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(54) LIQUID EJECTION HEAD AND LIQUID EJECTION APPARATUS

(57) Provided are a liquid ejection head and a liquid
ejection apparatus capable of eliminating dot misalign-
ment or density unevenness due to a drive pattern. A
liquid ejection head according to an embodiment in-
cludes a plurality of pressure chambers, an actuator, a
plurality of individual electrodes, anozzleplate, aplurality
of switching elements, and a plurality of electric resis-
tances. The actuator includes a plurality of piezoelectric
bodies that change volumes of the pressure chambers
according to a drive signal. The plurality of individual

electrodes are respectively provided on the plurality of
piezoelectric bodies. The nozzle plate has a plurality of
nozzles communicating with the plurality of pressure
chambers, respectively. The switching element selec-
tively connects the drive signal for the piezoelectric body.
The switching elements are electrically connected to the
plurality of individual electrodes. The electric resistances
electrically connect the individual electrodes of the piezo-
electric bodies adjacent to each other.
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Description

FIELD

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

BACKGROUND

[0002] A pushmode type piezoelectric inkjet head that
ejects ink as a liquid is known in related art. The ink jet
head includesaplurality of nozzles, apluralityof pressure
chambers, a vibration plate, and an actuator in which a
plurality of piezoelectric drive piezoelectric poles and a
plurality of support piezoelectric poles are alternately
formed and the poles are electrically connected to a drive
circuit. The actuator extends and contracts the drive
piezoelectric poles todisplace thevibrationplate, thereby
changing volumes of the pressure chambers to eject ink
from the nozzles.
[0003] However, when adjacent nozzles are driven
simultaneously, the support piezoelectric poles are de-
formed by a reaction force of a driving force of the
actuator, a generated pressure is lower than when a
single nozzle is driven, and an ejection speed or volume
of the ink decreases.When the ejection speed or volume
of the ink decreases, dot misalignment or density un-
evenness occurs due to a drive pattern.

DISCLOSURE OF INVENTION

[0004] To this end, there is provided a liquid ejection
head according to claim 1. Preferred embodiments are
set out in the dependent claims. There is also provided a
liquid ejection apparatus according to claim 15.

DESCRIPTION OF THE DRAWINGS

[0005]

FIG. 1 is a cross-sectional view showing a config-
uration of a liquid ejection head according to an
embodiment, with a part thereof omitted;
FIG. 2 is a cross-sectional view showing the config-
uration with a part thereof omitted;
FIG. 3 is a cross-sectional view showing the config-
uration with a part thereof omitted;
FIG. 4 is an explanatory view schematically showing
a configuration of an electric resistor;
FIG. 5 is an explanatory diagram showing a config-
uration of a drive circuit with a part thereof omitted;
FIG. 6 is an explanatory diagram showing the con-
figuration in an example of driving the liquid ejection
head;
FIG. 7 is an explanatory diagram showing an exam-
ple of voltages in the example;
FIG. 8 is an explanatory view schematically showing
a configuration of a liquid ejection apparatus;

FIG. 9 is an explanatory diagram showing a config-
uration of a drive circuit in an example of driving a
liquid ejection head according to another embodi-
ment; and
FIG. 10 is an explanatory diagram showing an ex-
ample of voltages in the example.

DETAILED DESCRIPTION

[0006] Ingeneral, according toanembodiment, a liquid
ejection head and a liquid ejection apparatus capable of
eliminating dot misalignment or density unevenness due
to a drive pattern is provided.
[0007] A liquid ejection head according to an embodi-
ment includes a plurality of pressure chambers, an ac-
tuator, aplurality of individual electrodes,anozzleplate, a
plurality of switching elements, and a plurality of electric
resistances. The actuator includes a plurality of piezo-
electric bodies that change volumes of the pressure
chambers according to a drive signal. The plurality of
individual electrodes are respectively provided on the
plurality of piezoelectric bodies. The nozzle plate has a
plurality of nozzles communicating with the plurality of
pressure chambers, respectively. The switching element
selectively connects the drive signal for the piezoelectric
body. The switching elements are electrically connected
to the plurality of individual electrodes. The electric re-
sistances electrically connect the individual electrodes of
the piezoelectric bodies adjacent to each other.
[0008] Hereinafter, an inkjet head 1 as a liquid ejection
head and an inkjet recording apparatus 100 as a liquid
ejection apparatus according to an embodiment will be
described with reference to FIGS. 1 to 8. FIGS. 1 to 3 are
cross-sectional views schematically showing a config-
uration of the inkjet head 1. FIG. 1 is a cross-sectional
view showing the configuration of the inkjet head 1 with a
part thereof omitted, FIG. 2 is a cross-sectional view
showing the configuration of the ink jet head 1 with a part
thereof omitted in a direction different from that of FIG. 1,
and FIG. 3 is a cross-sectional view showing the config-
uration of the ink jet head 1 in an example of driving
different from that of FIG. 2. FIG. 4 is an explanatory view
schematically showing a configuration of a second elec-
tric resistor 85, which is the configuration of the ink jet
head 1. FIG. 5 is an explanatory diagram showing a
configuration of a drive circuit 70 of the ink jet head 1
with a part thereof omitted, and FIG. 6 is an explanatory
diagram showing the configuration of the drive circuit 70
in an example of driving the ink jet head 1. FIG. 7 is an
explanatory diagram showing an example of voltages in
the example of driving the inkjet head 1. FIG. 8 is an
explanatory view schematically showing a configuration
of the inkjet recording apparatus 100 using the ink jet
head 1. In each of the drawings, the configuration is
shown enlarged, reduced, or omitted as appropriate for
a purpose of description.
[0009] As shown in FIGS. 1 to 4, the ink jet head 1
includesabase10, apair of actuators 20each includinga
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plurality of piezoelectric poles 21 and22, a vibration plate
30, a flow path member 40, a nozzle plate 50 having a
plurality of nozzles 51, a frame portion 60 as a structural
portion, and the drive circuit 70. The ink jet head1 formsa
plurality of pressure chambers 31 by the vibration plate
30, the flowpathmember40, and thenozzleplate50, and
ejects ink as a liquid within the pressure chambers 31
from the nozzles 51 by vibrating the vibration plate 30
using the piezoelectric poles 21 of the actuators 20.
[0010] The ink jet head 1 includes one or two actuators
20. For example, the two actuators 20 are arranged side
by side in a direction orthogonal to an arrangement
direction of the plurality of piezoelectric poles 21 and
22 as piezoelectric bodies.
[0011] The base 10 is a support member that supports
the actuators 20. The base 10 is formed in a block shape
or a plate shape, for example.
[0012] The actuators 20 are fixed to the base 10. The
actuator 20 includes theplurality of piezoelectric poles 21
and 22 that are piezoelectric members (piezoelectric
elements). The actuator 20 forms a piezoelectric pole
row by the plurality of piezoelectric poles 21 and 22. The
actuator 20 includes a plurality of drive piezoelectric
poles (piezoelectric bodies) 21, a plurality of support
piezoelectric poles (piezoelectric bodies) 22 alternately
arranged with the plurality of drive piezoelectric poles 21
along a row direction of the piezoelectric pole row, and a
coupling portion 26 integrally coupling the plurality of
piezoelectric poles 21 and 22 on a base 10 side. The
actuator 20 is formed of a laminated piezoelectric mem-
ber. Here, the laminated piezoelectric member is formed
by laminating a plurality of piezoelectric layers 211 and a
plurality of internal electrodes 221 and 222. The actuator
20 includes external electrodes 223 and 224 formed on
the plurality of drive piezoelectric poles 21.
[0013] For example, the laminated piezoelectric mem-
ber constituting the actuator 20 is formed by laminating
and sintering sheet-shaped piezoelectric materials on
which electrode layers as the internal electrodes 221
and 222 are formed. The actuator 20 forms grooves 23
by dicing the laminated piezoelectric member joined to
the base 10 in advance from an end surface opposite to
the base 10 side, thereby forming, at predetermined
intervals, the plurality of piezoelectric poles 21 and 22
each having a rectangular columnar shape. The external
electrodes 223 and 224 are provided on the plurality of
formed columnar piezoelectric members (piezoelectric
elements). Through these steps, the plurality of drive
piezoelectric poles 21 and the plurality of support piezo-
electric poles 22 are formed, which are alternately ar-
ranged in the coupling portion 26 and have the external
electrodes 223 and 224 formed on outer surfaces there-
of.
[0014] The plurality of drive piezoelectric poles 21 and
the plurality of support piezoelectric poles 22 are ar-
ranged in a longitudinal direction of the actuator 20 at
predetermined intervals. A vibration direction of the drive
piezoelectric poles21and thesupport piezoelectric poles

