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(54) LIQUID DISCHARGE HEAD

(57)  According to one embodiment, there is provided
a liquid discharge head including a nozzle plate on which
nozzles are formed, an actuator disposed facing the noz-
zle plate and provided with grooves configuring a plurality
of pressure chambers communicating with the nozzles,

liquid-repellent films formed in a predetermined first re-
gion on a surface of the actuator, and electrode layers
formed in a second region different from the first region
in which the liquid-repellent films are formed on the sur-
face of the actuator.
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Description
FIELD
[0001] Embodiments described hereinrelate generally

to a liquid discharge head.
BACKGROUND

[0002] In an ink jet head that pressurizes ink with a
piezoelectric member and discharges ink droplets from
nozzles provided on a nozzle plate, electrodes are
formed on the piezoelectric member in order to apply a
voltage to the piezoelectric member. The electrodes are
patterned after being formed by a liquid-phase film form-
ing method such as a plating method, and are formed on
the entire surface of the inside of a pressure chamber.
Ink is supplied from a common ink chamber to the pres-
sure chamber.

DESCRIPTION OF THE DRAWINGS
[0003]

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

FIG. 2 is an exploded perspective view illustrating a
partial configuration of the ink jet head;

FIG. 3is an enlarged cross-sectional view illustrating
a partial configuration of the ink jet head;

FIG. 4 is an enlarged perspective view illustrating a
partial configuration of the ink jet head;

FIG. 5 is an enlarged explanatory view illustrating a
partial configuration of the ink jet head;

FIG. 6 is an explanatory view illustrating a method
of manufacturing the ink jet head;

FIG. 7 is another explanatory view illustrating the
method of manufacturing the ink jet head;

FIG. 8 is a table illustrating contact angles of a liquid
repellent material and a piezoelectric material ac-
cording to the embodiment to pure water; and
FIG.9is aschematicviewillustrating an ink jet printer
according to an embodiment.

DETAILED DESCRIPTION

[0004] Embodiments provide a liquid discharge head
that is easy to manufacture.

[0005] Ingeneral, according to one embodiment, there
is provided a liquid discharge head including a nozzle
plate on which nozzles are formed, an actuator disposed
facing the nozzle plate and provided with grooves con-
figuring a plurality of pressure chambers communicating
with the nozzles, liquid-repellent films formed in a prede-
termined first region on a surface of the actuator, and
electrode layers formed in a second region different from
the first region in which the liquid-repellent films are
formed on the surface of the actuator.

10

15

20

25

30

35

40

45

50

55

[0006] Preferably, the actuator is provided with a plu-
rality of drive element portions and the grooves formed
between the plurality of drive element portions, and is
provided on a base material. Each of the electrode layers
is formed at a predetermined location on a side wall sur-
face of each of the grooves, a main surface of the base
material, and a side surface of the actuator, and each of
the liquid-repellent films is formed at a location different
from the electrode layer on a bottom surface portion of
each of the grooves, the main surface of the base mate-
rial, and the side surface of the actuator.

[0007] Preferably, a supply path for supplying a liquid
to the pressure chamber is formed on the bottom surface
portion of the groove configuring the pressure chamber.
[0008] Preferably, the liquid-repellent films are formed
on afacing surface of the actuator facing the nozzle plate.
[0009] Preferably, the liquid discharge head further
comprises a frame configured to surround the actuator
and adhered to the nozzle plate, wherein liquid-repellent
films are formed on the facing surface of the frame facing
the nozzle plate.

[0010] Hereinafter, an ink jet head 1 which is a liquid
discharge head according to the first embodiment and
an ink jet printer 100 which is a liquid discharge device
will be described with reference to FIGS. 1 to 8. FIG. 1
is a perspective view illustrating a schematic configura-
tion of the ink jet head 1, and FIG. 2 is an exploded per-
spective view illustrating a partial configuration of the ink
jet head 1. FIG. 3 is an enlarged cross-sectional view
illustrating a partial configuration of the ink jet head 1.
FIG.4isanenlarged perspective view illustrating a partial
configuration of the ink jet head 1, in which an internal
structure thereof is illustrated by omitting a part of a resin
cover 19, for the sake of explanation. FIG. 5 is an ex-
planatory diagram schematically illustrating a configura-
tion of an actuator. In the following description, a Carte-
sian coordinate system composed of an X-axis, a Y-axis,
and a Z-axis is used. In the figures, arrows X, Y, and Z
indicate three directions orthogonal to each other. The
X-axis is along a first direction, which is an arranging
direction of nozzles, the Y-axis is along a second direc-
tion, which is an aligning direction of nozzle rows, the Z-
axis is along a third direction, which is the direction in
which droplets are discharged. For the sake of explana-
tion, in each figure, the configuration is illustrated en-
larged, reduced, or omitted as appropriate.

