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(54) LIQUID EJECTION HEAD

(57) A liquid ejection head according to an embodi-
ment includes a laminated piezoelectric body block and a
film substrate. In the laminated piezoelectric body block,
a plurality of piezoelectric actuators and pillars are alter-
nately disposed. In the filmsubstrate, a plurality of copper
foil interconnects for applying drive waveforms to the
respective piezoelectric actuators are formed, and the
copper foil interconnects are soldered to terminals of the

respective piezoelectric actuators to be electrically con-
nected thereto. In the copper foil interconnects of the film
substrate, an interconnect width changes to a tapered
shape before and after a boundary portion of a solder
resist region, the interconnect width on a solder resist
region side is large, and the interconnect width on a
solder connection region side is small.
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Description

FIELD

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

BACKGROUND

[0002] A liquid ejection head that supplies a predeter-
mined amount of liquid to a predetermined position is
known. The liquid ejection head is mounted on, for ex-
ample, an ink jet printer, a 3D printer, or a dispensing
device. The ink jet printer ejects droplets of ink froman ink
jet head to form an image or the like on a surface of a
recording medium. The 3D printer ejects droplets of a
shaping material from a shaping material ejection head
and cures the droplets to form a three-dimensional
shaped object. The dispensing device ejects droplets
of a sample and supplies a predetermined amount of
the droplets to a plurality of containers or the like.
[0003] The liquid ejection head includes a plurality of
channels for ejecting liquid. Each channel includes a
nozzle that ejects liquid, a pressure chamber that com-
municates with the nozzle, and a piezoelectric actuator
that changes a volume of the pressure chamber. The
liquid ejection head selects a channel for ejecting the
liquid from the plurality of channels, and applies a drive
waveform to the piezoelectric actuator of the selected
channel to eject the liquid.
[0004] The drive waveform is applied to a terminal of
the piezoelectric actuator via a copper foil interconnect
formed in a flexible interconnect board such as a flexible
printed circuit (FPC). The interconnect of each channel
disposed in a terminal portion of the flexible interconnect
board is connected to the terminal of each piezoelectric
actuator by collective soldering. However, for example,
since an interconnect width is small for a reason of a fine
pitch of the flexible interconnect board, disconnection is
likely to occur. In particular, the disconnection is likely to
occur at a boundary between a solder-connected region
and a region in which a solder resist is applied in the
flexible interconnect board.

DISCLOSURE OF THE INVENTION

[0005] To this end, a liquid ejection head, a printer, and
a 3-D printer according to appended claims are provided.

DESCRIPTION OF THE DRAWINGS

[0006]

FIG. 1 is anoverall configuration diagramof an ink jet
printer including an ink jet head according to an
embodiment;
FIG. 2 is a perspective view;
FIG.3 is apartially enlargedcross-sectional viewof a

head unit;
FIG. 4 is a partially enlarged cross-sectional view;
FIG. 5 is a partially enlarged plan view;
FIG. 6 is a plan view of a flexible printed interconnect
board connected to the head unit;
FIG. 7 is a diagram showing a connection structure
between an actuator and the flexible printed inter-
connect board;
FIG. 8 is a diagram showing the connection struc-
ture;
FIG. 9 is a partially enlarged view of the flexible
printed interconnect board;
FIG. 10 is a plan view of the flexible printed inter-
connect board, a flexible printed circuit board, and a
printed board connected to one another;
FIG. 11 is a drive circuit of the ink jet head;
FIG. 12 is a waveform diagram of a drive waveform
generated by the drive circuit;
FIG. 13 is a diagram showing operations of the
actuator to which the drive waveform is applied;
FIG. 14 is a partially enlarged view of a flexible
printed interconnect board according to a compara-
tive example; and
FIG. 15 is a partially enlarged view.