22 is a lamination direction of the plurality of piezoelectric
layers 211. The drive piezoelectric pole 21 is an actuator
that is driven by applying a voltage and vibrates the
vibration plate 30. The support piezoelectric pole 22 is
anon-drivenpiezoelectric pole that supports thevibration
plate 30 and is restricted fromvibrating the vibration plate
30 by the flow path member 40 even when a voltage is
applied thereto.
[0015] As an example, each of the plurality of drive
piezoelectric poles 21 and the plurality of support piezo-
electric poles 22 is formed in a rectangular columnar
shape having the same outer shape. The laminated
piezoelectric member is divided into a plurality of parts
byaplurality of grooves23havingapredetermineddepth
formed in the actuator 20 (laminated piezoelectric mem-
ber) except for the coupling portion 26, thereby forming
the plurality of drive piezoelectric poles 21 and the plur-
ality of support piezoelectric poles 22. For example, the
plurality of grooves 23 formed in the actuator 20 have the
same width and the same interval. Accordingly, the plur-
ality of drive piezoelectric poles 21 and the plurality of
support piezoelectric poles 22, which are alternately ar-
ranged, are arranged in one direction at the same pitch.
For example, each of the plurality of drive piezoelectric
poles 21 and the plurality of support piezoelectric poles
22 is formed in a rectangular columnar shape.
[0016] The plurality of drive piezoelectric poles 21 are
arranged at positions respectively facing the plurality of
pressure chambers 31 formed by the vibration plate 30,
theflowpathmember40,and thenozzleplate50,with the
vibration plate 30 interposed therebetween, in the lami-
nation direction of the plurality of piezoelectric layers 211.
As an example, for the drive piezoelectric poles 21 and
the pressure chambers 31, a center position in the drive
piezoelectric poles 21 in the row direction of the piezo-
electric pole row and a center position in the pressure
chambers 31 in the row direction of the piezoelectric pole
row are arranged in the lamination direction of the plur-
ality of piezoelectric layers 211 with the vibration plate 30
interposed therebetween.
[0017] The plurality of support piezoelectric poles 22
are arranged at positions respectively facing a plurality of
partitionwall portions 43 (described later) of the flowpath
member 40, with the vibration plate 30 interposed there-
between, in the lamination direction of the plurality of
piezoelectric layers211.Asanexample, a center position
in thesupport piezoelectric poles22 in the rowdirectionof
the piezoelectric pole row and a center position in the
partition wall portions 43 in the same direction as the row
direction of the piezoelectric pole row are arranged in the
lamination direction of the plurality of piezoelectric layers
211.
[0018] The plurality of drive piezoelectric poles 21 and
the plurality of support piezoelectric poles 22 include the
plurality of piezoelectric layers 211 laminated in a Z
direction, and the internal electrodes 221and222 formed
on main surfaces of the piezoelectric layers 211. As an
example, the drive piezoelectric pole 21 and the support
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piezoelectric pole 22 have the same laminated structure.
Thedrivepiezoelectric pole21each includes theexternal
electrodes 223 and 224 as surface wirings formed on the
surfaces.
[0019] The piezoelectric layer 211 is formed in a thin
plate shape fromapiezoelectric ceramicmaterial suchas
a PZT (lead zirconate titanate) based material or a lead-
free KNN (sodium potassium niobate) based material. A
thickness direction of the piezoelectric layer 211 is along
the lamination direction in which the plurality of piezo-
electric layers 211 are laminated. The plurality of lami-
nated piezoelectric layers 211 are bonded to each other.
In the present embodiment, the thickness direction and
the laminationdirectionof thepiezoelectric layers211are
along a vibration direction of the piezoelectric poles 21
when driven.
[0020] The laminated piezoelectric member forming
the drive piezoelectric poles 21 and the support piezo-
electric poles 22 may further include a dummy layer 212
oneither or both of endportions on thebase10side anda
nozzle plate 50 side. The dummy layer 212 is formed of,
for example, the samematerial as the piezoelectric layer
211, has an electrode only on one side, and is not de-
formed because no electric field is applied thereto. For
example, the dummy layer 212 does not function as a
piezoelectric body, but serves as a base for fixing the
actuator 20 to the base 10, or serves as a polishing
allowance for polishing to improve accuracy during and
after assembly.
[0021] The internal electrodes 221 and 222 are con-
ductive films formed of a sinterable conductive material
such as silver palladium, and each having a predeter-
mined shape. The internal electrodes 221 and 222 are
formed in predetermined regions on themain surfaces of
the piezoelectric layers 211. The internal electrodes 221
and 222 have different poles.
[0022] For example, one internal electrode 221 is
formed in a region that reaches one end of the piezo-
electric layer 211 but does not reach the other end of the
piezoelectric layer 211 in a width direction orthogonal to
both the row direction and the vibration direction, which
are the arrangement direction of the plurality of drive
piezoelectric poles 21 and the plurality of support piezo-
electric poles 22. Hereinafter, the internal electrode 221
may be referred to as a first internal electrode 221.
[0023] The other internal electrode 222 is formed in a
region that does not reach one end of the piezoelectric
layer 211 but reaches the other end of the piezoelectric
layer 211 in the width direction orthogonal to both the row
direction and the vibration direction. Hereinafter, the
internal electrode 222 may be referred to as a second
internal electrode 222.
[0024] The external electrodes 223 and 224 are
formed on the surfaces of each of the plurality of drive
piezoelectric poles 21, and are formed by collecting end
portions of the internal electrodes 221 and 222. For
example, the external electrode 223 is formed on one
end surface of the piezoelectric layer 211 in the width