[0011] The ink jet head 1 includes an actuator base
10, a frame 20, a nozzle plate 30, and a manifold 40. The
ink jet head 1 is, for example, an on-demand type ink jet
head used in an ink jet printer by being mounted thereon,
and is a circulation type ink jet head that circulates ink to
and from an ink tank of the ink jet printer. In the ink jet
head 1, a flow path is connected to an ink tank as a liquid
storage portion provided in an ink jet printer 100, and the
ink jet head 1 is disposed, for example, in a posture in
which nozzles 31 along a third direction face downward.
[0012] The actuator base 10 includes a base material
12 which is an actuator substrate, and a plurality of ac-
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tuators 13 provided on the base material 12.

[0013] The base material 12 is formed in a shape of a
square plate. The base material 12 is preferably made
of PZT, ceramics, glass, free-cutting ceramics, or a ma-
terial containing these. As an example, two actuators 13
extending in a first direction are provided on one surface
of the base material 12, and a plurality of ink discharge
paths 121 are provided side by side at along the first
direction between the two actuators 13. An ink discharge
path 121 is a circular hole penetrating the base material
12 in the Z-direction, and communicates with a common
ink chamber formed in the manifold 40 on the back side
of the base material 12.

[0014] Pattern electrodes 17 and liquid-repellent films
15 are formed at predetermined locations on a main sur-
face 122 of the base material 12, respectively. That is,
the main surface 122 of the base material 12 has a liquid-
repellent area on which the liquid-repellent films 15 are
formed and an electrode area on which electrode layers
forming the pattern electrodes 17 are formed.

[0015] The pattern electrode 17 is on the base material
12, reaches the outside of the frame 20, is connected to
a flexible printed board 60 on the outside of the frame
20, and is connected to a drive IC chip 61 mounted on
the flexible printed circuit board 60. A protective film may
be further formed on the surface of the base material 12.
[0016] The pattern electrode 17 is a conductive film
formed of a conductive material such as nickeland having
a predetermined pattern shape. The pattern electrode 17
is patterned in a predetermined shape in which an elec-
trode layer 16 arranged on a side wall surface 1322 of a
groove 132 of the actuator 13 is pulled out and is guided
to a mounting portion such as a drive circuit. Forexample,
the pattern electrode 17 is formed in a region of each
actuator 13 opposite to a region where the ink discharge
path 121 is arranged. A conductive material is formed on
the pattern electrode 17 by a method such as a vacuum
vapor deposition method or an electroless plating meth-
od, and the pattern electrode 17 is patterned into a pre-
determined pattern shape. The pattern electrode 17 may
be formed at the same time as the electrode layer 16.
[0017] The actuator 13 includes a plurality of piezoe-
lectric members 131 provided on the base material 12.
The piezoelectric member 131 is configured with a first
piezoelectric body and a second piezoelectric body that
are laminated. Examples of the material of the first and
second piezoelectric bodies include lead zirconate titan-
ate (PZT), lithium niobate (LiNbO), lithium tantalate
(LiTaO3) and the like. The first and second piezoelectric
bodies are polarized in opposite directions to each other
along the thickness direction.

[0018] A side surface portion 1312 of the piezoelectric
member 131 has an inclined surface that is inclined with
respect to the second direction and the third direction.
That is, the piezoelectric member 131 is formed to have
a trapezoidal shape in cross-sectional view orthogonal
to the second direction. A bottom surface portion 1321
of the groove 132 and the main surface 122 of the base
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material 12 are connected by the inclined side surface
portion 1312.