DETAILED DESCRIPTION

[0007] In general, according to one embodiment, a
liquid ejection head capable of preventing an occurrence
of disconnection in a film substrate formed with an inter-
connect for applying a drive waveform to a piezoelectric
actuator is provided.
[0008] A liquid ejection head according to an embodi-
ment includes a laminated piezoelectric body block and a
film substrate. In the laminated piezoelectric body block,
a plurality of piezoelectric actuators and pillars are alter-
nately disposed. In the filmsubstrate, a plurality of copper
foil interconnects for applying drive waveforms to the
respective piezoelectric actuators are formed, and the
copper foil interconnects are soldered to terminals of the
respective piezoelectric actuators to be electrically con-
nected thereto. In the copper foil interconnects of the film
substrate, an interconnect width changes to a tapered
shape before and after a boundary portion of a solder
resist region, the interconnect width on a solder resist
region side is large, and the interconnect width on a
solder connection region side is small.
[0009] According to the present invention, the width of
the copper foil interconnects changes to be a tapered
shape around the boundary portion between the solder
resist region and the solder connection region. The ta-
pered shape is formed so that the width of each copper
foil interconnect becomes smaller toward the solder con-
nection region. In this case, a taper ratio is preferably
from 1:10 to 1:8.
[0010] Hereinafter, a liquid ejection head according to
an embodiment will be described in detail with reference
to the accompanying drawings. In the drawings, the
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same components are denoted by the same reference
numerals.
[0011] An ink jet printer 10 that prints an image on a
recording medium will be described as an example of an
image forming apparatus on which the liquid ejection
head according to the embodiment is mounted. FIG. 1
shows a schematic configuration of the ink jet printer 10.
In the ink jet printer 10, a cassette 12 which accommo-
dates a sheet S which is an example of the recording
medium, an upstream conveyance path 13 for the sheet
S, a conveyance belt 14which conveys the sheet S taken
out of the cassette 12, a plurality of ink jet heads 100 to
103 which eject droplets of ink toward the sheet S on the
conveyance belt 14, a downstream conveyance path 15
for the sheet S, a discharge tray 16, and a control board
17aredisposed insideahousing11.Anoperationunit 18,
which is a user interface, is disposed on an upper side of
the housing 11.
[0012] Image data to be printed on the sheet S is
generated by, for example, a computer 200 which is an
externally connected device. The image data generated
by the computer 200 is sent to the control board 17 of the
ink jet printer 10 through a cable 201 and connectors 202
and 203.
[0013] Apickup roller 204 supplies the sheets S one by
one from the cassette 12 to the upstream conveyance
path13.Theupstreamconveyancepath13 includes feed
roller pairs 131 and 132 and sheet guide plates 133 and
134. The sheet S is fed to an upper surface of the
conveyance belt 14 via the upstream conveyance path
13. An arrow 104 in the drawing indicates a conveyance
path of the sheet S from the cassette 12 to the convey-
ance belt 14.
[0014] The conveyance belt 14 is amesh-shaped end-
less belt having a large number of through holes formed
in a surface thereof. Three rollers including a drive roller
141 and driven rollers 142 and 143 rotatably support the
conveyance belt 14. Amotor 205 rotates the conveyance
belt 14by rotating thedrive roller 141.Themotor 205 isan
example of a drive device. Reference numeral 105 in the
drawing denotes a rotation direction of the conveyance
belt 14. Anegative pressure container 206 is disposedon
a back surface side of the conveyance belt 14. The
negative pressure container 206 is connected to a de-
compression fan 207. The fan 207 creates a negative
pressure inside the negative pressure container 206 by
forming an airflow, and causes the sheet S to be ad-
sorbed and held on the upper surface of the conveyance
belt 14. Reference numeral 106 in the drawing denotes a
flow of the airflow.
[0015] The ink jet heads 100 to 103 as an example of
the liquid ejection head are disposed so as to face the
sheet S adsorbed and held on the conveyance belt 14
withaslight gapof, for example, 1mmtherebetween.The
ink jet heads 100 to 103 separately eject droplets of ink
toward the sheet S. The ink jet heads 100 to 103 print an
image when the sheet S passes below the ink jet heads
100 to 103. The ink jet heads 100 to 103 have the same