direction. Hereinafter, the external electrode 223 may be
referred to as a first external electrode 223. The external
electrode 224 is formed on the other end surface of the
piezoelectric layer 211 in thewidth direction. Theexternal
electrode 224may extend to an end surface of the piezo-
electric layer 211 on the base 10 side. Hereinafter, the
external electrode 224 may be referred to as a second
external electrode 224.
[0025] The external electrodes 223 and 224 are
formed of Ni, Cr, Au, or the like by a known method such
as plating or sputtering. The external electrode 223 and
the external electrode 224 have different poles. The first
external electrode223and the secondexternal electrode
224 are respectively formed on different side surfaces of
each of the plurality of drive piezoelectric poles 21.
[0026] In the present embodiment, as an example, the
first external electrode 223 is an individual electrode, and
the second external electrode 224 is a common elec-
trode. As shown in FIG. 4, the first external electrode 223
is formed on each of the plurality of drive piezoelectric
poles 21. One second external electrode 224 is provided
and connects all of the plurality of drive piezoelectric
poles 21. The plurality of first external electrodes 223
and the single second external electrode 224 are dis-
posed independently of each other.
[0027] The first external electrode 223 is connected to
a plurality of first internal electrodes 221 formed in one
drive piezoelectric pole 21. For example, the single sec-
ond external electrode 224 is a ground electrode. The
single second external electrode 224 is connected to the
plurality of second internal electrodes 222 formed in the
plurality of provided drive piezoelectric poles 21.
[0028] The plurality of first external electrodes 223 and
the single second external electrode 224 are connected
to an FPC 71 serving as a flexible substrate (described
later) of the drive circuit 70. For example, the single
secondexternal electrode224 is providedon facingouter
surfaces of the pair of actuators 20.
[0029] For example, the individual external electrodes
223 and 224 are connected to a control unit 116 serving
asadriveunit via thedrive circuit 70, andasignal capable
of driving and controlling each piezoelectric pole 21 is
input under the control of a control circuit 1161.
[0030] When the drive signal is input to the internal
electrodes 221 and 222 via the external electrodes 223
and 224 and an electric field is applied, the piezoelectric
pole 21 is displaced in a d33 direction, and the vibration
direction of the piezoelectric pole 21 is along the lamina-
tion direction of the piezoelectric layers 211.
[0031] Specifically, when a voltage is applied to the
internal electrodes 221 and 222 via the external electro-
des 223 and 224, the drive piezoelectric pole 21 vibrates
longitudinally along the lamination direction of the piezo-
electric layers 211. Longitudinal vibration referred to here
is, for example, "vibration in the thickness direction de-
fined by the piezoelectric constant d33". The drive piezo-
electric pole 21 displaces the vibration plate 30 in the
lamination direction of the piezoelectric layers 211 by the
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longitudinal vibration to deform thepressure chamber31.
[0032] As an example, each piezoelectric pole 21 in-
cludes3ormoreand50or lesspiezoelectric layers 211, a
thicknessofeachpiezoelectric layer211 is10µmormore
and 40µmor less, and a product of the thickness and the
total number of laminated layers is less than 1000 µm.
[0033] The vibration plate 30 is fixed to end portions of
the plurality of drive piezoelectric poles 21 and the plur-
ality of support piezoelectric poles 22 of the pair of
actuators 20 on a side opposite to the coupling portion
26 in the Z direction. In other words, the vibration plate 30
is joined to surfaces of the plurality of piezoelectric poles
21 and 22 opposite to the base 10 in the vibration direc-
tion of the plurality of piezoelectric poles 21, that is,
surfaces of the plurality of piezoelectric poles 21 and
22 on the nozzle plate 50 side.
[0034] The vibration plate 30 is formed in a flat plate
shape. The vibration plate 30 is, for example, a metal
plate. The vibration plate 30 is deformable by deforma-
tion of thedrive piezoelectric poles21. Thevibration plate
30 forms thepressure chambers 31 togetherwith the flow
path member 40 and the nozzle plate 50. The vibration
plate 30 extends in the arrangement direction (row direc-
tion) of the plurality of piezoelectric poles 21 and 22. That
is, thevibrationplate30extendsalongaplaneorthogonal
to the vibration direction of the piezoelectric poles 21.
Onemain surface of the vibration plate 30 is joined to the
drive piezoelectric poles 21 and the support piezoelectric
poles 22 of the actuator 20, and the frameportion 60. The
othermain surface of the vibration plate 30 is joined to the
flow path member 40.
[0035] As an example, the vibration plate 30 is formed
of a nickel or SUS plate, and a thickness dimension
thereof along the vibration direction is approximately 5
µm to 15 µm. The vibration plate 30 may have a fold or
step formed at a portion adjacent to a vibration portion
that vibrates due to driving of the drive piezoelectric poles
21 or between vibration portions adjacent to each other
so as to be easily displaced by the driving of the drive
piezoelectric poles 21.
[0036] The vibration plate 30 has, in a region joined to
the frame portion 60, a through hole 33 communicating
with a common chamber 61 (described later) formed in
the frame portion 60. For example, the through hole 33
may be provided with a filter having a large number of
pores through which a liquid can pass. One or more
through holes 33 may be formed.
[0037] The flow path member 40 is provided between
the vibration plate 30 and the nozzle plate 50. The flow
pathmember 40 includes aperipheral wall portion 41and
the plurality of partition wall portions 43. When two ac-
tuators 20are provided, a divisionwall portion is provided
to divide the pressure chambers 31 driven by the actua-
tors 20. The peripheral wall portion 41 and the partition
wall portions 43 are provided between the vibration plate
30 and the nozzle plate 50 to form, together with the
vibration plate 30 and the nozzle plate 50, a predeter-
mined ink flow path including the plurality of pressure

