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(54) LIQUID EJECTION HEAD

(57)  According to one embodiment, a liquid ejection
head includes an actuator unit, a nozzle plate, and a di-
aphragm portion. The actuator unit has grooves consti-
tuting a plurality of pressure chambers and a plurality of
sidewalls formed between the grooves constituting the
pressure chambers. The nozzle plate is disposed to face
one side of the plurality of pressure chambers. The dia-

FIG.

phragm portion has an diaphragm wall that blocks a por-
tion of a communication port of the pressure chamber
that communicates with a common chamber of the actu-
ator unit and forms a diaphragm aperture that is de-
creased in width on the one side in a depth direction of
the pressure chamber.
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Description
FIELD
[0001] Embodiments described hereinrelate generally

to liquid ejection heads.
BACKGROUND

[0002] Inrecentyears, there is a demand for high pro-
ductivity in an inkjet head, and increasing a speed and
increasing an amount of droplets become issues. For
example, a shear mode shared-wall type inkjet head has
high power and is directed to eject high-viscosity ink and
eject a large amount of droplets. In the shear mode
shared-wall type inkjet head, the same driving column is
shared by two pressure chambers, and 1/3 of the plurality
of arranged chambers are commonly driven as pressure
chambers at the same time, which is so-called three-
cycle driving. In addition, an independent drive head in
which, by using both sides of the pressure chamber to
be driven as dummy pressure chambers, one pressure
chamber is driven by two independent driving columns
is developed. For example, a structure in which a large
number of grooves are formed in a piezoelectric body,
entrance/exit are blocked every other groove, the
grooves with the entrance/exit not blocked are used as
pressure chambers, and the blocked grooves are used
as air chambers to be independently driven is developed.
[0003] In such an inkjet head, ink is replenished from
a common liquid chamber to the pressure chamber after
ink droplets are ejected. At this time, a phenomenon oc-
curs in which the nozzle overshoots and the meniscus
rises. The smaller the flow path resistance of the flow
path from the common liquid chamber to the nozzles, the
greater the overshoot. Ifthe overshoot is not suppressed,
ejection cannot be performed in a stable state of the me-
niscus. Therefore, in order to increase the speed of the
inkjet head, it is required to quickly converge the rising
of the meniscus and to ensure stable ejection character-
istics.

DISCLOSURE OF THE INVENTION

[0004] To this end, there is provided a liquid ejection
head comprising an actuator unit having grooves consti-
tuting a plurality of pressure chambers and a plurality of
sidewall portions formed between the grooves constitut-
ing the pressure chambers, a nozzle plate disposed to
face one side of the plurality of pressure chambers and
a diaphragm portion having an diaphragm wall that
blocks a portion of a communication port of the pressure
chamber that communicates with a common chamber of
the actuator unit and forms a diaphragm aperture that is
decreased in width on the one side in a depth direction
of the pressure chamber.

[0005] Preferably, the plurality of grooves and the plu-
rality of sidewall portions are aligned in a first direction.
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[0006] Preferably, the diaphragm portion is provided
on the sidewall portion and has a diaphragm wall that
decreases a width dimension of the communication port
in the first direction as compared with a width dimension
of aninterior of the pressure chamber in the first direction,
and a flow path resistance is configured to be larger than
the interior of the pressure chamber.

[0007] Preferably, an adhesive layer is provided be-
tween the top of the sidewall portion and the nozzle plate.
[0008] Preferably, the diaphragm wallis made of a pho-
tosensitive resin.

[0009] Preferably, the diaphragm aperture is a tapered
slit where a bottom side of the pressure chamber is in-
creased in width.

[0010] Preferably, the actuator unit has a plurality of
air chambers respectively formed between the plurality
of pressure chambers.

[0011] Preferably, the pressure chamber and the air
chamber are aligned in a first direction and extend re-
spectively in a second direction intersecting with the first
direction.

[0012] Preferably, the liquid ejection head is of a side
shooter type, in which the diaphragm portions are ar-
ranged at both ends of the pressure chamber in the sec-
ond direction, and each of both ends of the pressure
chamber communicates with the common chamber via
the diaphragm aperture.

[0013] Preferably, an opening width of an opening end
of the diaphragm aperture on the nozzle plate side is
configured to be a width capable of holding an uncured
adhesive by surface tension.

[0014] The present invention also relates to an inkjet
printer comprising the above-described head.

[0015] The presentinvention further relates to a meth-
od for producing a liquid ejection head comprising: a step
of forming an actuator base comprising a plurality of
grooves; a step of forming pressure chambers in the
grooves; a step of forming a diaphragm portion forming
a diaphragm aperture that is decreased in width on the
one side in a depth direction of the pressure chamber; a
step of adhering a nozzle plate on the actuator base.
[0016] Preferably, the step of forming a diaphragm por-
tion comprises: a step of forming a photosensitive resin
film of a photosensitive resin in the groove constituting
the pressure chamber; and a forming step of forming the
photosensitive resin film by exposure and development.
[0017] Preferably, the step of forming the photosensi-
tive resin film comprises: a step of coating the inner wall
of the pressure chamber with the photosensitive resin
whereby the photosensitive resin film in each groove is
formed to have a concave-shaped surface with the center
being recessed toward the depth side.

[0018] Preferably, the forming step further comprises :
a step of curing a tapered cured region by an exposure
process on the concave-shaped surface; and a step of
performing a development process to remove an uncured
region so that a tapered protrusion and a tapered dia-
phragm aperture are formed.
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DESCRIPTION OF THE DRAWINGS
[0019]

FIG. 1is a perspective view illustrating an inkjet head
according to an embodiment;

FIG. 2 is an exploded perspective view illustrating a
portion of a configuration of the inkjet head;

FIG. 3 is an enlarged perspective view illustrating a
portion of the configuration of the inkjet head;

FIG. 4 is an enlarged cross-sectional view illustrating
a portion of the configuration of the inkjet head;
FIG. 5is an enlarged cross-sectional view illustrating
a portion of the configuration of the inkjet head;
FIG. 6 is a view illustrating a method of manufactur-
ing the inkjet head; and

FIG. 7 is a schematic view illustrating an inkjet print-
er.