structure except for different colors of the ink to be
ejected. The colors of the ink are, for example, cyan,
magenta, yellow, and black.
[0016] The ink jet heads 100 to 103 are respectively
connected to ink tanks 315 to 318 and ink supply pres-
sureadjustingdevices321 to324via ink flowpaths311 to
314. The ink tanks 315 to 318 are disposed above the ink
jet heads 100 to 103, respectively. At the time of standby,
each of the ink supply pressure adjusting devices 321 to
324 adjusts a pressure inside of each of the ink jet heads
100 to 103 to a negative pressure with respect to an
atmospheric pressure, for example, ‑1.2 kPa, such that
the ink does not leak from nozzles 24 (see FIG. 2) of the
ink jet heads 100 to 103. During the image formation, the
ink in each of the ink tanks 315 to 318 is supplied to each
of the ink jet heads 100 to 103 by the ink supply pressure
adjusting devices 321 to 324.
[0017] After the image formation, the sheet S is fed
from the conveyance belt 14 to the downstream convey-
ance path 15. The downstream conveyance path 15
includes feed roller pairs 151, 152, 153, and 154 and
sheet guide plates 155 and 156 that define a conveyance
path for the sheet S. The sheet S is fed from a discharge
port 157 to the discharge tray 16 via the downstream
conveyance path 15. An arrow 107 in the drawing indi-
cates the conveyance path for the sheet S.
[0018] Next, a configuration of the ink jet heads 100 to
103will bedescribed.Hereinafter, the ink jet head100will
be describedwith reference toFIGS. 2 to 5, and the ink jet
heads 101 to 103 also have the same structure as the ink
jet head 100.
[0019] Asshown inFIG. 2, the ink jet head100 includes
a head unit 2 as an example of a liquid ejection unit. The
head unit 2 includes a nozzle plate 23 which is an ex-
ample of a nozzle portion. The nozzles 24 of respective
ejection channels that eject ink are disposed side by side
along a first direction of the nozzle plate 23, for example,
anXdirection.Anozzledensity is setwithin a rangeof, for
example, 150 dpi to 1200 dpi. The nozzles 24 are not
limited to being disposed side by side in one row, butmay
be disposed side by side in a plurality of rows. The head
unit 2 is connected to the ink supply pressure adjusting
device 321 in FIG. 1 via the ink flow path 311. A detailed
internal configuration of the head unit 2 will be described
later.
[0020] Theheadunit 2 is connected to a flexible printed
interconnect board 20. The flexible printed interconnect
board 20 is a flexible printed interconnect board using, for
example, a resin film. The flexible printed interconnect
board 20 is, for example, a flexible printed circuit (FPC).
Theflexible printed interconnect board 20 is connected to
a flexible printed circuit board 21. A drive integrated
circuit (IC) 3 (hereinafter, referred to as a drive IC) which
is a driver chip is mounted on the flexible printed circuit
board 21. The flexible printed circuit board 21 is, for
example, a chip on film (COF). The flexible printed circuit
board 21 is connected to a printed board 22. The printed
board 22 is a hard through-hole board in which an epoxy