chambers 31 separated fromeach other and a plurality of
individual flow paths 32 separated from each other and
allowing the pressure chambers 31 to communicate with
the common chamber 61.
[0038] The peripheral wall portion 41 surrounds a re-
gion forming the plurality of pressure chambers 31 and
the plurality of individual flow paths 32 between the
vibration plate 30 and the nozzle plate 50. The plurality
of partition wall portions 43 partition a region in the
peripheral wall portion 41 into the plurality of pressure
chambers 31 and the plurality of individual flow paths 32.
That is, both side walls of the plurality of pressure cham-
bers 31 (the plurality of individual flow paths 32) in a
parallel direction are formed by the partition wall portions
43. The plurality of partition wall portions 43 are provided
at positions facing the support piezoelectric poles 22with
the vibration plate 30 interposed therebetween in the Z
direction. Accordingly, the partition wall portions 43 re-
strict displacement of the support piezoelectric poles 22
at portions of the support piezoelectric poles 22 and the
vibration plate 30 where the support piezoelectric poles
22 are fixed.
[0039] The plurality of pressure chambers 31 are
spaces formed on one side of a vibration region of the
vibration plate 30, and communicate with the common
chamber 61 via the individual flow paths 32 and the
through hole 33. The plurality of pressure chambers 31
communicate with the nozzles 51 formed in the nozzle
plate 50. The pressure chambers 31 are closed by the
vibration plate 30 on a side opposite to the nozzle plate
50.
[0040] The plurality of nozzles 51 are formed in the
nozzle plate 50 at positions facing the plurality of pres-
sure chambers 31. The nozzle plate 50 is formed of a
metal such as SUS or Ni, or a resin material such as
polyimide, and has a rectangular plate shape with a
thickness of approximately 10µm to 100µm. The nozzle
plate 50 is joined to surfaces of the peripheral wall portion
41 and the partition wall portions 43 opposite to the
vibration plate 30 so as to cover openings of the pressure
chambers 31 on one side.
[0041] The plurality of nozzles 51 are arranged in the
same direction as the parallel direction of the plurality of
pressurechambers31 to formanozzle row.For example,
in a configuration in which one actuator 20 is provided,
one row of the nozzles 51 is provided, and in a config-
uration in which the pair of actuators 20 are provided, two
rows of the nozzles 51 are provided.
[0042] The frame portion 60 is a structure joined to the
vibration plate 30 together with the piezoelectric poles 21
and 22. A pair of frame portions 60 are provided on main
surfaces of the piezoelectric poles 21 and 22 and the
vibration plate 30 on a side opposite to the peripheral wall
portion 41. For example, the pair of frame portions 60 are
adjacent to the actuator 20. The frame portions 60 con-
stituteanouter shell of the ink jet head1.Forexample, the
common chamber 61 serving as a flow path of a liquid is
formed inside the frame portion 60. The common cham-
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ber61 is formed inside the frameportion60.Thecommon
chamber 61 communicates with the through hole 33
formed in the vibration plate 30, and communicates with
the pressure chambers 31 through the individual flow
paths 32. For example, the pair of frame portions 60 in
each of which the common chamber 61 is formed are
provided, a pair of individual flow paths 32 are provided,
and the pair of individual flow paths 32 are connected to
the pair of common chambers 61, respectively. For ex-
ample, one common chamber 61 and one individual flow
path 32 are used to supply ink to the pressure chamber
31, and the other common chamber 61 and the other
individual flow path 32 are used to discharge ink from the
pressure chamber 31. The pair of common chambers 61
and the pair of individual flow paths 32 may be used for
supplying ink, or may be commonly used for supplying
and discharging ink.
[0043] The drive circuit 70 includes the flexible printed
circuit (FPC)71havingoneendconnected to theexternal
electrodes 223 and 224, a drive IC 72 mounted on the
FPC 71, and a printed wiring board 73 mounted on the
other end of the FPC 71.
[0044] Thedrivecircuit 70drives thedrivepiezoelectric
pole 21 by applying a drive voltage to the external elec-
trodes 223 and 224 by the drive IC 72, increases or
decreases a volume of the pressure chamber 31, and
causes droplets to be ejected from the nozzle 51.
[0045] The FPC 71 is connected to one side surface of
the laminated piezoelectric member and is connected to
the plurality of external electrodes 223and 224. A chip on
film (COF) on which the drive IC 72 is mounted as an
electronic component is used as the FPC 71.
[0046] The drive IC 72 is connected to the external
electrodes 223and 224 via theFPC71. The drive IC72 is
an electronic component used for ejection control.
[0047] The drive IC 72 generates a control signal and a
drive signal for operating each drive piezoelectric pole
21. The drive IC 72 generates the control signal for
controlling a timing of ejecting the ink and selection of
thedrivepiezoelectric pole21 toeject the inkaccording to
an image signal received from the control unit 116 of the
ink jet recordingapparatus100onwhich the ink jet head1
is mounted. The drive IC 72 generates a voltage to be
applied to the drive piezoelectric pole 21, that is, the drive
signal, according to thecontrol signal from thecontrol unit
116. When the drive IC 72 applies the drive signal to the
drive piezoelectric pole 21, the drive piezoelectric pole 21
is driven so as to displace the vibration plate 30 and
change a volume of the pressure chamber 31. Accord-
ingly, the ink filled in the pressure chamber 31 generates
pressure vibration. Due to the pressure vibration, the ink
is ejected from the nozzle 51 communicating with the
pressure chamber 31. The ink jet head 1may implement
gradation expression by changing an amount of ink dro-
plets that landononepixel. The inkjet head1maychange
the amount of ink droplets that land on one pixel by
changing the number of times of ink ejection. In this
way, the drive IC 72 is an example of an application unit

