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Description

FIELD

[0001] Embodiments described here generally relate
to an inkjet head and an inkjet recording apparatus.

BACKGROUND

[0002] An on-demand inkjet recording system ejects
ink drops from a nozzle in accordance with an image
signal, and forms an image on the recording paper with
the ink drops. The on-demand inkjet recording system
includes those of a heating element type and a piezoe-
lectric element type.
[0003] In the heating element type system, a heating
element in ink flow paths generates air bubbles in ink.
The ink drops pushed by the air bubbles are ejected from
a nozzle.
[0004] On the other hand, in the piezoelectric element,
a piezoelectric element being an actuator deforms, and
the pressure of ink stored in ink cells is thereby changed.
As a result, the pressurized ink drops are ejected from
the nozzle.
[0005] An example of the piezoelectric element inkjet
head includes nozzles and driving elements (actuators)
corresponding to each other one to one.
[0006] The actuators each include a piezoelectric ele-
ment, and a common electrode and an individual elec-
trode that apply voltage to the piezoelectric element. The
common electrode and the individual electrode are each
electrically connected to a driving circuit via a conductor
pattern. When drive voltage is applied to the piezoelectric
element from the driving circuit via the common electrode
and the individual electrode, the piezoelectric element
deforms. As a result, the ink supplied to the pressure cell
is pressurized. Part of the pressurized ink forms ink
drops, and the ink drops are ejected from a nozzle. By
way of example only, US 2014/063095 A1 discloses an
example of such a piezoelectric element type inkjet head.
[0007] In an inkjet head including many driving ele-
ments (actuators), if the inkjet has a structure including
the common electrode described above, a connection
terminal that connects the common electrode and an ex-
ternal terminal for applying voltage is arranged only at
the end of the head body. In such a structure, the maxi-
mum distance between the connection terminal of the
common electrode and the driving elements increases
as the size of the head body increases. For that reason,
the voltage is changed due to wiring resistance, and it
may affect driving of each driving element.
[0008] In addition, if the difference between the maxi-
mum distance and the minimum distance between the
connection terminal of the common electrode and the
driving elements is large, the difference between voltage
changes in the driving elements is large and the stability
of the driving of each driving element may be reduced.
Further, in the case where the connection terminal of the

common electrode is arranged only at the end of the head
body, current concentration occurs, and thus a problem
such as short-circuiting and wiring damage may occur.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1 is a longitudinal sectional view schematically
showing the whole structure of an inkjet printer of an
embodiment.
Fig. 2 is a plan view showing the structure of the
main part of an inkjet head of the embodiment.
Fig. 3 is a longitudinal sectional view showing the
main part of how an electrode part of an individual
electrode and a connection terminal of the individual
electrode in the inkjet head of the embodiment are
connected to each other.
Fig. 4 is a longitudinal sectional view showing the
main part of how an electrode part of a common elec-
trode and a connection terminal of the common elec-
trode in the inkjet head of the embodiment are con-
nected to each other.

DETAILED DESCRIPTION

[0010] According to one embodiment, an inkjet head
includes nozzles, a nozzle plate, actuators, individual
electrodes, a common electrode.
[0011] Each of the nozzles ejects ink. The nozzles are
arranged on the nozzle plate.
[0012] The actuators are arranged corresponding to
the nozzles one to one on the nozzle plate.
[0013] The individual electrodes are arranged on the
nozzle plate, each of the individual electrodes including
a connection terminal connected to an external element,
each of the individual electrodes applying voltage to the
corresponding actuator.
[0014] The common electrode is arranged on the noz-
zle plate, the common electrode applying voltage to the
actuators, the common electrode including a connection
terminal connected to the external element, the connec-
tion terminal being arranged between the connection ter-
minals of the individual electrodes. Preferably, the actu-
ators are divided into groups. Preferably, the individual
electrodes and the common electrode are provided for
each of the groups. Preferably, a parallel arrangement
part is provided at an end of the nozzle plate for each of
the groups. Preferably, the parallel arrangement part in-
cludes the connection terminals of the individual elec-
trodes arranged in parallel.
[0015] Preferably, the connection terminal of the com-
mon electrode is provided outside of the parallel arrange-
ment part.
[0016] Preferably, each of the individual electrodes in-
cludes an electrode part connected to the corresponding
actuator, and a wiring part that connects the connection
terminal of the individual electrode and the electrode part
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to each other, and the wiring part is arranged between
the actuators and is pulled out to the connection terminal
of the individual electrode.
[0017] Preferably, each of the groups has the same
number of individual electrodes.
[0018] Preferably, the wiring parts of the individual
electrode for one group are provided at both the sides of
the corresponding group of the actuators in an arrange-
ment direction, the connection terminals of the individual
electrodes being arranged in the parallel arrangement
part in the arrangement direction.
[0019] The present invention also relates to an inkjet
recording apparatus, comprising: a conveyer apparatus
that conveys recording paper; and an inkjet head that
ejects ink on the recording paper conveyed by the con-
veyer apparatus to form an image. According to the in-
vention, the inkjet head includes nozzles, each of the
nozzles ejecting ink; a nozzle plate, the nozzles being
arranged on the nozzle plate; actuators arranged on the
nozzle plate, the actuators corresponding to the nozzles
one to one; individual electrodes arranged on the nozzle
plate, each of the individual electrodes including a con-
nection terminal connected to an external element, each
of the individual electrodes applying voltage to the cor-
responding actuator; and a common electrode arranged
on the nozzle plate, the common electrode applying volt-
age to the actuators, the common electrode including a
connection terminal connected to the external element,
the connection terminal being arranged between the con-
nection terminals of the individual electrodes.
[0020] Preferably, the actuators are divided into
groups, the individual electrodes and the common elec-
trode are provided for each of the groups, and a parallel
arrangement part is provided at an end of the nozzle plate
for each of the groups, the parallel arrangement part in-
cluding the connection terminals of the individual elec-
trodes arranged in parallel.
[0021] Preferably, the connection terminal of the com-
mon electrode is provided outside of the parallel arrange-
ment part.
[0022] Preferably, each of the individual electrodes in-
cludes an electrode part connected to the corresponding
actuator, and a wiring part that connects the connection
terminal of the individual electrode and the electrode part
to each other, and the wiring part is arranged between
the actuators and is pulled out to the connection terminal
of the individual electrode.
[0023] Preferably, each of the groups has the same
number of individual electrodes.
[0024] Preferably, the wiring parts of the individual
electrode for one group are provided at both the sides of
the corresponding group of the actuators in an arrange-
ment direction, the connection terminals of the individual
electrodes being arranged in the parallel arrangement
part in the arrangement direction.
[0025] Hereinafter, an embodiment will be described,
as non-limiting examples, with reference to Fig. 1 to Fig.
4. Note that each element, which can be expressed by