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resin layer containing glass fibers and a copper inter-
connect layer are laminated in multiple layers. The drive
IC 3 serving as a control unit of the ink jet head 100
temporarily stores data sent from the control board 17
including a CPU serving as a control unit of the ink jet
printer 10 via the printed board 22, and applies a drive
signal to each ejection channel so as to eject ink at a
predetermined timing.
[0021] The flexible printed interconnect board 20 such
as anFPC is an example of a film substrate. In FIG. 2, the
flexible printed interconnect board 20 and the flexible
printed circuit board21onwhich thedrive IC3 ismounted
are separate boards, and may be integrated with each
other. A detailed configuration of the flexible printed
interconnect board 20 will be described later.
[0022] FIGS. 3 to 5 are partial cross-sectional views of
the head unit 2. FIG. 4 is a cross-sectional view taken
along a line A-A in FIG. 3, and FIG. 5 is a cross-sectional
view taken along a line B-B in FIG. 3. The nozzle plate 23
is bonded to one surface of a pressure chamber board 4.
The nozzle plate 23 is a rectangular plate formed of a
resin such as a polyimide or a metal such as stainless
steel. A diaphragm 5 is bonded to one surface of the
pressure chamber board 4 on an opposite side from the
nozzle plate 23. The diaphragm 5 has flexibility to be
deformed when an external force is applied. The dia-
phragm 5 is a thin platemade of ametal such as nickel or
stainless steel. The material of the diaphragm 5 may be
other than a metal, such as a polyimide film.
[0023] A pressure chamber 42 is formed in the pres-
sure chamber board 4. The pressure chambers 42 of the
respective ejection channels are disposed side by side at
positions of the respective nozzles 24 and separately
communicatewith thenozzles24.Thepressurechamber
board 4 is formed of a metal such as stainless steel. The
pressurechamber42 is formedby, for example, forminga
rectangular opening penetrating a second direction, for
example, a Z direction, in the pressure chamber board 4
and closing openings on both sides with the nozzle plate
23 and the diaphragm 5.
[0024] Thepressure chamber 42 communicateswith a
guide flowpath 43 having a narrowed portion, and further
communicates with an ink supply manifold 45 via an ink
supply port 44 which is an opening hole penetrating the
diaphragm5.Theguideflowpath43 is formed inagroove
shape in a third direction, for example, a Y direction on
one surface of the pressure chamber board 4 on a
diaphragm 5 side for each pressure chamber 42. The
ink supply manifold 45 is formed in a frame 46 bonded to
one surface of the diaphragm 5. The ink supply manifold
45 extends in the X direction and communicates with the
pressure chamber 42 of each channel via the ink supply
port 44 and the guide flow path 43 of each channel. The
ink supplymanifold 45 serving as a common ink chamber
communicateswith the inkflowpath311 (seeFIGS.1and
2).
[0025] Actuators 6 of the respective ejection channels
are disposed side by side at positions facing the pressure