DETAILED DESCRIPTION

[0020] A problem to be solved by the present disclo-
sure is to provide a liquid ejection head capable of en-
suring stable ejection characteristics.

[0021] In general, according to one embodiment, a lig-
uid ejection head includes an actuator unit, anozzle plate,
and a diaphragm portion. The actuator unit has grooves
constituting a plurality of pressure chambers and a plu-
rality of sidewalls formed between the grooves constitut-
ing the pressure chambers. The nozzle plate is disposed
to face one side of the plurality of pressure chambers.
The diaphragm portion has a diaphragm wall that blocks
aportion ofthe communication port of the pressure cham-
ber that communicates with a common chamber of the
actuator unit and forms a diaphragm aperture that is de-
creased in width on the one side in the depth direction
of the pressure chamber.

[0022] Hereinafter, a configuration of an inkjet head 10
which is a liquid ejection head according to a first em-
bodiment will be described with reference to FIGS. 1 to
6. FIG. 1 is a perspective view illustrating the inkjet head
according to the first embodiment, and FIG. 2 is an ex-
ploded perspective view of a portion of the inkjet head.
FIG. 3 is an enlarged perspective view illustrating a por-
tion of the configuration of the inkjet head, and FIGS. 4
and 5 are enlarged cross-sectional views illustrating a
portion of the configuration of the inkjet head. FIG. 6 is
a view illustrating a method of manufacturing the inkjet
head, and FIG. 7 is a schematic view illustrating an inkjet
printer which is a liquid ejection device. In the drawings,
X, Y, and Z indicate a first direction, a second direction,
and a third directions perpendicular to each other, re-
spectively. It is noted that, in the present embodiment,
although the directions are described as a reference,
such thatthe parallel direction of nozzles 28 and pressure
chambers 31 of the inkjet head 10 is along the X axis,
the extending direction of the pressure chambers 31 is
along the Y axis, and the liquid ejection direction is along
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the Z axis, the present embodiment is not limited thereto.
[0023] The inkjet head 10 illustrated in FIGS. 1to 5 is
a device for ejecting ink and is mounted inside, for ex-
ample, an inkjet printer. The inkjet head 10 is a shear
mode shared-wall type inkjet head. For example, the
inkjet head 10 is an independently driven inkjet head in
which pressure chambers 31 and air chambers 32 are
alternately arranged. The air chamber 32 is an air cham-
ber to which ink is not supplied and does not have the
nozzles 28. In this embodiment, the inkjet head 10 is a
so-called side shooter type inkjet head.

[0024] The inkjet head 10 has an actuator base 11, a
nozzle plate 12 and a frame 13. The actuator base 11 is
an example of a base material. An ink chamber 27 is
formed inside the inkjet head 10 to which ink which is an
example of a liquid is supplied.

[0025] Furthermore, the inkjet head 10 includes com-
ponents such as a circuit board 17 that controls the inkjet
head 10 and a manifold 18 that forms a portion of the
path between the inkjet head 10 and an ink tank.
[0026] As illustrated in FIGS. 2 to 5, the actuator base
11 includes a substrate 21 and a pair of actuator units 22.
[0027] Thesubstrate21isformedinarectangularplate
shape from ceramics such as alumina. The substrate 21
has a flat mounting surface. The pair of actuator units 22
are joined to the mounting surface of the substrate. A
plurality of supply holes 25 and a plurality of discharge
holes 26 are formed in the substrate 21.

[0028] As illustrated in FIGS. 2 and 3, a pattern wiring
211 is formed on the substrate 21 of the actuator base
11. The pattern wiring 211 is formed of, for example, a
nickel thin film. The pattern wiring 211 has a common
pattern or an individual pattern and is configured in a
predetermined pattern shape of being connected to an
electrode layer 34 formed on the actuator unit 22.
[0029] The supply holes 25 are provided to be aligned
in a longitudinal direction of the actuator units 22 in the
central portion of the substrate 21 between the pair of
actuator units 22. The supply hole 25 communicates with
an ink supply portion of the manifold 18. The supply hole
25 is connected to the ink tank via the ink supply portion.
The supply hole 25 supplies the ink in the ink tank to the
ink chamber 27. It is noted that the supply holes 25 are
not limited to a plurality of circular holes as illustrated in
FIG. 2, and one long hole which is long in an X direction
along the actuator unit 22 may be used.

[0030] The discharge holes 26 are provided to be
aligned in two columns with the supply hole 25 and the
pair of actuator units 22 being interposed therebetween.
The discharge hole 26 communicates with an ink dis-
charge portion of the manifold 18. The discharge hole 26
is connected to the ink tank through the ink discharge
portion. The discharge hole 26 discharges the ink in the
ink chamber 27 to the ink tank.

[0031] The pair of actuator units 22 are adhered to the
mounting surface of the substrate 21. The pair of actuator
units 22 are provided on the substrate 21 so as to be
aligned in two columns with the supply hole 25 being
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interposed therebetween. Each actuator unit 22 is formed
of two plate-like piezoelectric bodies made of, for exam-
ple, lead zirconate titanate (PZT). The two piezoelectric
bodies are bonded together so that the polarization di-
rections are opposite to each other in a thickness direc-
tion. The actuator unit 22 is adhered to the mounting sur-
face of the substrate 21 with, for example, a thermoset-
ting epoxy adhesive. As illustrated in FIG. 2, the actuator
units 22 are arranged in parallel in the ink chamber 27
corresponding to the nozzles 28 aligned in two columns.
The actuator unit 22 partitions the ink chamber 27 into a
first common chamber 271 to which the supply hole 25
opens and two second common chambers 272 to which
the discharge hole 26 opens.

[0032] The width of the actuator unit 22 in the lateral
directionis gradually increased from a top surface portion
222 side toward the substrate side. A cross-sectional
shape along a direction (lateral direction) perpendicular
to the longitudinal direction of the actuator unit 22 is
formed in a trapezoidal shape. A side surface portion 221
of the actuator unit 22 has inclined surfaces that are in-
clined with respect to the second direction and the third
direction. The top surface portion 222 of the actuator unit
22 is adhered to the nozzle plate 12 via an adhesive layer
29.