[0019] A plurality of grooves 132 aligned in the first
direction are formed on a top surface portion 1311 of the
piezoelectric member 131, whichis an end surface facing
the nozzle plate 30. That is, the piezoelectric member
131 is formed in a comb-teeth shape, and a support col-
umn-shaped portion formed between the adjacent
grooves 132 configures a laminated piezoelectric ele-
ment 133 that serves as a drive element portion for
changing the volume of the groove 132. In other words,
in the piezoelectric member 131 which is a laminated
piezoelectric body, a plurality of laminated piezoelectric
elements 133 are aligned in one direction, and the groove
132 is formed between adjacent laminated piezoelectric
elements 133. Each of the grooves 132 is formed over
the entire length of the piezoelectric member 131 in the
second direction. The groove 132 is opened to the nozzle
plate 30 side. Among the plurality of grooves 132 aligned
in the first direction, grooves 132 arranged every other
one configure pressure chambers 14, and the grooves
132 arranged between the pressure chambers 14 form
air chambers B as dummy chambers.

[0020] Ink supply paths 134 are formed in the bottom
surface portions 1321 of the grooves 132 forming the
pressure chambers 14 disposed every other one. The
ink supply path 134 is a circular hole that penetrates the
piezoelectric member 131 and the base material 12 in
the Z-direction, and communicates with a common ink
chamber formed in the manifold 40 on the back side of
the base material 12. Ink is supplied from the ink supply
path 134 along the Z-direction, which is the depth direc-
tion of the groove 132.

[0021] Aliquid-repellentfilm 15isformed on the bottom
surface 1321 of the groove 132. The liquid-repellent film
15 is a layer in which a liquid-repellent material 151 hav-
ing high liquid repellency is formed to a predetermined
thickness. As illustrated in FIG. 8, for example, the liquid-
repellent film 15 has a larger contact angle, which is an
angle formed by a liquid surface and a solid surface, than
that of PZT. A contact angle of PZT is 70 degrees, and
the contact angle of the liquid-repellent film 15 is 110
degrees. Accordingly, since the liquid-repellent film 15
repels a plating solution forming the electrode, the elec-
trode is not formed on the liquid-repellent film 15. That
is, an area where the liquid-repellent film 15 is formed
configures a separation portion for separating the elec-
trodes. As the liquid repellent material 151, for example,
a fluorine-based coating agent manufactured by AGC,
SF Coat, or the like can be used.

[0022] The electrode layer 16 is formed on both side
wall surfaces 1322 of the groove 132. The electrode layer
16 is a conductive film made of a conductive material
such as nickel and having a predetermined shape. The
electrode layer 16 is patterned by removing a part of the
electrodes by laser processing after the conductive ma-
terial is formed by a method such as a vacuum vapor
deposition method or an electroless nickel plating meth-
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od. Inthe present embodiment, nickel is used as the con-
ductive material of the electrode layer 16, butis notlimited
thereto. For example, the electrode layer 16 may be
formed of gold, copper, or the like. Alternatively, the elec-
trode layer 16 may be laminated with a film of two or more
kinds of conductive materials.

[0023] The electrode layer 16 is connected to a wiring
formed on a circuit board or a flexible wiring board
through the pattern electrode 17 formed on the side sur-
face portion 1312 of the piezoelectric member 131 and
the main surface 122 of the base material 12. The elec-
trode layer 16 is electrically connected to various elec-
tronic components such as a drive IC through the circuit
board and the flexible board.

[0024] A pattern electrode 18 is formed on the side
surface portion 1312 of the piezoelectric member 131,
which is an inclined surface following the groove 132.
The pattern electrode 18 is connected to the electrode
layer 16 on the side wall surface 1322 of the groove 132,
and is also connected to the pattern electrode 17 formed
on the main surface 122 of the base material 12.
[0025] The pattern electrode 18 is a conductive film
formed of a conductive material such as nickeland having
a predetermined pattern shape. The pattern electrode 18
is patterned in a predetermined shape in which the elec-
trode layer 16 arranged on the side wall surface 1322 of
each of the grooves 132 of the actuator 13 is pulled out
and guided to a mounting portion such as a drive circuit.
A conductive material is formed on the pattern electrode
18 by amethod such as a vacuum vapor deposition meth-
od or an electroless plating method, and the pattern elec-
trode 18is patterned into a predetermined pattern shape.
The pattern electrode 18 may be formed at the same time
as the electrode layer 16.

[0026] The surface of the actuator base 10 has liquid-
repellent areas as first regions in each of which the liquid-
repellent film 15 is formed, electrode areas as second
regions in each of which the electrode layer 16 and the
pattern electrode 17 are formed. The liquid repellent area
and the electrode area are disposed in different portions.
For example, on the surface of the actuator base 10, an
electrode area is formed at a portion where the liquid-
repellent area is not formed.