chambers 42 of the respective ejection channels with the
diaphragm5 sandwiched between the actuator 6 and the
pressure chamber 42. An end surface of the actuator 6 of
each ejection channel in a ‑Z direction is bonded to the
diaphragm 5 constituting a part of a partition wall of the
pressure chamber 42 by, for example, an adhesive. The
actuator 6, which is an example of a piezoelectric actua-
tor, is a laminated piezoelectric actuator formed by alter-
nately laminating a piezoelectric body 61 such as a
piezoelectric element, a first internal electrode 62, and
a second internal electrode 63 in a layered manner
(particularly, see FIG. 3). The piezoelectric body 61 is
disposed such that polarization directions are opposite to
each other in, for example, the Z direction, and are
deformed in a d33 mode. The piezoelectric body 61 is
formed of a lead-containing piezoelectric material such
as lead zirconate titanate (PZT) or a lead-free piezo-
electric material such as potassium sodium niobate.
[0026] The first internal electrode 62 and the second
internal electrode63areconductive films formedonmain
surfaces of the piezoelectric body 61. The first internal
electrode 62 and the second internal electrode 63 are
formed of a conductivematerial that can be fired, such as
silver palladium. The first internal electrodes 62 of the
actuator 6 are formed up to one side surface of the
actuator 6 in the Y direction, and are connected to an
individual electrode 64 which is an external electrode
formed on the corresponding side surface. The second
internal electrodes 63 are formed up to the other side
surface of the actuator 6 in a ‑Y direction, and are con-
nected to a common electrode 65 which is an external
electrode formed on the corresponding side surface. A
dummy layer 68 is made of the same material as the
piezoelectric body 61. However, the dummy layer 68 is
not provided with an internal electrode and is not de-
formed since an electric field is not applied thereto. The
individual electrode 64 and the common electrode 65 are
formed of, for example, Ni, Cr, or Au.
[0027] In particular, as shown in FIG. 4, pillars 60 are
disposed between the actuators 6 of the respective ejec-
tion channels via grooves 69. The pillar 60 is disposed at
a position corresponding to a partition wall 40 between
the adjacent pressure chambers 42. The drive actuators
6 and dummy actuators serving as the pillars 60 are
collectively formed using the common piezoelectric body
61, the first internal electrodes 62, the second internal
electrodes 63, the individual electrode 64, and the com-
mon electrode 65, and the grooves 69 are formed, there-
by forming a laminated piezoelectric body block 600
having a comb tooth shape. The dummy layer 68 posi-
tioned on a base end side of the actuator 6 serves as a
base that connects the actuators 6 and the pillars 60 that
are alternately adjacent to each other. The laminated
piezoelectric body block 600 is fixed by bonding end
surfaces in the Z direction to a surface of a board 47.
[0028] The individual electrode 64 of the actuators 6 of
the laminated piezoelectric body block 600 is separated
for each channel in the X direction which is a depth
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direction in FIG. 3, and is connected to an individual
interconnect 66 of the flexible printed interconnect board
20 (see FIG. 5). The flexible printed interconnect board
20 includes a resin film 26 as a base material, the in-
dividual interconnects 66, and a solder resist layer 27.
The individual interconnect 66 will be described in detail
later. Although not shown, the common electrode 65 of
the actuators 6 connected to each other by using, for
example, a portion of the dummy layer 68 is led out to an
individual electrode 64 side by using, for example, side
surfaces of the pillars 60 positioned at both ends of the
laminated piezoelectric body block 600, or by extending
the piezoelectric bodies 61 of the pillars 60 positioned at
both ends of the laminated piezoelectric body block 600,
and is connected to a common interconnect formed on
the flexible printed interconnect board 21.
[0029] Next, a connection structure between the ac-
tuator 6 and the flexible printed interconnect board 20will
bedescribed indetailwith reference toFIGS.6 to10.FIG.
6 is a plan view of the flexible printed interconnect board
20. FIG. 7 is a diagram in which the actuator 6 and the
flexible printed interconnect board 20 are extracted from
FIG. 3. FIG. 8 is a diagram inwhich the actuator 6 and the
flexible printed interconnect board 20 are extracted from
FIG. 5. FIG. 9 is a partially enlarged view of the flexible
printed interconnect board 20. FIG. 10 is a plan view of
the flexible printed interconnect board 20, the flexible
printed circuit board 21, and the printed board 22 con-
nected to one another.
[0030] As shown in FIG. 6, the individual interconnect
66 of the flexible printed interconnect board 20 is formed
for eachejection channel fromasolder connection region
7, which is a terminal portion on a side connected to the
actuator 6, to a terminal portion 70 on a side connected to
the flexible printed circuit board 21. In FIG. 6, for con-
venience of drawing, the number of the individual inter-
connects 66 is illustrated to be small, but the number of
the individual interconnects 66 is the sameas thenumber
of the actuators 6 to be driven. Each individual intercon-
nect 66 is formed of a copper foil on a surface of the resin
film26as thebasematerial. A solder resist region71 (see
FIG. 6) of each individual interconnect 66 is covered with
the solder resist layer 27 (see FIG. 7) formed by applying
a solder resist resin such as epoxy. Instead of applying
the solder resist resin, a cover layer made of a resin film
may be attached to a copper foil surface of the flexible
printed interconnect board 20, and the attached region
maybeusedas the solder resist region.Whena tip endof
the flexible printed interconnect board 20 on which the
solder resist layer 27 is formed is subjected to electrolytic
plating with solder, a surface of each individual intercon-
nect 66 in the solder connection region 7 is plated with
solder 72 (solder plating) (see FIG. 8). Instead of the
electrolytic plating, cream solder may be attached to the
solder connection region 7, and the surface of the indi-
vidual interconnect 66 in the solder connection region 7
may be covered with the solder by heating. The solder is
used for soldering described later. Similarly, a common