some terms, may sometimes be expressed by another
term or other terms. However, it does not mean that any
element, which is only expressed by a single term, is
never expressed by another term or other terms. In ad-
dition, it does not mean that another term or other terms,
which is/are not exemplified, is/are never used to express
each element. In addition, the figures show this embod-
iment schematically. The sizes shown in the figures may
sometimes be different from those described in this em-
bodiment. In addition, in the drawings, the same refer-
ence symbols show the same or similar parts.
[0026] Fig. 1 is a longitudinal sectional view schemat-
ically showing the whole structure of an inkjet printer 1
of an embodiment. The inkjet printer 1 is an example of
an inkjet recording apparatus.
[0027] Note that an inkjet recording apparatus may be
another apparatus such as a copy machine instead of
the inkjet printer.
[0028] As shown in Fig. 1, the inkjet printer 1 conveys
recording paper P, for example, as a recording medium,
and at the same time, performs various processes such
as image forming. The inkjet printer 1 includes a housing
10, a paper cassette 11, a copy receiving tray 12, s hold-
ing roller (drum) 13, a conveyer apparatus 14, a holding
apparatus 15, an image forming apparatus 16, a static-
eliminating and peeling apparatus 17, an inversing ap-
paratus 18, and a cleaning apparatus 19.
[0029] The paper cassette 11 stores a plurality of
sheets of recording paper P, and is arranged in the hous-
ing 10. The copy receiving tray 12 is arranged at the top
of the housing 10. The inkjet printer 1 forms an image on
recording paper P, and discharges the recording paper
P to the copy receiving tray 12.
[0030] The conveyer apparatus 14 includes guides
and conveyer rollers arranged along the path on which
the recording paper P is conveyed. The conveyer roller
is driven by a motor, rotates, and thus conveys the re-
cording paper P from the paper cassette 11 to the copy
receiving tray 12.
[0031] The holding roller 13 includes a cylindrical frame
made of a conductor, and a thin insulation layer formed
on the surface of the frame. The frame is grounded. The
holding roller 13 rotates where it holds the recording pa-
per P on its surface, and thus conveys the recording pa-
per P.
[0032] The holding apparatus 15 presses the recording
paper P, which is discharged from the paper cassette 11
by the conveyer apparatus 14, on the surface (outer sur-
face) of the holding roller 13.
[0033] The holding apparatus 15 presses the recording
paper P on the holding roller 13, and then attaches the
recording paper P to the holding roller 13 by an electro-
static force of the electrostatically-charged recording pa-
per P.
[0034] The holding roller 13 holds the recording paper
P where the recording paper P is attached to the holding
roller 13. The holding roller 13 rotates, and thereby con-
veys the held recording paper P.
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[0035] The image forming apparatus 16 forms an im-
age on the recording paper P on the outer surface of the
holding roller 13, the recording paper P being held by the
holding apparatus 15. The image forming apparatus 16
includes inkjet heads 21, which face the surface of the
holding roller 13. The inkjet heads 21 eject four-color inks
(for example, cyan, magenta, yellow, and black) toward
the recording paper P, and thereby form an image on the
recording paper P.
[0036] The static-eliminating and peeling apparatus 17
eliminates static electricity from the recording paper P,
on which the image is formed, and thereby peels the re-
cording paper P from the holding roller 13.
[0037] Specifically, the static-eliminating and peeling
apparatus 17 electrically charges the recording paper P,
and thereby eliminates static electricity from the record-
ing paper P. Further, the static-eliminating and peeling
apparatus 17 includes a peeling nail (not shown), and
inserts the peeling nail between the static-eliminated re-
cording paper P and the holding roller 13. As a result,
the recording paper P is peeled from the holding roller 13.
[0038] The conveyer apparatus 14 conveys the record-
ing paper P, which is peeled from the holding roller 13,
to the copy receiving tray 12 or the inversing apparatus
18.
[0039] The cleaning apparatus 19 cleans the holding
roller 13 from which the recording paper P has been
peeled. The cleaning apparatus 19 is arranged at the
downstream of the static-eliminating and peeling appa-
ratus 17 in the rotational direction of the holding roller 13.
The cleaning apparatus 19 includes a cleaning member
19a. The cleaning apparatus 19 causes the cleaning
member 19a to come into close contact with the surface
of the rotating holding roller 13, and thereby cleans the
surface of the rotating holding roller 13.
[0040] In order to form images on the two sides of the
recording paper P, the inversing apparatus 18 turns the
recording paper P, which is peeled from the holding roller
13, upside down, and supplies the recording paper P to
the surface of the holding roller 13 again.
[0041] Specifically, the conveyer apparatus 14 switch-
es back the peeled recording paper P the other way
around, and thereby conveys the recording paper P to
the inversing apparatus 18.
[0042] The inversing apparatus 18 includes a prede-
termined inversion path. The inversing apparatus 18 con-
veys the recording paper P along the inversion path, and
thereby turns the recording paper P upside down.
[0043] Fig. 2 is a plan view showing the structure of
the main part of the inkjet heads 21.
[0044] Fig. 3 is a longitudinal sectional view showing
the main part of how an electrode part (electrode part
106c) of an individual electrode (lower electrode 106)
and a connection terminal (connection terminal part
106b) of the individual electrode (lower electrode 106) in
the inkjet heads 21 of the embodiment are connected to
each other.
[0045] Fig. 4 is a longitudinal sectional view showing

the main part of how an electrode part (electrode part
107c) of a common electrode (upper electrode 107) and
a connection terminal (connection terminal part 107b) of
the common electrode (upper electrode 107) in the inkjet
heads 21 of the embodiment are connected to each other.
[0046] Note that, for illustrative purposes, Figs. 2, 3
and 4 show various elements, which are actually hidden,
in solid lines.
[0047] The inkjet printer 1 includes ink tanks and ink
controllers (not shown), which are connected to each of
the inkjet heads 21. Each inkjet head 21 is connected to
the ink tanks, which store ink of the corresponding color.
[0048] The inkjet head 21 ejects ink drops toward the
recording paper P held by the holding roller 13, and there-
by forms texts and images thereon. As shown in Figs. 3
and 4, the inkjet head 21 includes a nozzle plate 100, a
pressure cell structure 200, and an ink flow path structure
400. The pressure cell structure 200 is an example of the
substrate.
[0049] The nozzle plate 100 has a rectangular plate
shape. The nozzle plate 100 is formed on the pressure
cell structure 200, the nozzle plate 100 and the pressure
cell structure 200 being an assembly. The nozzle plate
100 includes nozzles (orifices, ink ejecting holes) 101
and driving elements (piezoelectric elements, actuators)
102.
[0050] The nozzles 101 are circular holes. The diam-
eter of the nozzle 101 is, for example, 20 mm. As shown
in Fig. 2, the nozzles 101 are arrayed in the longer-side
direction (vertical direction of Fig. 2) and the shorter-side
direction (horizontal direction of Fig. 2) of the nozzle plate
100. The nozzles 101 are arranged such that the nozzles
101 in one line are spaced apart from the nozzles 101 in
the next line in the longer-side direction of the nozzle
plate 100. According to this structure, the driving ele-
ments 102 are arranged in a higher density. Note that
the longer-side direction of the nozzle plate 100 corre-
sponds to the conveying direction of the recording paper
P by the holding roller 13, and the shorter-side direction
of the nozzle plate 100 corresponds to the direction per-
pendicular to the conveying direction of the recording pa-
per P.
[0051] The distance between the center of one nozzle
101 and the center of the next nozzle 101, the nozzles
101 being adjacent to each other in the longer-side di-
rection (vertical direction of Fig. 2) of the nozzle plate
100, is 340 mm, for example. The distance between the
center of one line of the nozzles 101 and the center of
the next line of the nozzles 101, the lines being adjacent
to each other in the shorter-side direction (horizontal di-
rection of Fig. 2) of the nozzle plate 100, is 240 mm, for
example.
[0052] The driving elements 102 are arranged corre-
sponding to the nozzles 101 one to one. As shown in Fig.
2, the driving element 102 and the corresponding nozzle
101 are arranged coaxially. The driving element 102 has
an annular shape, and surrounds the corresponding noz-
zle 101. Alternatively, the driving element 102 may have
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a semi-open annular shape (C shape), for example.
[0053] The pressure cell structure 200 is made of a
silicon wafer, and has a rectangular plate shape. Alter-
natively, the pressure cell structure 200 may be another
semiconductor such as a silicon carbide (SiC) substrate
and a germanium substrate, for example. Alternatively,
the substrate may be made of another material such as
ceramics, glass, quartz, resin, and metal.
[0054] Ceramics such as nitride, carbide, and oxide
such as alumina ceramics, zirconia, silicon carbide, sili-
con nitride, and barium titanate is used. Resin such as a
plastic material such as ABS (acrylonitrile butadiene sty-
rene), polyacetal, polyamide, polycarbonate, and poly-
ethersulfone is used. Metal such as aluminum and tita-
nium is used. The thickness of the pressure cell structure
200 is, for example, 725 mm. The thickness of the pres-
sure cell structure 200 is, for example, in the range of
100 to 775 mm.
[0055] As shown in Figs. 3 and 4, the pressure cell
structure 200 includes a first surface 200a, a second sur-
face 200b, and pressure cells (ink cells) 201. The first
and second surfaces 200a and 200b are flat. The second
surface 200b is opposite to the first surface 200a. The
nozzle plate 100 is fixed to the first surface 200a.
[0056] The pressure cells 201 are circular holes. The
diameter of the pressure cell 201 is, for example, 190
mm. Note that the shape of the pressure cell 201 is not
limited to this. The pressure cell 201 penetrates through
the pressure cell structure 200 in its thickness direction,
and has an opening through the first surface 200a and
an opening through the second surface 200b. The nozzle
plate 100 covers the openings through the first surface
200a of the pressure cells 201.
[0057] The pressure cells 201 are arranged corre-
sponding to the nozzles 101 one to one. In other words,
the pressure cell 201 and the corresponding nozzle 101
are arranged coaxially. According to this structure, the
pressure cell 201 is in communication with the corre-
sponding nozzle 101. The pressure cell 201 is in com-
munication with the outside of the inkjet head 21 via the
nozzle 101.
[0058] The ink flow path structure 400 is made of, for
example, stainless steel, and has a rectangular plate
shape. The thickness of the ink flow path structure 400
is, for example, 4 mm. Note that the ink flow path structure
400 may be made of any other material such as ceramics
and resin. Ceramics such as nitride, carbide, and oxide
such as alumina ceramics, zirconia, silicon carbide, and
silicon nitride is used. Resin such as a plastic material
such as ABS, polyacetal, polyamide, polycarbonate, and
polyethersulfone is used. The material of the ink flow path
structure 400 is selected so that the pressure is not in-
creased to eject the ink, in consideration of the difference
between the expansion coefficient of the ink flow path
structure 400 and the expansion coefficient of the nozzle
plate 100.
[0059] The ink flow path structure 400 is bonded to the
pressure cell structure 200 with, for example, epoxy-