[0033] The actuator unit 22 includes a plurality of pres-
sure chambers 31, a plurality of air chambers 32, and
diaphragm portions 240 provided at the entrance/exit of
the respective pressure chambers 31. The actuator unit
22 has a plurality of element walls 33 (sidewall portions),
and the grooves 14 constituting the pressure chambers
31 and the air chambers 32 are provided between the
element walls 33. In other words, the element wall 33 is
formed as a driving element between the grooves 14
forming the pressure chamber 31 and the air chamber 32.
[0034] As illustrated in FIGS. 1 to 5, a bottom surface
portion of the groove 14 and the main surface of the sub-
strate 21 are connected by the inclined side surface por-
tions 221. The plurality of pressure chambers 31 and the
plurality of air chambers 32 are arranged alternately. The
pressure chambers 31 and the air chambers 32 extend
in a direction crossing the longitudinal direction of the
actuator unit 22, and the plurality of pressure chambers
31 and the plurality of air chambers 32 are arranged in
parallel in the longitudinal direction (X direction) of the
actuatorunit22. Thatis, the direction in which the plurality
of pressure chambers 31 and the plurality of air chambers
32 are arranged is along the X direction. In this embod-
iment, for example, the groove 14 is configured to have
the width dimension in the X direction constant in the
depth direction along a Z direction and is configured to
have a rectangular cross section perpendicular to a Y
direction which is the extension direction.

[0035] Itis noted that the shape of the pressure cham-
ber 31 and the shape of the air chamber 32 may be dif-
ferent. The element wall 33 is formed between the pres-
sure chamber 31 and the air chamber 32 to be deformed
according to the drive signal to change the volume of the

10

15

20

25

30

35

40

45

50

55

pressure chamber 31.

[0036] The electrode layers 34 are provided on the in-
ner wall surfaces of the pressure chamber 31 and the air
chamber 32 of the actuator base 11, respectively. The
electrode layer 34 is formed of, for example, a conductive
film such as a nickel thin film. The electrode layer 34
extends from the inner surface portion of the groove 14
onto the substrate 21 and is connected to the pattern
wiring 211. For example, the electrode layer 34 is formed
at least on the side surface portion of the element wall
33, that is, the sidewall surface of the groove 14 consti-
tuting the pressure chamber 31. The electrode layer 34
may be formed on, for example, the side surface portion
and the bottom surface portion of the pressure chamber
31.

[0037] The plurality of pressure chambers 31 commu-
nicate with the plurality of nozzles 28 of the nozzle plate
12 joined to the top of the element wall 33. That is, the
nozzle plate 12 is disposed to face one side of the plurality
of pressure chambers 31 in the third direction. Both ends
of the pressure chamber 31 in the second direction com-
municate with the ink chamber 27. That is, one end por-
tion opens to the first common chamber 271 of the ink
chamber 27 and the other end portion opens to the sec-
ond common chamber 272 of the ink chamber 27. There-
fore, the ink flows in from the one end portion of the pres-
sure chamber 31 and the ink flows out from the other end
portion. At the communication port of the pressure cham-
ber 31 with the ink chamber 27, the diaphragm portion
240 having a diaphragm aperture 242 that is an opening
configured to have a higher flow path resistance than the
interior of the pressure chamber 31 is formed. As an ex-
ample, in this embodiment, the diaphragm portions 240
are formed in the communication ports at both ends of
the pressure chamber 31 in the extending direction.
[0038] As illustrated in FIGS. 4 and 5, the diaphragm
portion 240 is configured to have a shape of decreasing
the width in the X direction of the opening of the pressure
chamber 31 that communicates with the ink chamber 27.
As an example, the diaphragm portion 240 has a pair of
protrusions 241 as the diaphragm walls made of a pho-
tosensitive resin, and the diaphragm aperture 242 which
is a tapered slit decreasing a width on the nozzle plate
12 side is formed between the pair of protrusions 241. In
other words, the pair of protrusions 241 form the dia-
phragm aperture 242 decreasing the width on the nozzle
plate side in the depth direction of the pressure chamber
31.

[0039] The protrusion 241 protrudes from the element
wall 33 into the groove 14 at the end portion of the pres-
sure chamber 31 in the second direction and blocks a
portion of the communication port. In this embodiment,
a pair of the element walls 33 constituting both side por-
tions of the pressure chamber 31 in the X direction, that
is, the element walls 33 on both sides in the X direction
are formed with the protrusions 241 made of a photosen-
sitive resin.

[0040] Forexample, the protrusion 241 may be formed
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over the entire length in the third direction which is the
depth direction of the groove 14 of the pressure chamber
31 and may be formed partially in the third direction.
Moreover, the protrusions 241 may be formed by forming
a photosensitive resin, for example, on the bottom sur-
face of the groove 14 in addition to the side surface of
the groove 14. That is, the protrusions 241 on both sides
may have a configuration of being continuous at the bot-
tom of the groove 14.

[0041] The protrusion 241 is a wall member that in-
creases the flow path resistance at the entrance/exit of
the pressure chamber 31 and suppresses the entering
of the adhesive 291 from the end portion on the nozzle
plate 12 side. For example, each of the protrusions 241
provided on both side portions of each communication
port of the pressure chamber 31 has a rectangular cross-
section perpendicular to the third direction. Each of the
pair of protrusions 241 is formed in a tapered shape in
which the top side has a larger protrusion amount than
the bottom side in the depth direction. That is, the facing
surfaces of the pair of protrusions 241 are inclined so
that the top sides thereof are close to each other, and
the interval between the facing surfaces is gradually in-
creased in width on the bottom side. The top side of the
protrusion 241 denotes an adhesion side with respect to
the nozzle plate 12. The bottom side of the protrusion
241 denotes a position away from the adhesive side with
respect to the nozzle plate 12.