interconnect 67 is formed from the solder connection
region 7 to the terminal portion 70 on the surface of the
resin film 26, and the solder connection region 7 is
covered with solder by solder plating or the like. In order
to reduce current concentration when the plurality of
actuators 6 are simultaneously charged and discharged,
the common interconnect 67 has an interconnect width
larger than that of the individual interconnect 66 and is
formed in a pair on both sides of the flexible printed
interconnect board 20 in the X direction. The pair of
common interconnects 67 are connected to both sides
of the laminated piezoelectric body block 600, and are
commonly connected to the commonelectrodes65of the
actuators 6 connected to one another by using, for ex-
ample, a portion of the dummy layer 68. The interconnect
width of the individual interconnect 66 varies depending
on a location as described later, and is formed within a
range of 22 um to 84 µm, for example. The interconnect
width of the common interconnect 67 is, for example, 0.8
mm. A thickness of the individual interconnect 66 and the
common interconnect 67 is, for example, 8 µm.
[0031] A lead portion 73 (see FIG. 9) of the individual
interconnect 66 to overlap a surface of the individual
electrode 64 of the actuator 6 has an interconnect width
L1 smaller than a pillar width L2 of the actuator 6 in the X
direction (see FIG. 8). Further, in the X direction, a width
L3 after the solder plating is also preferably smaller than
the pillar width L2 of the actuator 6. The individual inter-
connects 66 are disposed in parallel at equal intervals
such as at a pitch P2 such that a center line of the lead
portion 73 overlaps a center line of a pillar surface of the
facing actuator 6.
[0032] The individual interconnect 66 has the intercon-
nect width changed in a tapered shape before and after a
boundary portion 74 of the solder resist region 71. The
interconnect width is larger on a solder resist region 71
side and smaller on a solder connection region 7 side in
theX direction. That is, the individual interconnect 66 has
a tapered portion 75 in which the interconnect width
increases from the lead portion 73 toward the solder
resist region 71. As described above, in the laminated
piezoelectric body block 600, the actuator 6 and the pillar
60 are alternately disposed, and the individual intercon-
nect 66 is not connected to the pillar 60, and thus, the
interconnect width can be increased using an empty
space. As in an example of a size to be described later,
the interconnect width in the X direction can be three
times or more as compared with that of the lead portion
73. The boundary portion 74 of the solder resist region 71
passes through the tapered portion 75. The boundary
portion 74 of the solder resist region 71 is preferably
positioned so as to straddle a center portion of the ta-
pered portion 75 in the Z direction. More preferably, the
boundary portion 74 is positioned at a half length of the
tapered portion 75 in the Z direction. A portion of the lead
portion73of the individual interconnect 66closer to the -Z
direction is connected to the individual electrode64of the
actuator 6 (see FIG. 7). Accordingly, in the portion 75 in
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which the interconnect width of the individual intercon-
nect 66 changes in the tapered shape, the change in the
taperedshape isendedon thesolder resist region71side
with respect to the lead portion 73 soldered to the in-
dividual electrode 64 of the actuator 6.
[0033] Asanexample of the size of each configuration,
when the pillar width L2 of the actuator 6 and a pillarwidth
L4 of the pillar 60 are both 52.5 um and a pitch P1
between the alternately disposed actuator 6 and pillar
60 is 84.5 um in the X direction, the interconnect width L1
of the lead portion 73 of the individual interconnect 66 is
22 um and the pitch P2 is 169 umwhich is the same as a
pitch between the actuators 6. A width L5 of the solder
connection region 7 in the Z direction is 1350 um from an
edge of the flexible printed interconnect board 20, and a
length L6 of the lead portion 73 of the individual inter-
connect 66 in the Z direction is 1075 um. The lead portion
73 is formed to have the same interconnect width without
changing the interconnect width in the X direction.
[0034] In the tapered portion 75 following the lead
portion 73 in the Z direction, an interconnect width L7
in theXdirectionafter changing to the taperedshape is84
um.An interconnect interval L8 in theXdirectionbetween
the adjacent individual interconnects 66 is 85 um. A
length L9 of the tapered portion 75 in the Z direction is
550 um. A taper ratio in this case is about 1:9. The
boundary portion 74 of the solder resist region 71 passes
through the half length (= 275 um) of the tapered portion
75 in the Z direction. The individual interconnect 66 in the
solder connection region 7 is subjected to the solder
plating to have a thickness of 10 µm.
[0035] The flexible printed interconnect board 20 is
positioned such that the center line of the lead portion
73 of the individual interconnect 66 overlaps the center
line of the pillar surface of the facing actuator 6, the solder
72 is melted by heating, and the lead portions 73 of the
individual interconnects 66 and the individual electrodes
64 of the actuators 6 are collectively solder-connected.
For example, as shown in FIG. 7, the actuator 6 having a
length L10 of 1700 um in the Y direction is solder-con-
nected to overlap the pillar surface in the Z direction in a
range where a length L11 of the lead portion 73 of the
individual interconnect 66 is 660 um. The flexible printed
interconnect board 20 generally has a thermal expansion
coefficient different from that of the actuator 6. Since the
flexible printed interconnect board 20 normally has a
thermal expansion coefficient larger than that of the
actuator 6, the flexible printed interconnect board 20
may bemade smaller in size in advance in consideration
of deformation due to heat during the solder connection,
and the center line of the lead portion 73 of the individual
interconnect 66 may be intended to exactly overlap and
be bonded to the center line of the pillar surface of the
facing actuator 6 by thermal expansion during the solder-
ing.
[0036] The interconnect width L1 (for example, 22µm)
of the lead portion 73 of the individual interconnect 66 in
the X direction is smaller than the pillar width L2 (for