based adhesive. The ink flow path structure 400 includes
ink flow paths 401, an ink inlet port (not shown), and an
ink outlet port (not shown).
[0060] The ink flow paths 401 are grooves on the ink
flow path structure 400. The depth of the ink flow path
401 is, for example, 2 mm. The ink inlet port is an opening
at one end of the ink flow path. The ink inlet port is con-
nected to the ink tank via a tube, for example. The ink
tank is connected to the pressure cells 201 via the ink
flow paths 401.
[0061] The ink in the ink tank flows into the ink flow
paths 401 through the ink inlet port. The ink supplied to
the ink flow paths 401 is supplied to the pressure cells
201. The ink filled in the pressure cells 201 flows also
into the nozzles 101 via the openings of the pressure
cells 201. The inkjet printer 1 maintains the pressure of
the ink at an appropriate negative level, and the ink is
thereby kept in the nozzles 101. The ink forms a meniscus
on the nozzle 101, and is kept such that the ink may not
leak from the nozzle 101.
[0062] The ink outlet port is an opening at the other
end of the ink flow path 401. The ink outlet port is con-
nected to the ink tank via a tube, for example. The ink in
the ink flow paths 401, which has not flowed into the
pressure cells 201, is discharged to the ink tank through
the ink outlet port. As described above, the ink circulates
in the ink tank and the ink flow paths 401. Because the
ink circulates, the temperature of the inkjet head 21 and
the temperature of the ink are kept constant, and the
quality of the ink, which is affected by heat, is less
changed, for example.
[0063] Next, the nozzle plate 100 will be described in
detail.
[0064] As shown in Figs. 3 and 4, the nozzle plate 100
includes the nozzles 101, the driving elements 102, a
vibration plate 104, an insulation film 105, a lower elec-
trode 106, an upper electrode 107, a protective film 108,
and an ink-repellent film 109. The insulation film 105 and
the protective film 108 are each an example of an insu-
lator.
[0065] The vibration plate 104 is, for example, an SiO2
(silicon dioxide) film formed on the first surface 200a of
the pressure cell structure 200, and has a rectangular
plate shape. In other words, the vibration plate 104 is an
oxide film of the pressure cell structure 200, which is a
silicon wafer. The vibration plate 104 may be made of
another material such as single-crystal Si (silicon), Al2O3
(aluminum oxide), HfO2 (hafnium oxide), ZrO2 (zirconium
oxide), and DLC (Diamond Like Carbon). The thickness
of the vibration plate 104 is, for example, 4 mm. The thick-
ness of the vibration plate 104 is in the range of 1 to 50
mm, approximately.
[0066] The vibration plate 104 includes a first surface
104a and a second surface 104b. The first surface 104a
is fixed to the pressure cell structure 200, and covers the
pressure cell 201. The second surface 104b is opposite
to the first surface 104a.
[0067] The lower electrode 106 is formed on the sec-
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ond surface 104b of the vibration plate 104. As shown in
Figs. 2 and 3, the lower electrode 106 includes wiring
parts 106a (wiring patterns), connection terminal parts
106b, electrode parts 106c that come into contact with
the piezoelectric film 111, and parallel arrangement parts
106f. The connection terminal parts 106b of the lower
electrode 106 are each located at one end of the shorter-
side direction of the vibration plate 104 (i.e., shorter-side
direction of the nozzle plate 100). The parallel arrange-
ment part 106f includes the connection terminal parts
106b arranged at the end of the nozzle plate 100 in par-
allel. The parallel arrangement parts 106f are arrayed at
the end of the nozzle plate 100 along the longer-side
direction of the vibration plate 104 (longer-side direction
of the nozzle plate 100).
[0068] As shown in Figs. 2 and 4, the upper electrode
107 includes a wiring part 107a (wiring pattern), a con-
nection terminal part 107b, and an electrode part 107c
that comes into contact with the piezoelectric film 111.
The connection terminal part 107b is located at one end
of the shorter-side direction of the vibration plate 104
(shorter-side direction of the nozzle plate 100). As shown
in Fig. 2, the connection terminal part 107b is arranged
between the connection terminal parts 106b. Further, the
connection terminal part 107b is arranged at the outside
part of the parallel arrangement part 106f. In addition,
the connection terminal part 107b is arranged between
the parallel arrangement parts 106f arranged along the
longer-side direction of the vibration plate 104 (longer-
side direction of the nozzle plate 100). Further, the con-
nection terminal part 107b is located at both ends of the
parallel arrangement part 106f.
[0069] The lower electrode 106 is a thin film made of,
for example, Pt (platinum) and Al (aluminum). The wiring
part 107a and the connection terminal part 107b of the
upper electrode 107 are each a thin film made of Ti (ti-
tanium) and Al. Note that the lower electrode 106 and
the upper electrode 107 may be made of another material
such as Ni (nickel), Cu (copper), Al (aluminum), Ag (sil-
ver) Ti (titanium), W (tungsten), Mo (molybdenum), and
Au (gold).
[0070] The thickness of the lower electrode 106 and
the upper electrode 107 is, for example, 0.5 mm. The film
thickness of the lower electrode 106 and the upper elec-
trode 107 is in the range of 0.01 mm to 1 mm, approxi-
mately. The width of the wiring part 106a of the lower
electrode 106 and the wiring part 107a of the upper elec-
trode 107 is, for example, 10 mm.
[0071] As shown in Figs. 3 and 4, the driving elements
102 each include the electrode part 106c that comes into
contact with the piezoelectric film 111, the piezoelectric
film 111, and the electrode part 107c that comes into
contact with the piezoelectric film 111.
[0072] The driving element 102 is arranged on the sec-
ond surface 104b of the vibration plate 104. The driving
element 102 applies the pressure for causing the corre-
sponding nozzle 101 to eject ink drops to the ink in the
corresponding pressure cell 201.

[0073] The electrode part 106c that comes into contact
with the piezoelectric film 111 of the lower electrode 106
is arranged on the second surface 104b of the vibration
plate 104. The electrode part 106c surrounds the nozzle
101 and has an annular shape. The electrode part 106c
and the nozzle 101 are arranged coaxially. The outer
diameter of the electrode part 106c is, for example, 133
mm. The inner diameter of the electrode part 106c is, for
example, 30 mm.
[0074] According to this structure, as shown in Fig. 3,
the electrode part 106c includes a part 106d that is ar-
ranged separately from the nozzle 101 and does not
come into contact with the piezoelectric film 111. The
electrode part 106c comes into contact with the wiring
part 106a at the part 106d, and conduction between them
is thereby ensured.
[0075] The wiring part 106a of the lower electrode 106
connects the electrode part 106c and the connection ter-
minal part 106b of the corresponding driving elements
102. The wiring part 106a is arranged between the driving
elements 102 in the shorter-side direction of the nozzle
plate 100 (e.g., horizontal direction of Fig. 2), the driving
elements 102 being adjacent to each other in the longer-
side direction of the nozzle plate 100 (e.g., vertical direc-
tion of Fig. 2).
[0076] As shown in Figs. 3 and 4, the piezoelectric film
111 surrounds the nozzle 101, and has the same size as
the electrode part 106c of the lower electrode 106 and
an annular shape. The piezoelectric film 111 is slightly
smaller than the electrode part 106c. Alternatively, the
piezoelectric film 111 may be larger than the electrode
part 106c. The piezoelectric film 111 and the nozzle 101
are arranged coaxially. The piezoelectric film 111 covers
the electrode part 106c.
[0077] The piezoelectric film 111 is a film made of lead
zirconium titanate (PZT) being a piezoelectric material.
Alternatively, the piezoelectric film 111 may be made of
any one of various piezoelectric materials such as PTO
(PbTiO3: lead titanate), PMNT
(Pb(Mg1/3Nb2/3)O3-PbTiO3), PZNT
(Pb(Zn1/3Nb2/3)O3-PbTiO3), ZnO, and AIN.
[0078] The thickness of the piezoelectric film 111 is,
for example, 2 mm. The thickness of the piezoelectric film
111 is determined based on its piezoelectric property,
dielectric breakdown voltage, and the like. The thickness
of the piezoelectric film 111 is in the range of 0.1 mm to
5 mm, approximately.
[0079] The piezoelectric film 111 is polarized in the
thickness direction (e.g., vertical direction of Fig. 3) at
the time when the film is formed.
[0080] In other words, for example, the piezoelectric
film 111 is polarized, the side on the electrode part 106c
being positive, the side of the piezoelectric film 111 on
the electrode part 107c being negative.
[0081] Drive voltage is applied to the electrode part
106c of the lower electrode 106 and the electrode part
107c of the upper electrode 107.
[0082] When the drive voltage is applied, the electric
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field in the thickness direction of the piezoelectric film
111 is applied to the polarized piezoelectric film 111.
[0083] At this time, the piezoelectric film 111 expands
or contracts in the electric field direction (thickness direc-
tion of the piezoelectric film 111), and contracts or ex-
pands in the direction (in-plane direction of the piezoe-
lectric film 111) perpendicular to the electric field direc-
tion, at the same time.
[0084] As a result, the driving element 102, which in-
cludes the piezoelectric film 111, expands or contracts
in the electric field direction and contracts or expands in
the direction perpendicular to the electric field direction,
at the same time.
[0085] As the piezoelectric film 111, ferroelectric such
as PZT is used.
[0086] Note that if a strong electric field is applied to
the piezoelectric film 111, the polarization of the piezoe-
lectric film 111 at the time when the film is formed is in-
verted. Because of this, the electric field in the range in
which the polarization is not inverted is applied to the
piezoelectric film 111. As a result, the piezoelectric film
111 expands or contracts as described above.
[0087] The electrode part 107c of the upper electrode
107 surrounds the nozzle 101, and has the same size as
the electrode part 106c of the lower electrode 106 and
the piezoelectric film 111 and an annular shape. The elec-
trode part 107c is slightly smaller than the piezoelectric
film 111. Alternatively, the electrode part 107c may be
larger than the piezoelectric film 111. The electrode part
107c and the nozzle 101 are arranged coaxially. The
electrode part 107c covers the piezoelectric film 111. In
other words, the electrode part 107c is provided on the
ejection side of the piezoelectric film 111 (external side
of the inkjet head 21)
[0088] The piezoelectric film 111 is interposed be-
tween the electrode part 106c of the lower electrode 106
and the electrode part 107c of the upper electrode 107.
[0089] In other words, the electrode part 106c and the
electrode part 107c are arranged to be overlapped on
both sides of the piezoelectric film 111. The piezoelectric
film 111 insulates the electrode part 106c and the elec-
trode part 107c from each other. The electrode part 107c
faces the electrode part 106c via the piezoelectric film
111.
[0090] The electrode part 107c of the upper electrode
107 constitutes the outer surface 102a of the driving el-
ement 102.
[0091] The outer surface 102a is one surface of the
driving element 102 that faces the opposition side of the
vibration plate 104.
[0092] In other words, the outer surface 102a faces the
ejection side of the driving element 102.
[0093] The outer surface 102a is a surface approxi-
mately parallel to the second surface 104b of the vibration
plate 104.
[0094] The insulation film 105 covers the second sur-
face 104b of the vibration plate 104, the surface of the
driving element 102, and the wiring part 106a of the lower