[0027] For example, the liquid-repellent areas on
which the liquid-repellent film 15 is formed are formed at
predetermined locations on the bottom surface portion
1321 of the groove 132 of the actuator 13, the top surface
portion 1311 of the laminated piezoelectric element 133,
the inclined side surface portion 1312 of the piezoelectric
member 131, and the main surface 122 of the base ma-
terial 12, respectively.

[0028] The electrode areas on which the electrode lay-
er 16 or the pattern electrodes 17 and 18 are formed are
formed at predetermined locations on the side wall sur-
face 1322 of the groove 132, the side surface portion
1312 of the piezoelectricmember 131 which is aninclined
surface, and the main surface 122 of the base material
12, respectively. The electrode layer 16 is not formed on
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the bottom surface portion 1321 of the groove 132, and
the electrode layers 16 formed on both side wall surfaces
1322 are separated from each other.

[0029] In the actuator 13, the inclined surface on one
end side in the second direction is covered with a resin
cover 19. Of the actuator 13, the other end side in the
second direction, that is, the ink discharge port 121 side
is partially covered with the resin cover 19. Specifically,
one side of the groove 132 configuring the pressure
chamber 14 in the second direction is closed by the resin
cover 19, and the other side is opened to communicate
with the ink discharge path 121. Both ends of air chamber
B in the second direction are covered with the resin cover
19 and are closed.

[0030] For example, the resin cover 19 is an adhesive
made of an epoxy resin material, and is formed by ther-
mosetting after applying the adhesive to the side surface
of the actuator 13. The resin cover 19 covers the surface
of the inclined surface on which the wiring is formed, and
closes an opening of the groove 132 so that ink does not
flow from the groove 132 to the wiring area. That is, the
pressure chamber 14 opens on one side in the second
direction to communicate with the ink supply path 134,
communicate with a nozzle hole 31, and further commu-
nicate with the ink discharge port 121. The air chamber
B is closed by the nozzle plate 30 and the resin covers
19 at both ends.

[0031] The frame 20 is provided on the actuator base
10, surrounds an outer periphery of the actuator 13, and
covers an outer periphery of a partial region of the actu-
ator base 10. The frame 20 is made of, for example, a
ceramic material and is bonded to the end face of the
actuator base 10 in the first direction. The frame 20 has
an opening that is smaller than the base material 12 and
larger than the region of the base material 12 where the
actuator 13 is provided. The frame 20 is bonded to the
base material 12 by, for example, an adhesive. For ex-
ample, the frame 20 is adhered to the main surface of
the base material 12 on which the liquid-repellent film is
formed through a sheet of thermoplastic resin. The frame
20 serves as a guide function for guiding a liquid such
as ink. The end face of an opening edge on one side of
the frame 20, which is the upper part in Fig. 1, forms a
nozzle facing surface to be disposed the nozzle plate 30.
In the present embodiment, as an example, the liquid-
repellent films 15 are also formed on the nozzle facing
surface of the frame 20. The nozzle facing surface forms
a flat plane surface along the XY-plane and is on the
same plane with the nozzle facing surface of the actuator
13. The nozzle facing surface of the frame 20 is boned
to the outer periphery of the nozzle plate 30 through an
adhesive.