that applies the drive signal to the drive piezoelectric pole
21.
[0048] For example, the drive IC 72 includes a data
buffer, a decoder, and a driver. The data buffer stores
printing data in time series for each drive piezoelectric
pole 21. The decoder controls the driver based on the
printing data stored in the data buffer for each drive
piezoelectric pole 21. The driver outputs a drive signal
for operating each drive piezoelectric pole 21 based on
the control of the decoder. The drive signal is, for exam-
ple, a voltage applied to each drive piezoelectric pole 21.
[0049] The printed wiring board 73 is a printing wiring
assembly (PWA) on which various electronic compo-
nents and connectors are mounted, and includes a head
control circuit 731. The printed wiring board 73 is con-
nected to the control unit 116 of the ink jet recording
apparatus 100.
[0050] The drive circuit 70 selects and supplies a drive
signal or a standby voltage to the plurality of drive piezo-
electric poles 21 based on a command from the control
unit 116 of the ink jet recording apparatus 100 and the
printing data. The drive circuit 70 drives the drive piezo-
electric pole 21 using single nozzle driving and multi-
nozzle simultaneousdrivingasadrivepattern.Thesingle
nozzle driving is a drive pattern in which the adjacent
drive piezoelectric poles 21 are not driven, a drive signal
is applied to the first external electrode 223 in one chan-
nel, and one drive piezoelectric pole 21 is driven. The
multi-nozzle simultaneous driving is a drive pattern in
which a drive signal is applied to the first external elec-
trodes223 in a plurality of channels, andall of the plurality
of drive piezoelectric poles 21 or a part of the adjacent
drive piezoelectric poles 21 are driven simultaneously.
[0051] As shown in FIG. 5, the drive circuit 70 includes
a drive signal source 81 that outputs a drive signal to be
applied to the first external electrode 223 which is an
individual electrode, a standby voltage source 82 that
outputs a standby voltage to be applied to the second
external electrode 224 which is a common electrode,
switching elements 83 that selectively connect the drive
piezoelectric poles 21 to one of the drive signal source 81
and the standby voltage source 82, a plurality of first
electric resistors 84 that are internal resistances of the
switching elements 83 between the drive piezoelectric
poles 21 and the drive signal source 81 or the standby
voltage source 82, and a single or a plurality of second
electric resistors 85 that connect adjacent drive piezo-
electric poles 21 that are at least a part of the plurality of
drive piezoelectric poles 21 among the plurality of drive
piezoelectric poles 21.
[0052] The switching element 83 is switched based on
the printing data. The switching element 83 connects the
drive piezoelectric pole 21, which is driven to eject ink, to
the drive signal source 81, and connects the non-driven
drive piezoelectric pole 21, which does not cause ink to
beejected, to thestandbyvoltagesource82.Theplurality
of switching elements 83are included in, for example, the
drive IC 72.
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[0053] The first electric resistor 84 is an internal resis-
tance of the switching element 83. Here, a resistance
value of the first electric resistor 84 is RA. A resistor may
be added to the first electric resistor 84 in series with the
switching element 83 outside the switching element 83.
At this time, the resistance value RA of the first electric
resistor 84 is a sum of the internal resistance of the
switching element 83 and a resistance added outside
the switching element 83.
[0054] Between the drive piezoelectric pole 21 and the
switching element 83, the second electric resistor 85
electrically connects the first external electrodes 223,
which are individual electrodes of a part of adjacent drive
piezoelectric poles 21, with a predetermined resistance
value. That is, the second electric resistor 85 includes a
plurality of electric resistances 851 provided between the
first external electrodes 223 of the adjacent drive piezo-
electric poles21.Here, thenumberof electric resistances
851 is n‑1, where n is the number of first external electro-
des 223 to be connected. Here, a resistance value of the
electric resistance 851 is RB. As the resistance value RB
of the electric resistance 851 decreases, an ejection
speed or an ejection volume during the single nozzle
driving decreases. Therefore, the resistance value RB of
the electric resistance 851 is set to match the ejection
speed and the ejection volume for the multi-nozzle si-
multaneous driving. Here, a reduction rate D of a voltage
amplitude with respect to the multi-nozzle simultaneous
driving during the single nozzle driving is D = 2/(3 +
RB/RA).
[0055] The second electric resistor 85 is formed of, for
example, a thin film formed over the first external elec-
trodes 223 of the plurality of drive piezoelectric poles 21
that are formed in the actuator 20 and subjected to multi-
nozzle simultaneous driving. As a specific example, the
second electric resistor 85 electrically connects the first
external electrodes223of all thedrive piezoelectric poles
21. A plurality of second electric resistors 85 may be
provided, and the second electric resistors 85 may con-
nect the first external electrodes 223 of a part of the drive
piezoelectric poles 21 that are subjected to multi-nozzle
simultaneous driving.
[0056] The second electric resistor 85 is formed of, for
example, a metal with high resistivity such as a nickel-
chromium alloy or titanium, or a carbon film (carbon). A
thickness of the second electric resistor 85 is several
nanometers to several micrometers, and is formed by
forming a film by vacuum deposition, sputtering, or the
like, or printing by a printing method such as screen
printing.
[0057] As a specific example, the second electric re-
sistor 85 extends in an arrangement direction of the first
external electrodes 223, and is formed of a thin film
having a uniform width in a direction (width direction)
orthogonal to a longitudinal direction and a thickness
direction. The plurality of electric resistances 851 formed
in the second electric resistor 85 are formed by, for
example, trimming portions 852 formed by a plurality of