[0042] The groove 14 constituting the pressure cham-
ber 31 is not completely covered by the protrusion 241,
and the diaphragm aperture 242 allowing the pressure
chamber 31 to communicate with the first common cham-
ber 271 and the second common chamber 272 is formed
between the pair of protrusions 241 on both sides. The
diaphragm aperture 242 has a slit shape extending in the
third direction which is the depth direction of the pressure
chamber 31, and the opening width in the first direction
is configured to be smaller than the width of the interior
of inside the pressure chamber 31 in the first direction,
so as to be configured to be smaller than the flow path
cross-sectional area of the pressure chamber 31.
[0043] In addition, an opening width of an opening end
2421 on the nozzle plate 12 side of the diaphragm aper-
ture 242 is configured to be such a width that the uncured
adhesive 291 can be held at the opening end 2421 by
surface tension.

[0044] For example, by forming a photosensitive resin
film 244 on an inner walls of the pressure chamber 31
and the air chamber 32, and after that, curing the portions
constituting the protrusions 241 by exposure processing,
the diaphragm portion 240 is formed. That is, the com-
munication ports at both ends in the second direction are
partially blocked by the protrusions 241 to form the dia-
phragm portions 240 in which the flow path resistance is
increased.

[0045] Itis noted that, if the flow path resistance of the
diaphragm portion 240 is too large, the replenishment of
the ink to the pressure chamber 31 after the ejection of

10

15

20

25

30

35

40

45

50

55

the ink droplets is to be delayed, so that the speeding up
is hindered. In addition, the rising of the meniscus varies
depending on anink viscosity, an ejection volume, a drive
frequency, and the like. Therefore, the shape of the pro-
trusion 241 and the dimension and position of the dia-
phragm aperture 242 are set so as to provide the flow
path resistance according to ink replenishment condi-
tions and the meniscus rising characteristics. In addition,
the protrusion 241 and the diaphragm aperture 242 may
have any dimensions as long as the opening width of the
opening end 2421 of the diaphragm aperture 242 on the
nozzle plate 12 side can be decreased to suppress the
inflow of the adhesive 291, and the dimensions are set
according to conditions such as viscosity of the adhesive
291. It is noted that the diaphragm portions 240 on both
sides may have different configurations.

[0046] The air chamber 32 is blocked by the nozzle
plate 12 joined to the top on one side in the third direction.
Both ends of the plurality of air chambers 32in the second
direction are blocked by the cover portions 23 made of,
forexample, a photosensitive resin material. Thatis, both
ends of the air chamber 32 are separated from the ink
chambers 27 by arranging the cover portions 23 between
the first common chamber 271 of the ink chamber 27 and
one end side of the airchamber 32in the second direction
and between the second common chamber 272 and the
other end side of the air chamber 32 in the second direc-
tion, respectively. For this reason, the air chamber 32
constitutes an air chamber into which the ink does not
flow.

[0047] For example, the cover portion 23 is formed by
coating both end portions of the air chamber 32 with a
photosensitive resin and, after that, curing the target por-
tion in the same process as or a different process from
the formation of the protrusion 241.

[0048] The nozzle plate 12 is formed of, for example,
a rectangular polyimide film. The nozzle plate 12 faces
the mounting surface of the actuator base 11. The plu-
rality of nozzles 28 are formed in the nozzle plate 12 so
as to penetrate the nozzle plate 12 in the thickness di-
rection.

[0049] The plurality of nozzles 28 are provided in the
same number as the pressure chambers 31 and ar-
ranged to face the pressure chambers 31, respectively.
The plurality of nozzles 28 are aligned along the first di-
rection and arranged in two columns corresponding to
the pair of actuator units 22. Each nozzle 28 is configured
in a tubular shape with each axis extending in the third
direction. For example, although the nozzle 28 have a
constant diameter, the nozzle 28 may have a shape of
decreasing a diameter toward a central portion or a distal
end portion. The nozzles 28 are arranged to face an in-
termediate portion in the extending direction of the pres-
sure chambers 31 formed in the pair of actuator units 22
and communicate with the pressure chambers 31, re-
spectively. The nozzles 28 are arranged one by one at
positions corresponding to between both end portions of
each pressure chamber 31, for example, at the center in
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the longitudinal direction.

[0050] The frame 13 is formed in a rectangular shape
made of, for example, a nickel alloy. The frame 13 is
interposed between the mounting surface of the actuator
base 11 and the nozzle plate 12. The frame 13 is adhered
to the mounting surface of the actuator base 11 and the
nozzle plate 12, respectively. That is, the nozzle plate 12
is attached to the actuator base 11 via the frame 13.
[0051] The manifold 18 is joined to the opposite side
of the actuator base 11 from the nozzle plate 12. Inside
the manifold 18, an ink supply portion which is a flow path
communicating with the supply hole 25 and an ink dis-
charge portion which is a flow path communicating with
the discharge hole 26 are formed.

[0052] The circuit board 17 is a film carrier package
(FCP). The circuit board 17 has a flexible resin film 51
on which a plurality of wirings are formed and a drive IC
52 connected to the plurality of wirings of the film 51. The
drive IC 52 is electrically connected to the electrode layer
34 via the wiring of the film 51 and the pattern wiring 211.
[0053] Theinkchamber 27 surrounded by the actuator
base 11, the nozzle plate 12, and the frame 13 is formed
inside the inkjet head 10 configured as described above.
That is, the ink chamber 27 is formed between the actu-
ator base 11 and the nozzle plate 12. For example, the
ink chamber 27 is partitioned into three portions in the
second direction by the two actuator units 22 and includes
the two second common chambers 272 as common
chambers to which the discharge holes 26 open and the
first common chamber 271 as a common chamber to
which the supply holes 25 open. The first common cham-
ber 271 and the second common chamber 272 commu-
nicate with the plurality of pressure chambers 31.
[0054] In the inkjet head 10 configured as described
above, the ink circulates between the ink tank and the
ink chamber 27 through the supply hole, the pressure
chamber, and the discharge hole. For example, the drive
IC 52 applies a drive voltage to the electrode layer 34 of
the pressure chamber 31 via the wiring of the film 51 in
response to a signal input from the control unit of the
inkjet printer to cause a potential difference to occur be-
tween the electrode layer 34 of the pressure chamber 31
and the electrode layer 34 of the air chamber 32, so that
the element wall 33 is selectively deformed in a shear
mode. By deforming the element wall 33 formed between
the pressure chamber 31 and the air chamber 32 accord-
ing to the drive signal, the volume of the pressure cham-
ber 31 is changed.