[0032] The nozzle plate 30 is formed in the shape of a
square plate. The nozzle plate 30 is made of a resin film
such as polyimide, for example. The nozzle plate 30 has
a thickness of 10 wm to 100 wm, and nozzle rows each
of which includes a plurality of nozzles 31 penetrating in
the thickness direction are formed in the nozzle plate 30.
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The nozzle plate 30 is disposed to face one side in the
Z-direction to cover openings on one side in the Z-direc-
tion of groove rows of the actuator base 10. The nozzles
31 are respectively provided at positions corresponding
to the plurality of pressure chambers 14. That is, the noz-
zle plate 30 includes the nozzles 31 communicating with
the pressure chambers formed by the grooves 132. The
nozzle plate 30 is larger than the opening of the frame
20. The nozzle plate 30 is bonded to the frame 20 by, for
example, an adhesive. The nozzles 31 form two rows
corresponding to the pressure chambers. The diameter
of the nozzle 31 increases as the nozzle 31 advances
from a recording medium facing surface toward the pres-
sure chamber. The dimension of the nozzle 31 is set to
a predetermined value according to an amount of ink
discharge. The nozzle 31 can be formed, for example,
by performing laser processing using an excimer laser.
[0033] The manifold 40 is arranged on one side of the
actuator base 10 and configures acommon ink chamber.
The manifold 40 includes a supply port that communi-
cates with the common ink chamber and allows ink to
flow into the common ink chamber from the outside, and
a discharge port that discharges ink from the common
ink chamber to the outside. The supply port and the dis-
charge port are connected to a connection flow path.
[0034] In the ink jet head 1, the manifold 40, the actu-
ator base 10, the frame 20, and the nozzle plate 30 are
assembled as one to form an ink flow path inside thereof.
Ink is supplied from the common ink chamber formed in
the manifold 40 to the pressure chamber 14 through the
ink supply path 134, passes through the pressure cham-
ber 14, and circulates so that excess ink returns from the
ink discharge path 121 to the manifold 40. A part of the
ink is discharged from the nozzle 31 while flowing through
the pressure chamber 14 due to a volume change of the
pressure chambers 14 by the control based on image
data. For example, by setting the electrode layer 16 of
the pressure chamber 14 is set to GND and applying a
voltage to the electrode layer 16 of the adjacent air cham-
ber B, the volume of the pressure chamber 14 is changed
and a droplet is discharged from the nozzle 31 commu-
nicating with the pressure chamber 14.

[0035] Hereinafter, a method for manufacturing the ink
jet head 1 according to the present embodiment will be
described with reference to FIGS. 1to 7. FIGS. 6 and 7
are explanatory diagrams illustrating a patterning proc-
ess in the method for manufacturing the ink jet head 1.
FIG. 6 is an explanatory diagram illustrating an electrode
forming process on the side wall surface of the groove,
and FIG. 7 is an explanatory diagram illustrating an elec-
trode forming process on the base material and the side
surface portion of the actuator.

[0036] Inthe method for manufacturing the ink jet head
1 according to the present embodiment, a plurality of pi-
ezoelectric members 131 forming a plurality of grooves
are attached to the plate-shaped base material 12 with
an adhesive or the like, and are subjected to machining
using a dicing saw, a slicer, or the like to form the actuator
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base 10 having a predetermined outer shape. For exam-
ple, a plurality of block-shaped base members having a
thickness corresponding to a plurality of sheets may be
formed in advance and then divided to manufacture a
plurality of actuator bases 10 having a predetermined
shape.

[0037] AsillustratedinAct1of FIGS.6and7,theliquid-
repellent material 151 cured by UV is applied to the entire
surface of the base material 12. Subsequently, as illus-
trated in Act 2, after applying the liquid-repellent material
151, a UV-irradiated location is cured by irradiating a lo-
cation where the electrode is to be formed with ultraviolet
rays from the nozzle plate 30 side using an LED lamp
192 that irradiates UV light. Light to be irradiated is pref-
erably UV light having high linearity, and preferably has
a long wavelength of 330 nm or more. As an example, a
mask 191 is disposed at a portion where the liquid-repel-
lent film is not formed, that is, a portion where the elec-
trode layer 16 and the pattern electrodes 17 and 18
should be formed, and the portion is irradiated with UV.
That is, the mask is disposed on the location where the
pattern electrodes 17 and 18 should be formed on the
main surface 122 of the base material 12 and the side
surface portion 1312 of the piezoelectric member 131
and the portion is irradiated with UV. Here, by irradiating
the piezoelectric member 131 with UV light having high
linearity and along wavelength from the direction in which
the nozzle plate 30 is arranged, the bottom surface por-
tion 1321 of the groove 132 and the top surface portion
1311 can be irradiated with UV light without disposing
the mask 191. With the configuration described above,
the portion where the mask is not formed on the main
surface 122 of the base material 12 and the side surface
portion 1312, the bottom surface portion 1321 of the
groove 132, and the top surface portion 1311 are cured,
and the liquid-repellent film 15 is formed (Act 3). That is,
liquid repellency is developed on the liquid-repellent film
15 at the cured portion. Subsequently, as illustrated in
Act 4, the liquid-repellent material 151 at the portion
where UV light is not irradiated and the liquid repellency
is not developed is removed. After that, when the plating
method is performed, the liquid-repellent film 15 repels
the plating solution, and thus the electrode layer 16 and
the pattern electrodes 17 and 18 are formed only on the
area, where the liquid-repellent film 15 is not formed, of
the side wall surface 1322 of the groove 132, the base
material 12, and the side surface portion 1312 (Act 5).
As illustrated in FIG. 8, the contact angle of the liquid
repellent material 151 forming the liquid-repellent film 15
is 110 degrees, and the contact angle of the PZT is 70
degrees. Since the contact angle of the liquid repellent
material 151 is larger than that of the PZT, the portion
where the liquid repellent film 15 is formed repels the
plating solution. Thus, the electrode layer 16 and the pat-
tern electrodes 17 and 18 are not formed on the liquid-
repellent film 15. The ink supply path 134 is formed at
the bottom portion of the groove 132 forming the pressure
chamber 14 (Act 5).
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[0038] With the configuration described above, the lig-
uid-repellent film 15, the electrode layer 16, and the pat-
tern electrodes 17 and 18 are formed at predetermined
locations on the surface of the actuator base 10, respec-
tively. By forming the resin cover 19 at a predetermined
location, one end side of the pressure chamber 14 and
both ends of air chamber B are closed. Then, the actuator
base 10 is assembled to the manifold 40, and the frame
20 is attached to one surface of the actuator base 10 with
an adhesive sheet of thermoplastic resin.