slits 853 formed between the plurality of first external
electrodes 223 by laser processing or the like. In other
words, in the second electric resistor 85, the plurality of
electric resistances851are formedbypartially narrowing
awidth and increasing a length, due to the plurality of slits
853 formed between adjacent first external electrodes
223 to be connected.
[0058] The resistance value RB of the electric resis-
tance 851 can be set by adjusting a shape of the trimming
portion 852, specifically, the number, length, and width of
the slits 853. In an example in FIG. 4, the trimming
portions 852 are formed by alternately forming three
rectangular slits 853arranged in the longitudinal direction
of the second electric resistor 85 so as to be shifted in the
width direction orthogonal to the longitudinal direction
and the thickness direction of the second electric resistor
85. The number, width, length, and shape of the slits 853
are appropriately set according to the resistance value
RB of the electric resistance 851. Therefore, the slit 853
may not be rectangular, but may have a shape that is
elongated in the width direction of the second electric
resistor 85 and is curved in end portions, a semicircular
shape, a polygonal shape other than a rectangular
shape, or the like.
[0059] In the present embodiment, the second electric
resistor 85 is an integral thin film on the actuator 20 so as
to connect the plurality of first external electrodes 223,
and the plurality of trimming portions 852 are provided to
form the plurality of electric resistances 851. However,
the second electric resistor 85 is not limited to this con-
figuration, and for example, the second electric resistor
85 may be configured such that the electric resistances
851are provided between the switching elements 83 and
the first external electrodes 223 that perform the multi-
nozzle simultaneous driving, and between a plurality of
adjacent first external electrodes 223. For example, the
secondelectric resistor 85maybeprovided in theFPC71
or the drive IC 72. The second electric resistor 85may be
formedof asemiconductor suchasa transistor.However,
it is desirable that the resistance value RB of the electric
resistance 851 can be adjusted for the second electric
resistor 85 by trimming or the like.
[0060] According to the ink jet head 1 configured as
described above, when the switching element 83 is
switched and a voltage is applied to the drive piezo-
electric pole 21 according to a drive signal, the drive
piezoelectric pole 21 extends. The extended drive piezo-
electric pole 21 deforms the vibration plate 30, and a
volume of the pressure chamber 31 decreases. That is,
the vibration plate 30 applies a pressure to ink in the
pressure chamber 31, and ink droplets are ejected from
the nozzle 51. When a certain drive piezoelectric pole 21
extends, the support piezoelectric pole 22 also extends
due to a mechanical reaction force.
[0061] In general, in a case of single nozzle driving, as
shown in FIG. 2, since the drive piezoelectric pole 21
adjacent to the drive piezoelectric pole 21 that is driven is
not driven, extension of the support piezoelectric pole 22

5

10

15

20

25

30

35

40

45

50

55



8

13 EP 4 520 534 A1 14

is small. In general, in a case of multi-nozzle simulta-
neous driving, as shown in FIG. 3, adjacent drive piezo-
electric poles 21 are driven simultaneously and thus
extension of the support piezoelectric pole 22 between
the drive piezoelectric poles 21 that are driven becomes
large.
[0062] Therefore, in a related-art inkjet head that does
not include the second electric resistor 85, a deformation
amount of the vibration plate 30 with respect to a defor-
mation amount of the drive piezoelectric pole 21 is smal-
ler in the multi-nozzle simultaneous driving than in the
single nozzle driving. Since the deformation amount of
the vibration plate 30 in the multi-nozzle simultaneous
driving is smaller than that in the single nozzle driving, a
pressure generated in the pressure chamber 31 is smal-
ler in the multi-nozzle simultaneous driving than in the
single nozzle driving according to the related-art techni-
que. Therefore, a speed or volume of ink droplets to be
ejected may vary depending on a printing pattern, result-
ing in a so-called crosstalk problem that deteriorates
printing quality.
[0063] In contrast, as shown in FIGS. 4 to 6, the ink jet
head 1 according to the embodiment electrically con-
nects the adjacent first external electrodes 223 that per-
form themulti-nozzle simultaneous driving by the second
electric resistor 85, and includes the electric resistances
851 between the first external electrodes 223. Accord-
ingly, in the case of the single nozzle driving, a part of a
current of a drive signal applied to the first external
electrode 223 provided on the drive piezoelectric pole
21 that is driven flows through the electric resistance 851
to the first external electrode 223 of the adjacent drive
piezoelectric pole 21. Therefore, a voltage amplitude for
driving the drive piezoelectric pole 21 is reduced. In the
case of the multi-nozzle simultaneous driving, since vol-
tages of the plurality of first external electrodes 223 that
are driven simultaneously are the same, no current flows
through the electric resistance 851, and a voltage am-
plitude is not reduced.
[0064] In this way, due to the second electric resistor
85, a pressure generated in the pressure chamber 31
when a single nozzle is driven is lowered, and thus it is
possible to make the generated pressure generated in
the pressure chamber 31 the same or approximate in the
single nozzle driving and the multi-nozzle simultaneous
driving. Therefore, the inkjet head 1 can eliminate dot
misalignment or density unevenness due to the drive
pattern.
[0065] For example, in an example in FIG. 6, the single
nozzle driving and the multi-nozzle simultaneous driving
are performed in six channels ChA to ChF. In FIG. 6, the
drive piezoelectric poles 21 in the channels ChA to ChF
are denoted by CA to CF, respectively, and the first
electric resistors 84 provided between the drive piezo-
electric poles CAto CF and the switching elements 83 in
the channels ChA to ChF are denoted by 841 to 846,
respectively. The electric resistances 851 of the second
electric resistor 85 provided between the first external