electrode 106.
[0095] The insulation film 105 includes holes 105b that
expose the connection terminal part 106b of the lower
electrode 106.
[0096] The insulation film 105 is made of, for example,
SiO2.
[0097] The insulation film 105 may be made of another
material such as SiN (silicon nitride). The insulation film
105 has the uniform size on the second surface 104b of
the vibration plate 104, the surface of the driving element
102, and the electrode part 106c of the lower electrode
106.
[0098] The thickness of the insulation film 105 is 1 mm.
The thickness of the insulation film 105 is preferably, in
the range of 0.1 mm to 5 mm, approximately.
[0099] Note that the thickness of the insulation film 105
may be partially different.
[0100] As shown in Figs. 3 and 4, the insulation film
105 includes contact parts 113.
[0101] Each of the contact parts 113 is a hole 105c
provided on part of the insulation film 105 on the outer
surface 102a of the corresponding driving element 102.
[0102] The contact part 113 has, for example, a circular
shape whose diameter is 20 mm.
[0103] The hole 105b partially exposes part of the elec-
trode part 106c of the lower electrode 106, which does
not come into contact with the piezoelectric film 111.
[0104] In addition, the hole 105c partially exposes part
of the electrode part 107c, which does not come into con-
tact with the piezoelectric film 111.
[0105] The hole 105c is provided closer to the outer
periphery of the electrode part 107c rather than at the
center between the inner periphery and the outer periph-
ery of the electrode part 107c having an annular shape.
[0106] As shown in Fig. 4, the connection terminal part
107b of the upper electrode 107 and the wiring part 107a
of the upper electrode 107 are arranged on the surface
105a of the insulation film 105. In other words, the con-
nection terminal part 107b and the wiring part 107a are
arranged on the insulation film 105. The surface 105a of
the insulation film 105 faces the opposition direction of
the vibration plate 104.
[0107] As shown in Figs. 3 and 4, the wiring part 107a
of the upper electrode 107 connects the electrode part
107c and the connection terminal part 107b of the cor-
responding driving element 102. The wiring part 107a
extends in the shorter-side direction (e.g., horizontal di-
rection of Fig. 3) of the nozzle plate 100.
[0108] As shown in Fig. 2, the wiring parts 107a join
together at near the center of the shorter-side direction
(horizontal direction of Fig. 2) of the nozzle plate 100,
and thereby forms part extending along the longer-side
direction (vertical direction of Fig. 2) of the nozzle plate
100.
[0109] As a result, the connection terminal part 107b
and 8 electrode parts 107c are connected to each other
by the wiring part 107a.
[0110] On the other hand, the wiring parts 107a, which
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are connected to the driving elements 102 at the end of
the shorter-side direction and pulled out to the end of the
nozzle plate 100 at regular intervals, are each connected
to the corresponding connection terminal part 107b and
arranged so that the distance between the driving ele-
ment 102 and the connection terminal part 107b decreas-
es.
[0111] As shown in Fig. 4, the wiring part 107a of the
upper electrode 107 arranged on the surface 105a of the
insulation film 105, which covers the driving element 102.
[0112] One end of the wiring part 107a is connected
to the electrode part 107c of the upper electrode 107
through the contact part 113 (hole 105c).
[0113] In other words, the contact part 113 is obtained
by partially removing the insulation film 105 in order to
connect the wiring part 107a to the electrode part 107c.
[0114] The insulation film 105 separates the wiring part
107a of the upper electrode 107 and the electrode part
106c of the lower electrode 106 from each other. The
insulation film 105 prevents the lower electrode 106 and
the upper electrode 107 from being electrically connect-
ed.
[0115] The protective film 108 is arranged on the sec-
ond surface 104b of the vibration plate 104.
[0116] The protective film 108 is made of photosensi-
tive polyimide such as "Photoneece" (registered trade-
mark) produced by Toray industries, Inc.
[0117] In other words, the protective film 108 is made
of an insulating material different from the insulation film
105.
[0118] Alternatively, the protective film 108 may be
made of another insulating material such as resin and
ceramics.
[0119] Resin such as a plastic material such as another
kind of polyimide, ABS, polyacetal, polyamide, polycar-
bonate, and polyethersulfone is used.
[0120] Ceramics such as nitride, carbide, and oxide
such as zirconia, silicon carbide, silicon nitride, and bar-
ium titanate is used.
[0121] In addition, the protective film 108 may be made
of a metal material as long as it has insulation properties
for the driving element 102 and the upper electrode 107.
[0122] The metal material is, for example, aluminum,
SUS, and titanium.
[0123] The material of the protective film 108 is select-
ed in consideration of the heat resistance, insulation
properties, thermal expansion coefficient, smoothness,
and wettability with respect to ink.
[0124] The insulation properties of the material may
affect the degree of change in the quality of ink when the
driving elements 102 drive, in the case where the inkjet
printer 1 uses ink having a high conductivity.
[0125] The protective film 108 covers the second sur-
face 104b of the vibration plate 104, the surface 105a of
the insulation film 105, and the wiring part 107a of the
upper electrode 107.
[0126] In other words, the protective film 108 covers
the driving element 102 and the wiring part 106a of the