[0039] The nozzle plate 30 is adhered to and attached
to the actuator base 10 to cover the groove 132. Here,
positioning is performed so that the nozzles 31 face the
grooves 132. As illustrated in FIG. 1, the ink jet head 1
is completed by connecting the drive IC chip 61 and the
circuit board to the pattern electrode 17 formed on the
main surface of the base material 12 through the flexible
printed circuit board 60.

[0040] Next, the ink jet printer 100 including the ink jet
head 1 will be described with reference to FIG. 9. FIG. 9
is an explanatory diagram illustrating the configuration
of the ink jet printer 100. As illustrated in FIG. 9, the ink
jet printer 100 includes a casing 101, a medium supply
unit 102, an image forming unit 103, a medium discharge
unit 104, a conveyance device 105, and a control unit
106.

[0041] The ink jet printer 100 is a liquid discharge ap-
paratus that performs animage forming process on paper
P by discharging a liquid such as ink while conveying,
for example, paper P as a recording medium, that is an
object to be discharged, along a predetermined convey-
ance path A from the medium supply unit 102 to the me-
dium discharge unit 104 through the image forming unit
103.

[0042] The medium supply unit 102 includes a plurality
of paper feed cassettes 1021. The medium discharge
unit 104 includes a paper discharge tray 1041. Theimage
forming unit 103 includes a support unit 107 for support-
ing paper, and a plurality of head units 200 that are dis-
posed above the support unit 107 to face the support unit
107.

[0043] The support unit 107 includes a conveyance
belt 108 provided in a loop shape in a predetermined
region for performing image formation, a support plate
109 that supports a conveyance belt 108 from the back
side, and a plurality of belt rollers 110 provided on the
back side of the conveyance belt 108.

[0044] The head units 200 include a plurality of ink jet
heads 1, a plurality of ink tanks 202 as liquid tanks re-
spectively mounted on the ink jet heads 1, connection
flow paths 203 that connect the ink jet heads 1 and the
ink tanks 202, and circulation pumps 204 that are circu-
lation units. The head unit 200 is a circulation type head
unit that circulates a liquid.

[0045] In the present embodiment, the head units 200
include the inkjet heads 1 for four colors of cyan, magen-
ta, yellow, and black as the inkjet heads 1, and the ink
tanks 202 that respectively contain inks of these colors.

10

15

20

25

30

35

40

45

50

55

The ink tank 202 is connected to the ink jet head 1 by
the connection flow path 203. The connection flow path
203 includes a supply side flow path connected to the
supply port of the ink jet head 1 and a recovery side flow
path connected to the discharge port of the ink jet head 1.
[0046] A negative pressure control device such as a
pump (not illustrated) is connected to the ink tank 202.
Then, by controlling the inside of the ink tank 202 with
the negative pressure control device corresponding to
water head pressure between the ink jet head 1 and the
ink tank 202, the ink supplied to each nozzle of the ink
jet head 1 is formed into a meniscus having a predeter-
mined shape.