[0055] Due to the shear mode deformation of the ele-
ment wall 33, the volume of the pressure chamber 31
provided with the electrode layer 34 is increased, and
the pressure is decreased. Accordingly, the ink in the ink
chamber 27 flows into the pressure chamber 31.

[0056] In a state where the volume of the pressure
chamber 31 is increased, the drive IC 52 applies a drive
voltage having a reverse potential to the electrode layer
34 of the pressure chamber 31. Accordingly, since the
element wall 33 undergoes shear mode deformation, the
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volume of the pressure chamber 31 in which the electrode
layer 34 is provided is decreased, and the pressure is
increased. As a result, the ink in the pressure chamber
31 is pressurized and ejected from the nozzle 28.
[0057] As a method of manufacturing the inkjet head
10, first, a piezoelectric member forming the plurality of
grooves 14 is attached to a plate-like substrate 21 with
an adhesive or the like, and after that, a machining proc-
ess using a dicing saw, a slicer, or the like is performed
to mold the actuator base 11 having a predetermined
outer shape. ltis noted that, forexample, a block-shaped
base member having a thickness corresponding to a plu-
rality of sheets may be formed in advance and, after that,
divided to manufacture a plurality of sheets of the actuator
bases 11 having a predetermined shape.

[0058] Subsequently, the electrode layer 34 and the
pattern wiring 211 are formed on the inner surfaces of
the grooves 14 constituting the pressure chambers 31
and the air chambers 32 and the surface of the substrate
21. As described above, the electrode layer 34 and the
pattern wiring 211 are formed at predetermined locations
on the surface of the actuator base 11, respectively.
[0059] Subsequently, the diaphragm portion 240 which
is a communication port having a higher flow path resist-
ance than the interior of the pressure chamber 31 is
formed at the end portion of the pressure chamber 31.
For example, the method of forming the diaphragm por-
tion 240 includes a film forming process of forming a pho-
tosensitive resin film 244 of a photosensitive resin in the
groove 14 constituting the pressure chamber 31 and a
forming process of forming the photosensitive resin film
244 by exposure and development.

[0060] As a film forming process, first, as illustrated in
Act 11 in FIG. 6, the photosensitive resin film 244 is
formed by coating the inner wall of the pressure chamber
31 with the photosensitive resin. At this time, by control-
ling a coating amount of the photosensitive resin, the
shape of the photosensitive resin on the exposure sur-
face is formed to have a concave shape. A surface 2440
on the top side of the photosensitive resin film 244 in
each groove 14 is formed to have a concave shape with
the center being recessed toward the bottom side.
[0061] Subsequently, as a forming process, the pho-
tosensitive resin films 244 at both end portions of the
pressure chamber 31 are molded by exposure and de-
velopment. For example, in the present embodiment, as
an example, by curing a tapered cured region 2441 by
an exposure process on the surface 2440 having a con-
cave shape, and after that, by performing a development
process to remove an uncured region 2442, the tapered
protrusion 241 and the tapered diaphragm aperture 242
are formed. It is noted that, in the forming process, a
baking process may be performed at a necessary timing.
[0062] For example, as an exposure process, as illus-
trated in Act 11, an exposure mask 245 is placed on the
top side of the element wall 33, and exposure is per-
formed from the top side through the exposure mask 245,
so that exposing is performed to the depth of the bottom
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of the groove 14. For example, the exposure mask 245
has a pattern shape having a non-exposed portion 2451
corresponding to the dimensions of the top side of the
diaphragm aperture 242. As an example, by setting the
exposure direction in the depth direction of the pressure
chamber 31, the protrusions 241 on both sides can be
exposed and molded at the same time. At this time, since
the surface 2440 of the photosensitive resin film 244 on
the top side on which the exposure light is incident is
configured in a concave shape, if the ultraviolet light
which is the exposure light is incident parallel to the Z
direction from the top side, the light progresses in the
direction of dispersion, so that an uncured region which
is increased in width in a tapered shape toward the bot-
tom is formed. That is, since the incident surface 2440
has a concave shape, the boundary surface between the
cured region 2441 and the uncured region 2442 has an
inclined shape so that the bottom side expands.

[0063] Afterthat, by washing away unnecessary unex-
posed resin with a developing solution, as illustrated in
Act 13, the tapered protrusion 241 is formed by the pho-
tosensitive resin film 244 at the entrance/exit of the pres-
sure chamber 31, and the diaphragm aperture 242 which
is narrowed at the top and is widened toward the bottom
is formed between the protrusions 241 on both sides, so
that the diaphragm portion 240 is formed.

[0064] It is noted that, in the film forming process of
the diaphragm portion 240 and the forming process by
exposure and development, the film forming process of
coating both ends of the air chamber 32 with the photo-
sensitive resin and the forming process by exposure and
development are performed at the same time, so thatthe
cover portion 23 blocking the air chamber 32 may be
formed at the same time as the diaphragm portion 240.
Alternatively, the cover portion 23 may be formed in a
separate process before forming the diaphragm portion
240 or after forming the diaphragm portion 240.

[0065] Then, the actuator base 11 is assembled to the
manifold 18, and the frame 13 is stacked to one surface
of the substrate 21 of the actuator base 11 with a ther-
moplastic resin adhesive sheet.

[0066] Then, the surfaces of the assembled frame 13,
the top of the element wall 33 of the actuator unit 22, and
the protrusions 241 on the nozzle plate 12 side are pol-
ished so as to be the same surface. Then, the nozzle
plate 12 is adhered to the polished surfaces of the top of
the element wall 33, the frame 13, and the protrusion
241. For example by coating the surface of the nozzle
plate 12 facing the pressure chambers 31 with the adhe-
sive 291 to form the adhesive layer 29, the nozzles 28
are positioned to face each other, and after being
stacked, by curing the adhesive 291, the adhesive layer
29 is joined. At this time, since the diaphragm aperture
242 on the nozzle plate 12 side is configured to have a
small width, the before-cured adhesive 291 can be pre-
vented from entering the interior through the diaphragm
aperture 242. As described above, the nozzle plate 12
is joined to the actuator unit 22, and the adhesive layer
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29 is provided between the element wall 33 and the noz-
zle plate 12. In addition, as illustrated in FIG. 1, the inkjet
head 10 is completed by connecting the drive IC 52 and
the circuit board 17 to the pattern wiring 211 formed on
the main surface of the substrate 21 via a flexible printed
circuit board.