lower electrode 106 from above the insulation film 105.
[0127] The protective film 108 protects the driving el-
ement 102, the lower electrode 106, and the upper elec-
trode 107 from, for example, ink and water in air.
[0128] The protective film 108 includes holes exposing
the connection terminal parts 106b and 107b of the lower
electrodes 106 and 107, respectively.
[0129] The Young’s modulus of the material of the pro-
tective film 108 is different from the Young’s modulus of
the material of the vibration plate 104. The vibration plate
104 is made of SiO2, the Young’s modulus thereof being
80.6 GPa. On the other hand, the protective film 108 is
made of polyimide, the Young’s modulus thereof being
4 GPa. In other words, the Young’s modulus of the pro-
tective film 108 is smaller than the Young’s modulus of
the vibration plate 104.
[0130] The surface 108a of the protective film 108 has
a substantially smooth shape, but has a minute concavity
and convexity. For example, part of the surface 108a of
the protective film 108, on which the driving element 102
is provided, protrudes than the other part. The surface
108a of the protective film 108 is opposite to the surface
fixed to the vibration plate 104.
[0131] The thickness of the protective film 108 is 4 mm,
approximately, excluding the part of the protective film
108 on which the driving element 102, the lower electrode
106, and the upper electrode 107 are arranged. The film
thickness of the protective film 108 is in the range of 1 to
50 mm, approximately. The thickness of the protective
film 108 is the distance from the second surface 104b of
the vibration plate 104 to the surface 108a of the protec-
tive film 108.
[0132] The thickness of the protective film 108 formed
on the driving element 102 is 2.5 mm, approximately. This
thickness of the protective film 108 is the distance from
the surface 105a of the insulation film 105 arranged on
the driving element 102 to the surface 108a of the pro-
tective film 108.
[0133] The ink-repellent film 109 covers the protective
film 108 and part of the insulation film 105.
[0134] The ink-repellent film 109 is made of silicon-
series liquid-repellent material having liquid repellency
or fluorinated organic material, such as "Cytop" (regis-
tered trademark) produced by Asahi Glass Co. Ltd. Note
that the ink-repellent film 109 may be made of another
material.
[0135] The ink-repellent film 109 does not cover but
exposes the protective film 108 around the connection
terminal part 106b of the lower electrode 106 and the
connection terminal part 107b of the upper electrode 107.
The surface 109a of the ink-repellent film 109 constitutes
the surface of the nozzle plate 100.
[0136] The surface 109a of the ink-repellent film 109
is opposite to the surface fixed to the protective film 108.
[0137] The thickness of the ink-repellent film 109 is,
for example, 1mm, excluding the part of the ink-repellent
film 109 on which the driving elements 102, the upper
electrode 107, and the lower electrode 106 are arranged.
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[0138] The thickness of the ink-repellent film 109 is
preferably, for example, in the range of 0.01 mm to 10
mm. The thickness of part of the ink-repellent film 109,
on which the driving element 102 is provided, is smaller
than the other part. Note that the thickness of the ink-
repellent film 109 may be constant.
[0139] Ink drops attached to the vicinity of the nozzle
101 may reduce the stability of ink ejection, the ink drops
being ejected by the nozzle 101. The ink-repellent film
109 prevents ink drops from being attached to the surface
of the nozzle plate 100.
[0140] The nozzle 101 penetrates through the vibration
plate 104, the protective film 108, and the ink-repellent
film 109.
[0141] In other words, the nozzle 101 is formed on the
vibration plate 104, the protective film 108, and the ink-
repellent film 109.
[0142] The vibration plate 104 and the protective film
108 are each ink-philic (lyophilic), and thereby the me-
niscus of ink stored in the pressure cells 201 is kept in
the nozzle 101.
[0143] Part of the protective film 108 is interposed be-
tween the nozzle 101 and the peripheral surface of the
driving element 102.
[0144] A controller (not shown) is connected to the con-
nection terminal part 106b of the lower electrode 106 via,
for example, a flexible cable.
[0145] The controller is, for example, an IC that con-
trols the inkjet head 21 or a microcomputer that controls
the inkjet printer 1.
[0146] On the other hand, the connection terminal part
107b of the upper electrode 107 is connected to, for ex-
ample, GND (grounded= 0V).
[0147] The controller transmits signals for driving the
corresponding driving element 102 to the lower electrode
106. The lower electrode 106 is used as an individual
electrode that drives the driving elements 102 independ-
ently.
[0148] The inkjet head 21 performs printing (forms im-
ages) as follows, for example.
[0149] In response to an operation from a user, a print
instruction signal is input in a controller.
[0150] In response to the printing instruction, the con-
troller applies the signal to the driving elements 102. In
other words, the controller applies drive voltage to the
electrode part 106c of the lower electrode 106.
[0151] When the signal (drive voltage) is applied to the
electrode part 106c of the lower electrode 106, a differ-
ence in potential is generated between the electrode part
106c of the lower electrode 106 and the electrode part
107c of the upper electrode 107.
[0152] As a result, the electric field in the thickness
direction of the piezoelectric film 111 is applied to the
piezoelectric film 111, and the piezoelectric film 111
thereby contracts. Specifically, the piezoelectric film 111
expands or contracts in its thickness direction (electric
field direction), and contracts or expands in the in-plane
direction (direction perpendicular to the electric field di-

rection), at the same time. Similarly, the driving element
102 including the piezoelectric film 111 expands or con-
tracts in the thickness direction of the piezoelectric film
111, and contracts or expands in the in-plane direction
of the piezoelectric film 111, at the same time. In the
following description, expansion and contraction of the
driving element 102 (piezoelectric film 111) only in the
in-plane direction will be described, and expansion and
contraction of the driving element 102 (piezoelectric film
111) in the thickness direction will not be described.
[0153] In the nozzle plate 100, the driving element 102
expands in the in-plane direction, and thereby deforms
(bends) so that the volume of the pressure cell 201 is
decreased. As a result, when the driving element 102
expands in the in-plane direction, the vibration plate 104,
which is connected to the driving element 102, deforms
(bends) so that the volume of the pressure cell 201 is
decreased.
[0154] In addition, the driving element 102 contracts in
the in-plane direction, and thereby deforms (bends) so
that the volume of the pressure cell 201 is increased. As
a result, when the driving element 102 contracts in the
in-plane direction, the vibration plate 104, which is con-
nected to the driving element 102, bends so that the vol-
ume of the pressure cell 201 is increased.
[0155] At this time, the insulation film 105 and the pro-
tective film 108 inhibits the bending of the vibration plate
104.
[0156] In more detailed description, as shown in Figs.
3 and 4, the driving element 102 is sandwiched between
the vibration plate 104, the insulation film 105, and the
protective film 108.
[0157] With this structure, when the driving element
102 expands in the in-plane direction (direction perpen-
dicular to the electric field direction) of the piezoelectric
film 111, a force is applied to the vibration plate 104, and
the vibration plate 104 deforms in a concave shape in
the direction toward the pressure cell 201 side.
[0158] In other words, the vibration plate 104 intends
to bend in the direction in which the volume of the pres-
sure cell 201 is increased. To the contrary, a force is
applied to the insulation film 105 and the protective film
108, and the insulation film 105 and the protective film
108 deform in a convex shape in the direction toward the
pressure cell 201 side. In other words, the insulation film
105 and the protective film 108 intend to bend in the di-
rection in which the volume of the pressure cell 201 is
decreased.
[0159] On the other hand, when the driving element
102 contracts in the in-plane direction (direction perpen-
dicular to the electric field direction) of the piezoelectric
film 111, a force is applied to the vibration plate 104, and
the vibration plate 104 deforms in a convex shape in the
direction toward the pressure cell 201 side.
[0160] In other words, the vibration plate 104 intends
to bend in the direction in which the volume of the pres-
sure cell 201 is decreased.
[0161] In addition, a force is applied to the insulation
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film 105 and the protective film 108, and the insulation
film 105 and the protective film 108 deform in a concave
shape in the direction toward the pressure cell 201 side.
[0162] In other words, the insulation film 105 and the
protective film 108 intend to bend in the direction in which
the volume of the pressure cell 201 is increased.
[0163] As described above, the vibration plate 104, and
the insulation film 105 and the protective film 108 intend
to bend in a direction opposite to each other.
[0164] Specifically, the insulator formed by the insula-
tion film 105 and the protective film 108 generates a force
(film stress) that inhibits the deforming of the vibration
plate 104 by the driving element 102.
[0165] The deformation amount of a member is affect-
ed by the Young’ s modulus and the thickness of the
member.
[0166] The Young’s modulus of polyimide, which forms
the protective film 108, is smaller than the Young’s mod-
ulus of SiO2, which forms the vibration plate 104.
[0167] Because of this, when the same amount of force
is applied to the protective film 108 and the vibration plate
104, the protective film 108 deforms larger than the vi-
bration plate 104.
[0168] Further, the insulation film 105 is thinner than
the vibration plate 104.
[0169] Because of this, when the same amount of force
is applied to the insulation film 105 and the vibration plate
104, the insulation film 105 deforms larger than the vi-
bration plate 104.
[0170] As described above, the driving element 102
works in the bending mode (bending vibration).
[0171] When voltage is applied to the driving element
102, the vibration plate 104 deforms because of the driv-
ing element 102, and the volume of the pressure cell 201
is thereby changed.
[0172] First, the driving element 102 causes the vibra-
tion plate 104 to deform, and the volume of the pressure
cell 201 is thereby increased.
[0173] As a result, negative pressure is generated on
the ink stored in the pressure cell 201, and the ink flows
from the ink flow path 401 into the pressure cell 201.
[0174] Next, the driving element 102 causes the vibra-
tion plate 104 to deform, and the volume of the pressure
cell 201 is thereby decreased.
[0175] As a result, the ink in the pressure cell 201 is
pressurized (positive pressure is generated on the ink).
[0176] The positive pressure applied to the ink does
not escape to the ink flow path 401 and is kept in the
pressure cell 201.
As a result, the pressurized ink is ejected from the nozzle
101.
[0177] The larger the difference between the Young’s
modulus of the vibration plate 104 and the Young’s mod-
ulus of the protective film 108, the lower the voltage of
the ink ejection, thereby causing the inkjet head 21 to
eject ink effectively.
[0178] Further, the larger the difference between the
thickness of the insulator formed of the insulation film