[0047] A circulation pump 204 is a liquid feed pump
composed of, for example, a piezoelectric pump. The
circulation pump 204 is provided in the supply side flow
path. The circulation pump 204 is connected to a drive
circuit of the control unit 106 by wiring. A central process-
ing unit (CPU) 1061 is configured to be able to control
the circulation pump 204. The circulation pump 204 cir-
culates the liquid in a circulation flow path including the
ink jet head 1 and the ink tank 202.

[0048] The conveyance device 105 conveys paper P
along a conveyance path A from the paper feed cassette
1021 of the medium supply unit 102 to the paper dis-
charge tray 1041 of the medium discharge unit 104
through the image forming unit 103. The conveyance de-
vice 105 includes a plurality of guide plate pairs disposed
along the conveyance path A, and a plurality of convey-
ance rollers.

[0049] The controlunit106includesa CPU 1061 which
is a controller, a read only memory (ROM) that stores
various programs and the like, and a random access
memory (RAM) that temporarily stores various variable
data, image data, and the like, and an interface unit that
receives data from the outside and outputs data to the
outside.

[0050] In the ink jet head 1 and the ink jet printer 100,
when driving to discharge the liquid from the nozzle 31,
the control unit 106 applies a drive voltage through the
pattern electrode 17 by the drive circuit to bend and de-
form the drive element portion, thereby discharging the
droplet from the nozzle 31 due to the volume change of
the pressure chamber 14.

[0051] According to the embodiment described above,
an ink jet head easy to manufacture can be provided.
That is, according to the embodiment described above,
since the electrode layer is not formed at the position
where the liquid-repellent film 15 is formed, patterning of
the electrode layer 16 can be easily performed. By irra-
diating with UV light having high linearity, a liquid-repel-
lent film can be formed at a predetermined location of
the groove 132 except for the side surface of the groove
132 with high positional accuracy even without using a
mask. By using UV light having a long wavelength of 330
nm or more, the bottom surface portion 1321 of the
groove 132 can be irradiated. Therefore, the electrodes
can be arranged at predetermined locations with high
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accuracy, and high ink discharge performance can be
ensured.

[0052] Accordingto the embodiment described above,
since the liquid-repellent film 15 is also formed on the top
surface portion 1311 of the actuator 13, extrusion of the
adhesive can be suppressed when the adhesive is ap-
plied. Since the extrusion of the adhesive can be reduced,
the thickness of the adhesive can be controlled and the
distance from the nozzle plate 30 can be controlled in
the adhesion between the nozzle plate 30 and the actu-
ator 13. Accordingly, heights of the laminated piezoelec-
tric elements 133 configuring the plurality of drive ele-
ment portions can be made uniform to reduce inclination
and distortion of the nozzle plate 30. In the embodiment
described above, by forming the liquid-repellent film 15
on the nozzle facing surface of the frame 20 as well, the
thickness of the adhesive layer on the frame 20 can be
controlled in addition to the actuator 13. Then, for exam-
ple, since the dimension from the main surface of the
base material 12 to the nozzle facing surface of the frame
20 can be controlled by adhering to the main surface of
the base material 12 through an adhesive sheet of ther-
moplastic resin, the height of the adhesive between the
nozzle plate 30 and the frame 20 can be controlled. Thus,
the heights of the actuator 13 and the frame 20 with re-
spect to the nozzle surface can be easily aligned, and
flatness of the nozzle plate 30 can be ensured. Since the
electrode is not provided on the bottom surface portion
of the groove 132, the dimension of the bottom portion
of the groove 132 can be reduced.

[0053] Accordingtothe embodiment described above,
ink can be supplied from the bottom surface portion of
the groove 132 by configuring the ink supply path 134 in
the bottom surface portion 1321 of the groove 132 con-
figuring the pressure chamber 14. Accordingly, by closing
both ends of the groove 132 that configures the air cham-
ber B and setting the electrode of the groove 132 that
configures the pressure chamber 14 to which the ink is
supplied to the GND, electrolysis and redox reaction can
be prevented. That is, in a structure in which ink is sup-
plied from a common ink chamber in the longitudinal di-
rection of the pressure chamber, when a voltage is ap-
plied tothe electrodes of the pressure chamber, a voltage
difference may occur in the common ink chamber. When
conductive ink such as water-based ink is used, electrol-
ysis may occur due to the potential difference, and the
ink may not be discharged. But, according to the embod-
iment described above, the actuator 13 can be driven
without applying a voltage to the ink and generating a
potential difference, by setting the electrode of the groove
132 configuring the pressure chamber 14 to the GND
and applying a voltage to the air chamber B as the dummy
chamber. Therefore, even when ink having high conduc-
tivity or containing an oxidizing agent or a reducing agent
is used, electrolysis or a redox reaction does not occur.
[0054] The exemplary embodimentis not limited to the
embodiments described above as itis, and at the imple-
mentation stage, can be embodied by modifying the con-
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stitutional elements without departing from the gist there-
of.