[0067] Hereinafter, an example of an inkjet printer 100
including the inkjet head 10 will be described with refer-
ence to FIG. 7. The inkjet printer 100 includes a housing
111, a medium supply unit 112, an image forming unit
113, a medium discharge unit 114, a conveying device
115, and a control unit 116.

[0068] The inkjet printer 100 is a liquid ejection device
that performs an image forming process on paper P by
ejecting a liquid such as the ink while conveying a re-
cording medium such as paper P which is an ejection
target along a predetermined conveyance path A from
the medium supply unit 112 through the image forming
unit 113 to the medium discharge unit 114.

[0069] The housing 111 constitutes an outer shell of
the inkjet printer 100. A discharge port for discharging
the paper P to the outside is provided at a predetermined
position of the housing 111.

[0070] The medium supply unit 112 includes a plurality
of paper feed cassettes and is configured to be able to
stack and hold a plurality of sheets of the paper P of
various sizes.

[0071] The medium discharge unit 114 includes a pa-
per discharge tray configured to hold the paper P dis-
charged from the discharge port.

[0072] The image forming unit 113 includes a support
unit 117 that supports the paper P and a plurality of head
units 130 arranged above the support unit 117 so as to
face each other.

[0073] The supportunit117includes aconveybelt118
provided in a loop shape in a predetermined region for
image formation, a support plate 119 supporting the con-
vey belt 118 from the back side, and a plurality of belt
rollers 120 provided on the back side of the convey belt
118.

[0074] During the image formation, the support unit
117 supports the paper P on a holding surface which is
the upper surface of the convey belt 118 and feeds the
convey belt 118 at a predetermined timing by the rotation
of the belt roller 120 to convey the paper P to a down-
stream side.

[0075] The head unit 130 includes a plurality of (four
colors of) inkjet heads 10, ink tanks 132 as liquid tanks
mounted on the respective inkjet heads 10, connection
flow paths 133 connecting the inkjet heads 10 and the
ink tanks 132, and circulation pumps 134 that is a circu-
lation unit. The head unit 130 is a circulation type head
unit that constantly circulates the liquid in the ink tank
132, the pressure chamber 31, the air chamber 32, and
the ink chamber 27 built inside the inkjet head 10.
[0076] Inthisembodiment, fourinkjetheads 10 ofcyan,
magenta, yellow, and black, and ink tanks 132 that re-
spectively contain the inks of these colors are provided.
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The ink tank 132 is connected to the inkjet head 10 by
the connection flow path 133. The connection flow path
133 includes a supply flow path connected to the supply
port of the inkjet head 10 and a recovery flow path con-
nected to the discharge port of the inkjet head 10.
[0077] In addition, the ink tank 132 is also connected
to a negative pressure control device such as a pump
(not illustrated). The negative pressure control device
controls the pressure inside the ink tank 132 according
to a water head value of the inkjet head 10 and the ink
tank 132, so that the ink supplied to each nozzle 28 of
the inkjet head 10 is formed to have a meniscus having
a predetermined shape.

[0078] The circulation pump 134 is, for example, a lig-
uid feed pump configured with a piezoelectric pump. The
circulation pump 134 is provided in the supply flow path.
The circulation pump 134 is connected to a drive circuit
of the control unit 116 by wiring and is configured to be
controllable under the control of a CPU (Central Process-
ing Unit). The circulation pump 134 circulates the liquid
in a circulation flow path including the inkjet head 10 and
the ink tank 132.

[0079] The conveying device 115 conveys the paper
P along the conveyance path A from the medium supply
unit 112 through the image forming unit 113 to the me-
dium discharge unit 114. The conveying device 115 in-
cludes a plurality of guide plate pairs 121 arranged along
the conveyance path A and a plurality of conveying rollers
122.

[0080] Each of the plurality of guide plate pairs 121
includes a pair of plate members arranged to face each
other with the paper P being conveyed interposed ther-
ebetween to guide the paper P along the conveyance
path A.

[0081] The conveying rollers 122 are driven and rotat-
ed under the control of the control unit 116 to convey the
paper P along the conveyance path A to the downstream
side. It is noted that sensors for detecting the state of
conveyance of the paper are arranged at various loca-
tions along the conveyance path A.

[0082] The control unit 116 includes a control circuit
such as a CPU as a controller,a ROM (Read Only Mem-
ory) that stores various programs, a RAM (Random Ac-
cess Memory) that temporarily stores various variable
data, an image data, and the like, and an interface unit
for inputting data from the outside and outputting data to
the outside.

[0083] Inthe inkjet printer 100 configured as described
above, if a print instruction by a user operating the oper-
ation input unit at the interface is detected, for example,
the control unit 116 drives the conveying device 115 to
convey the paper P and outputs a print signal to the head
unit 130 at a predetermined timing, so that the inkjet head
10 is driven. As an ejection operation, the inkjet head 10
transmits a drive signal to the drive IC 52 according to
the image signal corresponding to the image data and
applies a drive voltage to the electrode layer 34 of the
pressure chamber 31 through the wiring to selectively
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drive the element wall 33 of the actuator unit 22, so that
an image is formed on the paper P held on the convey
belt 118 by ejecting the ink from the nozzles 28. In addi-
tion, as the liquid ejection operation, the control unit 116
drives the circulation pump 134 to circulate the liquid in
the circulation flow path passing through the ink tank 132
and the inkjet head 10. Due to the circulation operation,
by driving the circulation pump 134, the ink in the ink tank
132 passes through the ink supply portion of the manifold
18 and is supplied from the supply hole 25 to the first
common chamber 271 of the ink chamber 27. This ink is
supplied to the plurality of pressure chambers 31 and the
plurality of air chambers 32 of the pair of actuator units
22. The Ink flows through the pressure chamber 31 into
the second common chamber 272 of the ink chamber
27. This ink is discharged from the discharge hole 26 to
the ink tank 132 through the ink discharge portion of the
manifold 18.