electrodes 223 of the drive piezoelectric poles CA to CF
are denoted by 8511 to 8515. For example, in the ex-
ample in FIG. 6, the drive piezoelectric pole CB in the
channelChB is subjected to singlenozzledriving, and the
drive piezoelectric polesCD toCF in the channelsChD to
ChF are subjected to multi-nozzle simultaneous driving.
Accordingly, the ink is not ejected from the nozzles 51 in
the channels ChA and ChC, and the ink is ejected from
the nozzles 51 in the channelsChBandChD toChF. FIG.
7 showsanexample of a simulation of voltages applied to
the drive piezoelectric poles CA to CF (first external
electrodes 223) in the example shown in FIG. 6. Here,
voltage values applied to the drive piezoelectric polesCA
to CF are denoted by VAto VF, respectively. In FIG. 7, a
vertical axis represents voltage and a horizontal axis
represents time.
[0066] As shown in FIG. 7, a voltage amplitude of the
voltage value VB of the drive piezoelectric pole CB that is
subjected to single nozzle driving is smaller than voltage
amplitudes of the voltage values VD to VF of the drive
piezoelectric poles CD to CF that are subjected to multi-
nozzle simultaneous driving. Therefore, a phenomenon
of crosstalk inwhichapressuregenerated in thepressure
chamber 31 is smaller in the multi-nozzle simultaneous
driving than in the single nozzle driving is corrected, and
the pressure generated in the pressure chamber 31
becomes substantially the same value in the single noz-
zledrivingand themulti-nozzlesimultaneousdriving,and
a crosstalk problem that deteriorates printing quality due
to variations in speed or volume of ink droplets ejected
depending on a printing pattern is solved. The voltage
values VA and VC of the non-driven drive piezoelectric
poles CA and CC adjacent to the drive piezoelectric pole
CB subjected to the single nozzle driving are standby
voltages. A slight voltage amplitude occurs between the
voltage value VA and the voltage value VC, and aminute
pressure is generated in the pressure chamber 31, but a
problem of ink being ejected from a non-driven nozzle
does not occur since a pressure sufficient to cause ink to
be ejected is not generated.
[0067] Hereinafter, an example of the inkjet recording
apparatus 100 including the ink jet head 1 will be de-
scribed with reference to FIG. 9. The inkjet recording
apparatus 100 includes a housing 111, a medium supply
unit 112, an image forming unit 113, a medium discharge
unit 114, a conveyance device 115, and the control unit
116.
[0068] The inkjet recording apparatus 100 is a liquid
ejection apparatus that performs image forming proces-
sing on a sheet P by ejecting a liquid such as ink while
conveying the sheet P as a print medium that is an ej
ection target along a predetermined conveyance path R
from the medium supply unit 112 to the medium dis-
charge unit 114 through the image forming unit 113.
[0069] Thehousing111constitutesanouter shell of the
ink jet recording apparatus 100. A discharge port through
which the sheet P is to be discharged to the outside is
provided at a predetermined position of the housing 111.
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[0070] Themedium supply unit 112 includes a plurality
of sheet feedcassettes, andcanstackandholdaplurality
of sheets P of various sizes.
[0071] The medium discharge unit 114 includes a
sheet discharge tray that canhold the sheetPdischarged
from the discharge port.
[0072] The image forming unit 113 includes a support
portion 117 that supports the sheet P, and a plurality of
head units 130 that face the support portion 117 above
the support portion 117.
[0073] The support portion 117 includes a conveyance
belt 118 provided in a loop shape in a predetermined
region where image formation is performed, a support
plate 119 that supports the conveyance belt 118 from a
back side, and a plurality of belt rollers 120 provided on
the back side of the conveyance belt 118.
[0074] During image formation, the support portion117
supports the sheetP on a holding surface that is an upper
surface of the conveyance belt 118, and conveys the
sheet P downstreamby sending the conveyance belt 118
at a predetermined timing by rotation of the belt rollers
120.
[0075] The head unit 130 includes a plurality of (for
example, four colors) inkjet heads 1, ink tanks 132 as
liquid tanks respectively mounted on the inkjet heads 1,
connection flowpaths 133 that connect the inkjet heads 1
and the ink tanks 132, and supply pumps 134.
[0076] In the present embodiment, for example, the
inkjet heads 1 of four colors: cyan, magenta, yellow, and
black, and the ink tanks 132 that respectively store ink of
these colors are provided. The ink tank 132 is connected
to the ink jet head 1 by the connection flow path 133.
[0077] A negative pressure control device such as a
pump (not shown) is connected to the ink tank 132. A
negative pressure in the ink tank 132 is controlled by the
negativepressurecontrol deviceaccording towaterhead
values of the ink jet head 1 and the ink tank 132, thereby
forming the ink supplied to each nozzle 51 of the inkjet
head 1 into a meniscus having a predetermined shape.
[0078] The supply pump 134 is, for example, a liquid
sending pump formed of a piezoelectric pump. The sup-
ply pump 134 is provided in the supply flow path. The
supply pump 134 is connected to the control circuit 1161
of the control unit 116 through a wiring and can be
controlled by the control unit 116. The supply pump
134 supplies a liquid to the ink jet head 1.
[0079] The conveyance device 115 conveys the sheet
P along the conveyance path R from the medium supply
unit 112 to the medium discharge unit 114 through the
image forming unit 113. The conveyance device 115
includes a plurality of guide plate pairs 121 disposed
along the conveyance path R and a plurality of convey-
ance rollers 122.
[0080] Each of the plurality of guide plate pairs 121
includesapair of platemembers facingeachotheracross
the sheet P to be conveyed, and guides the sheet P along
the conveyance path R.
[0081] The conveyance roller 122 is driven and rotated