[0055] In the embodiment described above, a so-
called side shooter type ink jet head 1 is illustratively de-
scribed, but is not limited thereto. For example, the em-
bodiment may also be applied to an end shooter type ink
jet head. For example, a configuration in which a comb-
shaped actuator base including grooves that open in two
different directions blocks a predetermined direction dif-
ferent from the surface facing the nozzle plate by a plate-
shaped member as a first member may be adopted.
[0056] In the embodiment described above, although
an example in which the piezoelectric member 131 hav-
ing a plurality of grooves 132 is disposed on the main
surface portion of the base material 12 is illustratively
described, but is not limited thereto. For example, a con-
figuration in which an actuator is provided on the end
face of the base material 12 may also be adopted. The
number of nozzle rows is not limited to the embodiment
described above, a configuration in which one row or
three or more rows are provided may be adopted.
[0057] An example is illustratively described in which
the liquid-repellent film 15 to be irradiated with UV is
formed without using a mask when the bottom surface
portion 1321 inthe groove 132 and the top surface portion
1311 are irradiated with UV light to form the liquid-repel-
lent film 15, but is not limited thereto. For example, a
mask may be disposed as needed to perform patterning
when subjecting the bottom surface portion 1321 and the
top surface portion 1311 to UV irradiation.

[0058] In the embodiment described above, the actu-
ator base 10 including the laminated piezoelectric body
composed of the piezoelectric members 131 on the base
material 12 is illustratively described, but is not limited
thereto. For example, the actuator base 10 may be
formed only by a piezoelectric member without using a
substrate. One piezoelectric member may be used in-
stead of two piezoelectric members.

[0059] For example, a liquid to be discharged is not
limited to ink for printing, and, for example, an apparatus
that discharges a liquid containing conductive particles
for forming a wiring pattern of a printed wiring board may
also be adopted.

[0060] Inthe embodiment described above, an exam-
ple in which the ink jet head is used for a liquid discharge
apparatus such as an ink jet recording apparatus is illus-
tratively described, but is not limited thereto. For exam-
ple, the ink jet head can also be used for 3D printers,
industrial manufacturing machines, and medical applica-
tions, and can be reduced in size, weight, and cost.
[0061] According to at least one embodiment de-
scribed above, a liquid discharge head that is easy to
manufacture can be provided.

[0062] 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
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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 discharge head comprising:

a nozzle plate on which nozzles are formed;
an actuator disposed facing the nozzle plate and
provided with grooves configuring a plurality of
pressure chambers communicating with the
nozzles;

liquid-repellent films formed in a predetermined
first region on a surface of the actuator; and
electrode layers formed in a second region dif-
ferent from the first region in which the liquid-
repellent films are formed on the surface of the
actuator.

2. The liquid discharge head according to claim 1,
wherein
the actuator is provided with a plurality of drive ele-
ment portions and the grooves formed between the
plurality of drive element portions, and is provided
on a base material,
each of the electrode layers is formed at a predeter-
mined location on a side wall surface of each of the
grooves, a main surface of the base material, and a
side surface of the actuator, and
each of the liquid-repellent films is formed at a loca-
tion different from the electrode layer on a bottom
surface portion of each of the grooves, the main sur-
face of the base material, and the side surface of the
actuator.

3. Theliquid discharge head according to claim 1 or 2,
wherein
a supply path for supplying a liquid to the pressure
chamber is formed on the bottom surface portion of
the groove configuring the pressure chamber.

4. The liquid discharge head according to any one of
claims 1 to 3, wherein
the liquid-repellent films are formed on a facing sur-
face of the actuator facing the nozzle plate.

5. The liquid discharge head according to any one of
claims 1 to 4, further comprising:

aframe configured to surround the actuator and
adhered to the nozzle plate, wherein
liquid-repellent films are formed on the facing
surface of the frame facing the nozzle plate.
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6. A printer comprising:

the liquid discharge head according to any one
of claims 1 to 5; and

a conveyance device for conveying a medium
in a conveying direction in the printer.
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