[0084] According tothe above-described embodiment,
the ejection stability can be improved by forming the di-
aphragm at the entrance/exit of the pressure chamber
31. In addition, in the diaphragm portion 240, openings
that open to the first common chamber 271 and the sec-
ond common chamber 272 which are common chambers
of the pressure chambers 31 are smaller than the cross-
sectional area of the flow path of the pressure chambers
31. Therefore, the rising of the meniscus is reduced if the
inkjet head 10 ejects the liquid. Therefore, the meniscus
recovers quickly, and thus, the influence on the nextbullet
can be reduced, so that the ejection stability can be im-
proved.

[0085] In addition, in the inkjet head 10, by narrowing
the upper portion of the slit-shaped diaphragm aperture
242 of the diaphragm portion 240 by using a photosen-
sitive resin, the flow of the adhesive 291 can be sup-
pressed, and the productivity can be improved. That is,
for example, if the nozzle plate 12 is to be joined to the
actuator unit 22, the diaphragm portion 240 may be filled
with excess adhesive 291, so that printing defects may
occur, and the productivity may be deteriorated. Howev-
er, by sufficiently reducing the opening width of the open-
ing end 2421 of the diaphragm aperture 242 on the nozzle
plate 12 side, the flow of the adhesive 291 can be sup-
pressed, so that the printing defects can be suppressed.
[0086] In addition, according to the above-described
embodiment, the diaphragm portion 240 can be formed
by forming the photosensitive resin film 244 in the groove
14 of the actuator unit 22 and performing patterning by
an exposure process, and the diaphragm portion 240 can
be formed cheaply and easily with a small number of
processes. Furthermore, since the thickness and shape
of the protrusion 241 can be selected relatively freely by
exposure and development, the flow path resistance of
the diaphragm portion can be easily designed freely. In
addition, by forming the surface of the photosensitive res-
in film 244 to have a concave shape, the tapered dia-
phragm aperture 242 can be easily formed. In the above-
described embodiment, since the side surface portion
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221 of the actuator unit 22 constitutes the inclined sur-
face, restriction of the exposure direction is small, and
the exposure and development processes are facilitated.
[0087] Itis noted that the present disclosure is not lim-
ited to the above-described embodiment as it is and can
be embodied by modifying constituent elements without
departing from the scope of the present disclosure at the
implementation stage.

[0088] In the above-described embodiment, the dia-
phragm portion 240 increasing the flow path resistance
has a configuration of having the pair of protrusions 241
formed on the wall surfaces of the element walls 33 on
both sides of the pressure chamber 31, but the shape of
the diaphragm portion 240 is not limited thereto. For ex-
ample, the protrusion may be formed on a portion of the
pressure chamber 31 on the nozzle plate 12 side. For
example, although the diaphragm aperture 242 has a slit
shape extending in the third direction which is the depth
direction of the pressure chamber, the diaphragm aper-
ture 242 may extend in other directions or may have other
shapes including a circular shape and an oval shape.
[0089] Forexample, the diaphragm aperture 242 is not
limited to an example in which the bottom side is tapered
to expand gradually. As an example, the opening width
on both sides in the depth direction, that is, the bottom
side opposite to the opening end 2421 may be configured
to be smaller than the central portion. Alternatively, a
configuration in which the opening end 2421 of a portion
of the area on the nozzle plate 12 side may be decreased
in width and the other area on the bottom side may have
a constant opening width larger than the opening end
2421 may be used.

[0090] In addition, the diaphragm portion 240 on both
sides may have different configurations. For example,
the diaphragm portion 240 may be formed at least one
communication port of the pressure chamber 31 commu-
nicating with the common chambers 271 and 272 on both
sides by the protrusion 241, so that the effects of improv-
ing the ejection performance and enabling the diaphragm
portion 240 to be easily manufactured at a low cost can
be obtained.

[0091] In addition, although the cover portion 23 and
the protrusion 241 are formed inside the grooves 14 form-
ing the pressure chambers 31 and the air chambers 32
so as to partially fill the grooves 14, the shape is not
limited thereto. For example, on the side surface of the
actuator, the cover portion 23 that blocks the air chamber
32 and, for example, the protrusion 241 that blocks a
portion of the communication port of the pressure cham-
ber 31 may be formed outside the grooves 14 forming
the pressure chamber 31 and the air chamber 32, and
the diaphragm portion 240 may be formed outside the
grooves 14 and the element wall 33.

[0092] In the above-described embodiment, an exam-
ple in which the actuator unit 22 having the plurality of
grooves 14 is arranged on the main surface portion of
the substrate 21 is illustrated, but the present disclosure
is not limited thereto. For example, a configuration in

10

15

20

25

30

35

40

45

50

55

which the actuator is provided on the end face of the
substrate 21 may be used. In addition, the number of
nozzle columns is not limited to that of the above-de-
scribed embodiment, and may be configured to have one
column or three or more columns.

[0093] In addition, in the above-described embodi-
ment, the actuator base 11 having the stacked piezoe-
lectric bodies made of a piezoelectric member on the
substrate 21 is exemplified, but the present disclosure is
not limited thereto. For example, the actuator base 11
may be formed only by a piezoelectric member without
using a substrate. In addition, instead of using two pie-
zoelectric members, one piezoelectric member may be
used. In addition, the air chamber 32 may communicate
with the first common chamber 271 and the second com-
mon chamber 272 which are common chambers. In ad-
dition, a supply side and a discharge side may be con-
figured reversed, or may be configured to be switchable.
[0094] In addition, in the above-described embodi-
ment, as an example, a circulation type inkjet head in
which one side of the pressure chamber 31 in the second
direction is the supply side, the other side in the second
direction is the discharge side, and the first common
chamber fluid flows in from one side of the pressure
chamber and flows out from the other side is exemplified,
the presentdisclosure is not limited thereto. Forexample,
the inkjet head may be of a non-circulation. In addition,
for example, the configuration in which the common
chambers on both sides of the pressure chamber 31 may
be the supply side and the fluid flows in from both sides
may be used. Thatis, the fluid may flow in from both sides
of the pressure chamber 31 and flow out from the nozzle
28 arranged in the center of the pressure chamber 31.
Even in this case, by providing the diaphragm portions
240 at the communication ports serving as entrances on
both sides of the pressure chamber 31, the flow path
resistance is increased, and the ejection efficiency can
be improved. In addition, the configuration of the dia-
phragm portions 240 formed at both ends may be differ-
ent.