under the control of the control unit 116, thereby convey-
ing the sheet P downstream along the conveyance path
R. Sensors that detect a state of sheet conveyance are
disposed at various locations in the conveyance path R.
[0082] The control unit 116 includes a control circuit
1161suchasacentral processingunit (CPU) servingasa
controller, a read onlymemory (ROM) that stores various
programs, a random access memory (RAM) that tem-
porarily 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.
[0083] In the ink jet recording apparatus 100 config-
ured as described above, for example, when the control
unit 116 detects a print instruction by a user operating an
operation input unit at an interface, the control unit 116
drives the ink jet head1by driving the conveyancedevice
115 to convey the sheet P and outputting a printing signal
to the head unit 130 at a predetermined timing. As an
ejection operation, the inkjet head 1 transmits a drive
signal to the drive IC 72 according to an image signal
corresponding to image data, and applies a drive voltage
to the internal electrodes 221 and 222 to selectively drive
the drive piezoelectric pole 21 for an ejection target, for
example, to vibrate the drive piezoelectric pole 21 verti-
cally in a lamination direction, thereby changinga volume
of thepressure chamber 31 toeject ink from thenozzle51
and forman imageon thesheetPheldon theconveyance
belt 118. As the liquid ejection operation, the control unit
116 drives the supply pump134 to supply the ink from the
ink tank132 to the commonchamber 61of the inkjet head
1.
[0084] In the ink jet head 1 and the ink jet recording
apparatus 100 according to the embodiment described
above, since the electric resistances 851 are provided
between the plurality of first external electrodes 223 that
individually apply voltages to the plurality of drive piezo-
electric poles 21, dot misalignment or density uneven-
ness due to the drive pattern can be eliminated.
[0085] The embodiment is not limited to the example
described above. For example, in the example described
above, thedrive circuit 70 switches the switchingelement
83 to apply a standby voltage to the support piezoelectric
pole 22 that does not cause ink to be ejected, but the
embodiment is not limited thereto. For example, the
switching element 83 may disconnect the support piezo-
electric pole 22, which does not cause ink to be ejected,
from the drive signal source 81. For example, FIG. 10
shows an example of a simulation of voltages applied to
the drive piezoelectric poles CA to CF (first external
electrodes 223) in the example shown in FIG. 9. As
shown in FIG. 10, even when the inkjet head 1 opens
the first external electrode 223 in a non-ejection channel,
it is found that a voltage amplitude during single nozzle
driving is reduced, and deterioration in printing quality
due to crosstalk can be prevented. However, since the
drive piezoelectric pole 21 that does not cause ink to be
ejected is also charged and discharged, energy con-
sumptionmay increase, ormeniscus variationmay occur
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in the non-ejection nozzle 51, which may cause a pro-
blem when there is a subsequent ink ejection operation.
[0086] In a configuration in which the first external
electrode 223 is opened during non-ejection, among
the plurality of drive piezoelectric poles 21 (first external
electrodes 223) electrically connected by the second
electric resistor 85, a so-called edge may occur in which
a voltage difference occurs between the drive piezoelec-
tric pole 21 (first external electrode 223) located at anend
portion and the adjacent drive piezoelectric pole 21.
Therefore, in order to prevent occurrence of an edge in
a printing range, among the plurality of drive piezoelectric
poles21connectedby the secondelectric resistor 85, the
drive piezoelectric pole 21 located at the end portionmay
be used as a dummy that is not to be driven, or the same
voltageas the seconddrivepiezoelectric pole 21 from the
end portion may be applied without providing the corre-
sponding nozzle 51.
[0087] In the example described above, the second
electric resistor 85extends inanarrangementdirectionof
the first external electrodes 223, and is formed of a thin
film having a uniformwidth in a direction (width direction)
orthogonal to a longitudinal direction and a thickness
direction, but the embodiment is not limited thereto.
For example, a width of the second electric resistor 85
maybepartially changed inorder to increasea resistance
difference between a region connected to the first ex-
ternal electrode 223 and the trimming portion 852 con-
stituting the electric resistance 851. For example, the
second electric resistor 85 may be configured such that
a width of the region connected to the first external
electrode 223 in the direction orthogonal to the long-
itudinal direction and the thickness direction is larger
than a width of a region forming the electric resistance
851.
[0088] In the example described above, the liquid ejec-
tion apparatus 100 ejects ink as a liquid from the liquid
ejection head 1, but the liquid is not limited to ink. That is,
the liquid ejection head 1 and the liquid ejection appara-
tus 100 can be used for 3D printers, industrial manufac-
turing machines, and medical applications, for example,
and can eject various liquids.
[0089] According to at least one embodiment de-
scribed above, it is possible to provide a liquid ejection
head and a liquid ejection apparatus capable of eliminat-
ing dot misalignment or density unevenness due to a
drive pattern by providing electric resistances between a
plurality of individual electrodes that individually apply
voltages to a plurality of drive piezoelectric poles.
[0090] 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 disclosure. These novel embodiments can
be implemented in various other forms, and various
omissions, substitutions, andmodifications can bemade
without departing from the scope of the disclosure. The
embodiments and the modifications thereof are included
in the scopeof the disclosure, andare included in a scope

of the disclosure disclosed in the claims.

Claims

1. A liquid ejection head (1) comprising:

a plurality of pressure chambers (31);
an actuator (20) comprising a plurality of piezo-
electric bodies that change volumes of the pres-
sure chambers according to a drive signal;
apluralityof individual electrodes (223)provided
on the plurality of piezoelectric bodies, respec-
tively;
a nozzle plate (50) comprising a plurality of
nozzles communicating with the plurality of
pressure chambers, respectively;
a plurality of switching elements (83) configured
to selectively connect the drive signal for the
piezoelectric bodies and to be electrically con-
nected to the plurality of individual electrodes;
and
a plurality of electric resistances (851) config-
ured to electrically connect the individual elec-
trodes of the piezoelectric bodies adjacent to
each other.

2. The liquid ejection head according to claim 1, further
comprising a first electric resistor (84) that is an
internal resistance of the switching elements.

3. The liquid ejection head according to claim 1 or 2,
further comprising:
a second electric resistor (85) configured to electri-
cally connect at least one of the plurality of individual
electrodes.

4. The liquid ejection head according to claim 3, where-
in
the plurality of electric resistances are formed by
partially narrowing a width and increasing a length.

5. The liquid ejection head according to claim 3 or 4,
wherein
theplurality of electric resistances are formedby slits
provided between the individual electrodes of the
second electric resistor.

6. The liquid ejection head according to any one of
claim 3 to 5, wherein
the second electric resistor electrically connects all
of the plurality of individual electrodes.

7. The liquid ejection head according to any one of
claim 3 to 6, wherein
the second electric resistor extends in an arrange-
ment direction of the individual electrodes, and is
formed of a thin film having a uniform width in a
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direction orthogonal to a longitudinal direction and a
thickness direction.

8. The liquid ejection head according to any one of
claim 3 to 7, wherein the second electric resistor is
formed of a metal with high resistivity.

9. The liquid ejection head according to claim 8, where-
in the metal includes a nickel-chromium alloy or
titanium, or a carbon film (carbon).

10. The liquid ejection head according to any one of
claims 1 to 9, wherein
the switching element selectively connects a drive
signal for ejecting a liquid and a standby voltage for
not ejecting the liquid.

11. The liquid ejection head according to any one of
claims 1 to 10, comprising two or more actuators.

12. The liquid ejection head according to claim 11,
wherein the actuators are arranged side by side in
a direction orthogonal to an arrangement direction of
the plurality of piezoelectric bodies.

13. The liquid ejection head according to any one of
claims 1 to 12, wherein the actuator further com-
prises a dummy layer.

14. The liquid ejection head according to claim 13,
wherein the dummy layer has an electrode only on
one side.

15. A liquid ejection apparatus comprising:
the liquid ejection head according to any one of
claims 1 to 14.
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