105 and the protective film 108 and the thickness of the
vibration plate 104, the lower the voltage of the ink ejec-
tion, thereby causing the inkjet head 21 to eject ink ef-
fectively.
[0179] Next, an example of a method of manufacturing
the inkjet head 21 will be described.
[0180] First, before forming the pressure cells 201, an
SiO2 film is formed as the vibration plate 104 on the entire
area of the first surface 200a of the pressure cell structure
200 (silicon wafer). The SiO2 film is formed by a thermally-
oxidized film-forming method, for example. Note that the
SiO2 film may be formed by using another method such
as a CVD method.
[0181] A silicon wafer, from which the pressure cell
structure 200 is formed, is one large circular plate.
[0182] The pressure cell structures 200 are cut out
from the silicon wafer later.
[0183] Alternatively, one pressure cell structure 200
may be formed from one rectangular silicon wafer.
[0184] The silicon wafer is repeatedly heated and thin
films are formed when the inkjet head 21 is manufactured.
[0185] In view of this, the silicon wafer is heat-resistant,
complies with SEMI (Semiconductor Equipment and Ma-
terials International) standard, and is mirror-polished and
smoothed.
[0186] Next, a metal film as the lower electrode 106 is
formed on the second surface 104b of the vibration plate
104. First, Ti and Pt are sputtered, and Ti and Pt films
are formed in order.
[0187] The film thickness of Pt is, for example, 0.45
mm. The film thickness of Ti is, for example, 0.05 mm.
Note that the metal films may be formed by another meth-
od such as vapor deposition and metal plating.
[0188] Next, the piezoelectric film 111 is formed on the
metal film as the lower electrode 106.
[0189] The piezoelectric film 111 is formed by, for ex-
ample, an RF magnetron sputtering method.
[0190] At this time, the temperature of the silicon wafer
is, for example, 350°C.
[0191] After the piezoelectric film 111 is formed, the
piezoelectric film 111 is heated at 650°C for 3 hours in
order to apply piezoelectricity.
[0192] As a result, the piezoelectric film 111 obtains
good crystallinity and good piezoelectricity, at the same
time.
[0193] The piezoelectric film 111 may be formed by
another method such as CVD (chemical vapor deposi-
tion), a sol-gel method, an AD method (aerosol deposi-
tion method), and a hydrothermal synthesis method.
[0194] Next, a metal film of Pt as the electrode part
107c of the upper electrode 107 is formed on the piezo-
electric film 111.
[0195] The metal film is formed by a sputtering method.
The metal film may be formed by another method such
as vacuum vapor deposition and metal plating.
[0196] Next, the metal film and the piezoelectric film
111 are etched, and the electrode part 107c of the upper
electrode 107 and the piezoelectric film 111 are pat-
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terned. An etching mask is formed on the metal film, the
metal film and the piezoelectric film 111 uncovered by
the etching mask are etched and removed, and the elec-
trode part 107c of the upper electrode 107 and the pie-
zoelectric film 111 are thereby patterned.
[0197] The metal film and the piezoelectric film 111 are
patterned at the same time. Note that the metal film and
the piezoelectric film 111 may be patterned individually.
[0198] The etching mask is formed as follows. The met-
al film is coated with a photosensitive resist, then preb-
aked, exposed with light where it is covered with a mask
on which a desired pattern is formed, developed, and
postbaked.
[0199] Next, the lower electrode 106 is formed by pat-
terning.
[0200] An etching mask is formed on the piezoelectric
film 111, the electrode part 107c of the upper electrode
107, and the metal film (Pt/Ti) under the piezoelectric film
111, part of the metal film uncovered by the etching mask
is etched and removed, and the lower electrode 106 is
thereby patterned.
[0201] The etching mask is formed as follows. The pi-
ezoelectric film 111, the electrode part 107c of the upper
electrode 107, and the metal film (Pt/Ti) under the pie-
zoelectric film 111 are coated with a photosensitive resist,
then prebaked, exposed with light where it is covered
with a mask on which a desired pattern is formed, devel-
oped, and postbaked.
[0202] The nozzle 101 is formed at the center of the
piezoelectric film 111 and the electrode parts 106c and
107c of the lower electrode 106 and the upper electrode
107.
[0203] With this structure, a portion without the metal
film and the piezoelectric film 111 is formed, the portion
and the electrode parts 106c and 107c and the piezoe-
lectric film 111 being concentric, the center of the portion
and the center of the electrode parts 106c and 107c and
the piezoelectric film 111 being the same.
[0204] In this way, the driving element 102 is formed
on the second surface 104b of the vibration plate 104.
[0205] By the patterning, the vibration plate 104 is ex-
posed except for the wiring part 106a of the lower elec-
trode 106, the electrode part 106c of the lower electrode
106, and the driving element 102.
[0206] Next, the insulation film 105 is formed on the
second surface 104b of the vibration plate 104 and the
driving element 102. The insulation film 105 is formed by
the CVD method, which realizes good insulation proper-
ties at a low temperature.
[0207] Alternatively, the insulation film 105 may be
formed by another method such as a sputtering method
and vapor deposition.
[0208] After the insulation film 105 is formed, the insu-
lation film 105 is patterned. Because the nozzle 101 is
formed, a portion without the insulation film 105 is formed,
the portion and the driving element 102 being concentric,
the center of the portion and the center of the driving
element 102 being the same.

[0209] At the same time, the contact part 113 is formed.
[0210] The diameter of the portion without the insula-
tion film 105 is, for example, 10 mm.
[0211] The insulation film 105 uncovered by the etch-
ing mask is etched and removed, and the insulation film
105 is thereby patterned. The etching mask is formed as
follows. The insulation film 105 is coated with a photo-
sensitive resist, then prebaked, exposed with light where
it is covered with a mask on which a desired pattern is
formed, developed, fixed, and postbaked.
[0212] Next, a metal film as the wiring part 106a and
the connection terminal parts 106b of the lower electrode
106 and the wiring parts 107a and the connection termi-
nal part 107b of the upper electrode 107 is formed on the
insulation film 105.
[0213] The metal film is a Ti (titanium)/AI (aluminum)
thin film formed by, for example, a sputtering method.
[0214] The film thickness of Ti is, for example, 0.1 mm.
The film thickness of Al is, for example, 0.4 mm.
[0215] The metal film may be formed by another meth-
od such as vacuum vapor deposition and metal plating.
[0216] The metal film is connected to any one of the
electrode part 106c of the lower electrode 106 and the
electrode part 107c of the upper electrode 107 through
the contact part 113.
[0217] By patterning the metal film, the wiring part 106a
and the connection terminal part 106b of the lower elec-
trode 106 and the wiring part 107a and the connection
terminal part 107b of the upper electrode 107 are formed.
[0218] An etching mask is formed on the metal film,
the metal film uncovered by the etching mask is etched
and removed, and the metal film is thereby patterned.
The etching mask is formed as follows. The metal film is
coated with a photosensitive resist, then prebaked, ex-
posed with light where it is covered with a mask on which
a desired pattern is formed, developed, and postbaked.
[0219] Next, an SiO2 film as the vibration plate 104 is
patterned, and part of the nozzle 101 is formed.
[0220] An etching mask is formed on the SiO2 film, the
SiO2 film uncovered by the etching mask is etched and
removed, and the SiO2 film is thereby patterned. The
etching mask is formed as follows. The vibration plate
104 is coated with a photosensitive resist, then prebaked,
exposed with light where it is covered with a mask on
which a desired pattern is formed, developed, and post-
baked.
[0221] Next, the protective film 108 is formed on the
vibration plate 104, the insulation film 105, the wiring part
106a and the connection terminal part 106b of the lower
electrode 106, and the wiring part 107a and the connec-
tion terminal part 107b of the upper electrode 107 by a
spin coating method (spin coating).
[0222] In other words, the protective film 108 that cov-
ers the insulation film 105 is formed.
[0223] First, polyimide precursor-containing solution
covers the second surface 104b of the vibration plate 104
and the insulation film 105. Next, the silicon wafer is ro-
tated, and the surface of the solution is thereby

19 20 



EP 3 246 164 B1

12

5

10

15

20

25

30

35

40

45

50

55

smoothed. The solution is baked for thermal polymeriza-
tion, and removed, and the protective film 108 is thereby
formed.
[0224] The protective film 108 may not be formed by
spin coating. The protective film 108 may be formed by
another method such as CVD, vacuum vapor deposition,
and metal plating.
[0225] By patterning the protective film 108, the nozzle
101 is formed and the connection terminal part 106b of
the lower electrode 106 and the connection terminal part
107b of the upper electrode 107 are exposed. The pro-
tective film 108 is patterned in the procedure depending
on the material of the protective film 108.
[0226] The case where the protective film 108 is
formed of non-photosensitive polyimide such as "Semi-
cofine" (registered trademark) produced by Toray indus-
tries, Inc. will be described.
[0227] First, polyimide precursor-containing solution is
spin coated to form a film. The solution is baked for ther-
mal polymerization, removed, and thereby burned and
formed.
[0228] After that, an etching mask is formed on the
non-photosensitive polyimide film, part of the non-pho-
tosensitive polyimide film uncovered by the etching mask
is etched and removed, and the non-photosensitive poly-
imide film is thereby patterned.
[0229] The etching mask is formed as follows. The non-
photosensitive polyimide film is coated with a photosen-
sitive resist, then prebaked, exposed with light where it
is covered with a mask on which a desired pattern is
formed, developed, and postbaked.
[0230] The case where the protective film 108 is made
of photosensitive polyimide such as "Photoneece" (reg-
istered trademark) produced by Toray industries, Inc. will
be described.
[0231] First, solution is spin coated to form a film. After
that, the solution is prebaked.
[0232] After that, the solution is patterned after expo-
sure with a mask and a developing process.
[0233] In the case of positive photosensitive polyimide,
portions of the mask, which correspond to the nozzle
101, the opening (not shown), the connection terminal
part 106b of the lower electrode 106, and the connection
terminal part 107b of the upper electrode 107, are opened
(light transmits through the portions).
[0234] In the case of negative photosensitive polyim-
ide, the mask shields portions of the mask, which corre-
spond to the nozzle 101, the opening (not shown), the
connection terminal part 106b of the lower electrode 106,
and the connection terminal part 107b of the upper elec-
trode 107, from light. After that, the resulting object is
postbaked and burned, and the protective film 108 is
thereby formed.
[0235] Next, a cover tape is adhered to the protective
film 108.
[0236] The cover tape is, for example, a back-side pro-
tective tape for chemical mechanical polishing (CMP) for
a silicon wafer.