[0095] In addition, in the above-described embodi-
ment, an example in which the diaphragm portions 240
are formed at both ends of the pressure chamber 31 in
the extending direction is illustrated, but the present dis-
closure is not limited thereto, and the diaphragm portion
240 may be formed only on one side of the entrance/exit
on both sides communicating with the common cham-
bers 271 and 272 at both ends of the pressure chamber
31. For example, the diaphragm portion 240 having a
higher flow path resistance than that of the interior of the
pressure chamber 31 may be formed at one end portion,
and a configuration in which the other end portion has
the same flow path resistance as the interior of the pres-
sure chamber 31 and the cross-sectional area of the com-
munication port is the same as the cross-sectional area
of the interior of the pressure chamber 31 may be used.
[0096] In the above-described embodiment, the side
shooter type in which both sides of the pressure chamber
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31 communicate with the ink chamber is exemplified, but
the presentdisclosure is notlimited thereto. Forexample,
an end shooter type in which only one side of the pressure
chamber 31 communicates with the ink chamber 27 may
be used.

[0097] In addition, in the above-described embodi-
ment, an example in which the protrusions 241 are
formed on both side portions has been described, but
the presentdisclosure is notlimited thereto. Forexample,
the protrusion 241 may be formed only on one element
wall 33.

[0098] In the above-described embodiment, an exam-
ple is illustrated in which the diffusion direction of expo-
sure light is set by forming the photosensitive resin film
244 having a concave-shaped surface, but the present
disclosure is not limited thereto. For example, the expo-
sure depth and the cured region may be set by setting
the exposure direction to be oblique with respect to the
depth direction of the grooves 14.

[0099] In addition, for example, the liquid to be ejected
is not limited to printing ink, and a device that ejects a
liquid containing conductive particles for forming a wiring
pattern of a printed wiring board may be used.

[0100] In addition, in the above-described embodi-
ment, an example in which the inkjet head is used in a
liquid ejection device such as an inkjet printer is illustrat-
ed, but the present disclosure is not limited thereto. The
present disclosure can also be used in, for example, 3D
printers, industrial manufacturing machines, and medical
applications, and it is possible to reduce the size, weight,
and cost.

[0101] According to at least one embodiment de-
scribed above, it is possible to provide a liquid ejection
head and a method for manufacturing the liquid ejection
head capable of ensuring stable ejection characteristics.
[0102] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the scope of the
inventions. The accompanying claims and their equiva-
lents are intended to cover such forms or modifications
as would fall within the scope of the inventions.

Claims
1. Aliquid ejection head comprising:

an actuator unit (22) having grooves (14) con-
stituting a plurality of pressure chambers (31)
and a plurality of sidewall portions (33) formed
between the grooves constituting the pressure
chambers;

a nozzle plate (12) disposed to face one side of
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the plurality of pressure chambers; and

a diaphragm portion (240) having an diaphragm
wall (241) that blocks a portion of a communi-
cation port of the pressure chamber that com-
municates with a common chamber of the actu-
ator unit and forms a diaphragm aperture (242)
that is decreased in width on the one side in a
depth direction of the pressure chamber.

2. The head according to claim 1,

wherein the plurality of grooves and the plurality
of sidewall portions are aligned in a first direc-
tion,

wherein the diaphragm portion is provided on
the sidewall portion and has a diaphragm wall
that decreases a width dimension of the com-
munication portin the firstdirection as compared
with a width dimension of an interior of the pres-
sure chamber in the first direction, and a flow
path resistance is configured to be larger than
the interior of the pressure chamber, and
wherein an adhesive layer is provided between
the top of the sidewall portion and the nozzle
plate.

3. The head according to claim 2,

wherein the diaphragm wall is made of a photo-
sensitive resin, and
wherein the diaphragm aperture is a tapered slit
where a bottom side of the pressure chamber is
increased in width.

4. The head according to any one of claims 1 to 3,

wherein the actuator unit has a plurality of air
chambers respectively formed between the plu-
rality of pressure chambers,

wherein the pressure chamber and the air cham-
ber are aligned in a first direction and extend
respectively in a second direction intersecting
with the first direction, and

wherein the liquid ejection head is of a side
shooter type, in which the diaphragm portions
are arranged at both ends of the pressure cham-
ber in the second direction, and each of both
ends of the pressure chamber communicates
with the common chamber via the diaphragm
aperture.

5. The head according to any one of claims 1 to 4,
wherein an opening width of an opening end of the
diaphragm aperture on the nozzle plate side is con-
figured to be a width capable of holding an uncured
adhesive by surface tension.

6. Aninkjet printer comprising a head according to any
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one of claims 1 to 5.

A method for producing a liquid ejection head com-
prising:

a step of forming an actuator base (11) compris-
ing a plurality of grooves (14);

a step of forming pressure chambers (31) in the
grooves;

a step of forming a diaphragm portion forming a
diaphragm aperture (242) that is decreased in
width on the one side in a depth direction of the
pressure chamber;

a step of adhering a nozzle plate on the actuator
base (11).

The method for according to claim 7, wherein the
step of forming a diaphragm portion comprises:

a step of forming a photosensitive resin film
(244) of a photosensitive resin in the groove (14)
constituting the pressure chamber (31); and
aforming step of forming the photosensitive res-
in film (244) by exposure and development.

The method for according to claim 8, wherein the
step of forming the photosensitive resin film (244)
comprises:

a step of coating the inner wall of the pressure cham-
ber (31) with the photosensitive resin whereby the
photosensitive resin film (244) in each groove (14)
is formed to have a concave-shaped surface (2440)
with the center being recessed toward the depth
side.

The method for according to claim 8 or 9 wherein
the forming step further comprises :

a step of curing a tapered cured region (2441)
by an exposure process on the concave-shaped
surface (2440); and

a step of performing a development process to
remove an uncured region (2442) so that a ta-
pered protrusion (241) and a tapered diaphragm
aperture (242) are formed.
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