[0237] The pressure cell structure 200 with the cover
tape is turned upside down, and the pressure cells 201
are formed through the pressure cell structure 200. The
pressure cells 201 are formed by patterning.
[0238] Figs. 3 and 4 are each a sectional view showing
the inkjet head according to this embodiment, on which
an insulating protective film is formed.
[0239] The pressure cell structure 200 is etched by us-
ing a vertical deep dry etching dedicated to silicon sub-
strates, which is called as Deep-RIE (see, for example,
WO2003/030239), and the pressure cells 201 are there-
by formed.
[0240] At this time, a resist mask on which a desired
pattern is formed is formed on the pressure cell structure
200 being a silicon wafer. With this structure, the pressure
cells 201 are formed in a desired pattern. The resist mask
is formed as follows. The pressure cell structure 200 is
coated with a photosensitive resist, then prebaked, ex-
posed with light where it is covered with a mask on which
a desired pattern is formed, developed, and postbaked.
[0241] SF6 gas is used for this etching. The SiO2 film
of the vibration plate 104 and the polyimide film of the
protective film 108 are not etched when SF6 gas is used.
[0242] Because of this, the silicon wafer, which forms
the pressure cells 201, is dry etched, but the vibration
plate 104 and the other members are not dry etched.
[0243] In other words, the vibration plate 104 functions
as an etching stop layer.
[0244] Note that instead of that etching, any one of
various methods may be used such as wet etching in
which chemical solution is used and dry etching in which
plasma is used.
[0245] The etching methods and the etching conditions
may be changed depending on the material.
[0246] As described above, steps from the step of
forming the driving element 102 and the nozzle 101 on
the vibration plate 104 to the step of forming the pressure
cells 201 in the pressure cell structure 200 are performed
by using film-forming techniques, photolithography etch-
ing techniques, and a spin coating method.
[0247] Because of this, the nozzle 101, the driving el-
ement 102, and the pressure cell 201 are formed in a
silicon wafer accurately and easily.
[0248] Next, the ink flow path structure 400 is bonded
to the second surface 200b of the pressure cell structure
200. Specifically, the ink flow path structure 400 is bond-
ed to the pressure cell structure 200 with epoxy-based
adhesive.
[0249] Next, a cover tape is adhered to part of the pro-
tective film 108, and the cover tape thereby covers the
connection terminal part 106b of the lower electrode 106
and the connection terminal part 107b of the upper elec-
trode 107.
[0250] The cover tape is made of resin, and the cover
tape can thereby be removed from the protective film 108
easily.
[0251] Thanks to the cover tape, dusts and the ink-
repellent film 109 less attach to the connection terminal
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part 106b of the lower electrode 106 and the connection
terminal part 107b of the upper electrode 107.
[0252] Next, the ink-repellent film 109 is formed on the
protective film 108.
[0253] A liquid ink-repellent film material is spin coated
on the protective film 108, and the ink-repellent film 109
is thereby formed.
[0254] At this time, positive pressure air is injected into
the ink inlet port.
[0255] As a result, positive pressure air is discharged
from the nozzle 101 in communication with the ink flow
path 401.
[0256] When the liquid ink-repellent film material is
coated on the protective film 108 in this situation, the ink-
repellent film material less attaches to the inner wall of
the nozzle 101.
[0257] After the ink-repellent film 109 is formed, the
cover tape is peeled from the protective film 108.
[0258] Next, the silicon wafer is divided, and the inkjet
heads 21 are thereby formed.
[0259] The inkjet head 21 is mounted in the inkjet print-
er 1.
[0260] A controller is connected to the connection ter-
minal part 106b of the lower electrode 106 via, for exam-
ple, a flexible cable.
[0261] Further, the ink inlet port and the ink outlet port
of the ink flow path structure 400 are connected to the
ink tank via, for example, a tube.
[0262] As described above, in this embodiment, the
nozzle plate 100 is formed on the pressure cell structure
200.
[0263] However, instead of forming the nozzle plate
100 on the pressure cell structure 200, part of the pres-
sure cell structure 200 may be used as the vibration plate
104.
[0264] For example, the driving element 102 is formed
on one surface of the pressure cell structure 200, and a
hole corresponding to the pressure cell 201 is formed on
the other surface of the pressure cell structure 200. The
hole does not penetrate through the pressure cell struc-
ture 200. The forming of the hole leaves a thin layer on
the one surface of the pressure cell structure 200, and
the thin layer serves as the vibration plate 104.
[0265] Next, with reference to Fig. 2, the operation and
effect of the structure according to this embodiment will
be described.
[0266] The inkjet head 21 of the inkjet printer 1 of this
embodiment includes the nozzle plate 100 on which the
nozzles 101 are formed, and the driving elements 102
(actuators) corresponding to the individual nozzles 101
one to one.
[0267] The nozzle plate 100 includes

the electrode parts 107c (electrode parts of common
electrodes), which are connected to the driving ele-
ments 102 and apply voltage to the driving elements
102, and
the electrode part 106c (electrode part of an individ-

ual electrode) for applying voltage to the correspond-
ing driving element 102.

[0268] Further, the parallel arrangement parts 106f are
provided at the end of the nozzle plate 100 (e.g., end on
the left side of Fig. 2).
[0269] The parallel arrangement parts 106f are ar-
ranged along the longer-side direction of the vibration
plate 104 (longer-side direction of the nozzle plate 100).
[0270] Each of the parallel arrangement part 106f in-
cludes the connection terminal parts 106b being the con-
nection terminals of the individual electrodes.
[0271] Each of the connection terminal parts 106b is
connected to the electrode part 106c of the lower elec-
trode 106.
[0272] The connection terminal parts 106b are ar-
ranged in the parallel arrangement part 106f along the
longer-side direction of the vibration plate 104 (longer-
side direction of the nozzle plate 100).
[0273] The connection terminal part 107b is located
between the connection terminal parts 106b.
[0274] The connection terminal part 107b is arranged
outside of the parallel arrangement part 106f.
[0275] The connection terminal part 107b is located
between the parallel arrangement parts 106f.
[0276] The connection terminal part 107b is located at
both ends of the parallel arrangement part 106f.
[0277] According to this structure, the connection ter-
minal parts 107b of the upper electrode 107 can be pulled
out to the end of the nozzle plate 100 with high frequency.
[0278] As a result, the distance between the electrode
part 107c and the connection terminal part 107b in the
driving element 102 can be decreased as compared with
the case where the connection terminal part 107b, which
is the connection terminal of the electrode part 107c and
the external element for applying voltage, is arranged
only at the end of the head body.
[0279] According to this structure, the distance be-
tween the driving element 102 and the connection termi-
nal part 107b of the electrode part 107c can be de-
creased. As a result, the voltage changes caused due to
wiring resistance can be reduced.
[0280] Further, the difference between the maximum
distance and the minimum distance between the elec-
trode part 107c and the connection terminal part 107b in
the driving element 102 can be decreased.
[0281] As a result, the difference between voltage
changes in the driving elements 102 is decreased, and
the stability of the driving of each driving element 102
can be thereby maintained.
[0282] In addition, because the connection terminal
parts 107b are provided with high frequency, current con-
centration can be avoided and the reduction in yield due
to short-circuiting, wiring damage, or the like, can be sup-
pressed.
[0283] In addition, in this embodiment, the driving ele-
ments 102 (actuators) are divided into groups, and the
electrode parts 106c of the lower electrodes 106 (indi-
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vidual electrodes) and the electrode part 107c of the up-
per electrode 107 (common electrode) are arranged for
each group.
[0284] As shown in Fig. 2, the wiring part 107a of the
upper electrode 107 is arranged at the substantially cen-
tral position of each driving element 102 with 8 driving
elements 102 as one group, herein.
[0285] The wiring part 106a of the lower electrode 106
extends in the direction perpendicular to the direction in
which the wiring parts 107a are arranged.
[0286] Note that the wiring parts 106a of the lower elec-
trode 106 are arranged at both ends of the driving ele-
ments 102 for each group in the direction in which the
parallel arrangement parts 106f of the connection termi-
nal part 106b of the lower electrode 106 are arranged.
[0287] Further, the wiring parts 106a of the lower elec-
trode 106 are arranged between one line of driving ele-
ments 102 and the next line of driving elements 102, the
lines being adjacent to each other in the longer-side di-
rection of the nozzle plate 100, and is pulled out to the
connection terminal parts 106b.
[0288] According to this structure, the driving elements
102 in each group can be regularly formed to have the
same shape, and the method of manufacturing the inkjet
heads 21 can be made easy.
[0289] Note that the number of driving elements 102
in one group does not necessarily need to be the same
and the number of driving elements in each group may
be changed although the example in which all of the
groups have the same number of driving elements 102
with 8 driving elements 102 as one group has been de-
scribed in this embodiment.
[0290] Also in this case, the difference between the
maximum distance and the minimum distance between
the electrode part 107c and the connection terminal part
107b in the driving element 102 can be decreased.
[0291] As a result, by forming the connection terminal
parts 107b of the electrode part 107c with high frequency,
the maximum distance between the connection terminal
parts 107b of the electrode part 107c and the driving el-
ements 102 can be decreased and the difference be-
tween the maximum distance and the minimum distance
can be reduced, at the same time. The driving element
102 is thereby less affected.
[0292] According to this embodiment, it is possible to
decrease the maximum distance between the connection
terminal of the common electrode and the driving element
(actuator), and to provide an inkjet head and an inkjet
recording apparatus having high stability obtained by
driving each driving element stably.
[0293] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the scope of the

appended claims.

Claims

1. An inkjet head, comprising:

nozzles (101), each of the nozzles ejecting ink;
a nozzle plate (100), the nozzles being arranged
on the nozzle plate;
actuators (102) arranged on the nozzle plate,
the actuators corresponding to the nozzles one
to one;
individual electrodes (106) arranged on the noz-
zle plate, each of the individual electrodes in-
cluding a connection terminal (106b) connected
to an external element, each of the individual
electrodes applying voltage to the correspond-
ing actuator; and
a common electrode (107) arranged on the noz-
zle plate, the common electrode applying volt-
age to the actuators, the common electrode in-
cluding a connection terminal (107b) connected
to the external element,
characterized in that the connection terminal
is arranged between the connection terminals
of the individual electrodes.

2. The inkjet head according to Claim 1, wherein
the actuators are divided into groups,
the individual electrodes and the common electrode
are provided for each of the groups, and
a parallel arrangement part is provided at an end of
the nozzle plate for each of the groups, the parallel
arrangement part including the connection terminals
of the individual electrodes arranged in parallel.

3. The inkjet head according to Claim 2, wherein
the connection terminal of the common electrode is
provided outside of the parallel arrangement part.

4. The inkjet head according to Claim 3, wherein
each of the individual electrodes includes

an electrode part connected to the correspond-
ing actuator, and
a wiring part that connects the connection ter-
minal of the individual electrode and the elec-
trode part to each other, and

the wiring part is arranged between the actuators
and is pulled out to the connection terminal of the
individual electrode.

5. The inkjet head according to any one of Claims 2 to
4, wherein
each of the groups has the same number of individual
electrodes.
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6. The inkjet head according to Claim 4 or 5, wherein
the wiring parts of the individual electrode for one
group are provided at both the sides of the corre-
sponding group of the actuators in an arrangement
direction, the connection terminals of the individual
electrodes being arranged in the parallel arrange-
ment part in the arrangement direction.

7. An inkjet recording apparatus, comprising:

a conveyer apparatus that conveys recording
paper; and
the inkjet head according to any one of Claims
1 to 6.

Patentansprüche

1. Tintenstrahlkopf, umfassend:

Düsen (101), wobei jede der Düsen Tinte aus-
stößt;
eine Düsenplatte (100), wobei die Düsen auf der
Düsenplatte angeordnet sind;
Aktoren (102), die auf der Düsenplatte angeord-
net sind, wobei die Aktoren den Düsen eins zu
eins entsprechen;
einzelne Elektroden (106), die auf der Düsen-
platte angeordnet sind, wobei jede der einzel-
nen Elektroden einen Verbindungsanschluss
(106b) enthält, der mit einem externen Element
verbunden ist, wobei jede der einzelnen Elek-
troden eine Spannung an den entsprechenden
Aktor anlegt; und
eine gemeinsame Elektrode (107), die auf der
Düsenplatte angeordnet ist, wobei die gemein-
same Elektrode eine Spannung an die Aktoren
anlegt, wobei die gemeinsame Elektrode einen
Verbindungsanschluss (107b) enthält, der mit
dem externen Element verbunden ist,
dadurch gekennzeichnet, dass der Verbin-
dungsanschluss zwischen den Verbindungsan-
schlüssen der einzelnen Elektroden angeordnet
ist.

2. Tintenstrahlkopf nach Anspruch 1, wobei
die Aktoren in Gruppen aufgeteilt sind,
die einzelnen Elektroden und die gemeinsame Elek-
trode für jede der Gruppen bereitgestellt sind, und
ein paralleler Anordnungsteil an einem Ende der Dü-
senplatte für jede der Gruppen bereitgestellt ist, wo-
bei der parallele Anordnungsteil die Verbindungsan-
schlüsse der einzelnen parallel angeordneten Ele-
lektroden enthält.

3. Tintenstrahlkopf nach Anspruch 2, wobei der Ver-
bindungsanschluss der gemeinsamen Elektrode au-
ßerhalb des parallelen Anordnungsteils bereitge-

stellt ist.

4. Tintenstrahlkopf nach Anspruch 3, wobei
jede der einzelnen Elektroden enthält
einen Elektrodenteil, das mit dem entsprechenden
Aktor verbunden ist, und einen Verdrahtungsteil, das
den Verbindungsanschluss der einzelnen Elektrode
und den Elektrodenteil miteinander verbindet, und
wobei der Verdrahtungsteil zwischen den Aktoren
angeordnet ist und zu dem Verbindungsanschluss
der einzelnen Elektrode herausgezogen ist.

5. Tintenstrahlkopf nach einem der Ansprüche 2 bis 4,
wobei jede der Gruppen die gleiche Anzahl von ein-
zelnen Elektroden aufweist.

6. Tintenstrahlkopf nach Anspruch 4 oder 5, wobei die
Verdrahtungsteile der einzelnen Elektrode für eine
Gruppe auf beiden Seiten der entsprechenden
Gruppe der Aktoren in einer Anordnungsrichtung be-
reitgestellt sind, wobei die Verbindungsanschlüsse
der einzelnen Elektroden in dem parallelen Anord-
nungsteil in der Anordnungsrichtung angeordnet
sind.

7. Tintenstrahlaufzeichnungsgerät, umfassend:

eine Fördervorrichtung, die Aufzeichnungspa-
pier befördert; und
einen Tintenstrahlkopf nach einem der Ansprü-
che 1 bis 6.

Revendications

1. Tête à jet d’encre, comprenant :

des injecteurs (101), chacun des injecteurs éjec-
tant de l’encre ;
une plaque d’injecteur (100), les injecteurs étant
agencés sur la plaque d’injecteur ;
des actionneurs (102) agencés sur la plaque
d’injecteur, les actionneurs correspondant un à
un aux injecteurs ;
des électrodes individuelles (106) agencées sur
la plaque d’injecteur, chacune des électrodes
individuelles comportant une borne de raccor-
dement (106b) raccordée à un élément externe,
chacune des électrodes individuelles appliquant
une tension sur l’actionneur correspondant ; et
une électrode commune (107) agencée sur la
plaque d’injecteur, l’électrode commune appli-
quant une tension sur les actionneurs, l’électro-
de commune comportant une borne de raccor-
dement (107b) raccordée à l’élément externe,
caractérisée en ce que la borne de raccorde-
ment est agencée entre les bornes de raccor-
dement des électrodes individuelles.
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2. Tête à jet d’encre selon la revendication 1, dans la-
quelle
les actionneurs sont divisés en groupes,
les électrodes individuelles et l’électrode commune
sont prévues pour chacun des groupes, et
une partie d’agencement en parallèle est agencée
à une extrémité de la plaque d’injecteur pour chacun
des groupes, la partie d’agencement en parallèle
comportant les bornes de raccordement des élec-
trodes individuelles agencées en parallèle.

3. Tête à jet d’encre selon la revendication 2, dans la-
quelle
la borne de raccordement de l’électrode commune
est agencée à l’extérieur de la partie d’agencement
en parallèle.

4. Tête à jet d’encre selon la revendication 3, dans la-
quelle
chacune des électrodes individuelles comporte
une partie d’électrode raccordée à l’actionneur cor-
respondant, et
une partie de câblage qui raccorde la borne de rac-
cordement de l’électrode individuelle et la partie
d’électrode l’une à l’autre, et
la partie de câblage est agencée entre les action-
neurs et est tirée jusqu’à la borne de raccordement
de l’électrode individuelle.

5. Tête à jet d’encre selon l’une quelconque des reven-
dications 2 à 4, dans laquelle
chacun des groupes comporte le même nombre
d’électrodes individuelles.

6. Tête à jet d’encre selon la revendication 4 ou 5, dans
laquelle
les parties de câblage de l’électrode individuelle pour
un groupe sont agencées au niveau des deux côtés
du groupe correspondant des actionneurs suivant
une direction d’agencement, les bornes de raccor-
dement des électrodes individuelles étant agencées
dans la partie d’agencement en parallèle suivant la
direction d’arrangement.

7. Dispositif d’enregistrement à jet d’encre,
comprenant :

un dispositif formant convoyeur qui transporte
une feuille d’enregistrement ; et
la tête à jet d’encre selon l’une quelconque des
revendications 1 à 6.
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