example, 52.5 µm) of the actuator 6 in the X direction,
and the width after the solder plating with a thickness of
10 um is also smaller than the pillar width of the actuator
6. Therefore, the excess solder 72 is prevented from
wrapping around the side surface of the actuator 6 when
being heated, and for example, the first internal electrode
62 and the second internal electrode 63 are prevented
from being electrically connected. Further, the flowing
solder 72 is prevented from attaching to the adjacent
pillar 60.Asdescribedabove, inacasewhere thepillar 60
is formed by the dummy actuator, when the solder 72
flows to the pillar 60 and is electrically connected to the
individual interconnect 66, conduction may occur, which
is however can be prevented.
[0037] In the present embodiment, the solder used for
soldering is supplied by plating or the like in advance the
individual interconnect 66of the solder connection region
7which is an electrode at the tip end of the flexible printed
interconnect board 20, but the solder may be supplied
from the actuator 6 side by attaching the solder to the
electrode64of theactuator 6.Both theelectrodeat the tip
end of the flexible printed interconnect board 20 and the
electrode 64 of the actuator 6 may be covered with the
solder, so that the solder may be supplied from both the
electrode at the tip end of the flexible printed interconnect
board 20 and the electrode 64 of the actuator 6.
[0038] As shown in FIG. 10, the individual intercon-
nects 66 and the common interconnects 67 led out to the
terminal portions 70 overlap a terminal portion 8 of the
flexible printed circuit board 21 and are connected to
individual interconnects 81 and common interconnects
82 of the flexible printed circuit board 21, respectively.
Since the pitch of the individual interconnects 66 on a
terminal portion 70 side is smaller than that on the solder
connection region 7 side in the X direction, the individual
interconnects 66 are fixed by an anisotropic conductive
film (ACF), ananisotropic conductivepaste (ACP), anon-
conductive film (NCF), a non-conductive paste (NCP), or
the like instead of the solder connection, and are aniso-
tropically connected in a thickness direction.
[0039] The flexible printed circuit board 21 is a flexible
film substrate formed using a synthetic resin film such as
a polyimide. The drive IC 3 is, for example, a driver chip
formed on a silicon semiconductor substrate. On the
flexible printed circuit board 21, the individual intercon-
nects 81, the common interconnects 82, input intercon-
nects 83, a power supply interconnect 84 with a voltage
V1,apowersupply interconnect 85withavoltageV2,and
a ground interconnect 86 are formed. The individual
interconnects 81 led out from the drive IC 3 are output
interconnects of the drive waveform generated by the
drive IC 3. On the other hand, the input interconnects 83
ledout of thedrive IC3are formedup toa terminal portion
87 on the side connected to the printed board 22. Since
the drive IC 3 can be controlled by serial communication,
the number of the input interconnects 83 can be smaller
than the number of the individual interconnects 81 as the
output interconnects.
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[0040] The power supply interconnect 84 with the vol-
tage V1, the power supply interconnect 85 with the vol-
tage V2, and the ground interconnect 86 are separately
connected to the drive IC 3. The power supply intercon-
nect 84 with the voltage V1, the power supply intercon-
nect 85 with the voltage V2, and the ground interconnect
86 are separately formed up to the terminal portion 87 on
the side connected to theprinted board 22. The individual
interconnects 81, the common interconnects 82, the
input interconnects 83, the power supply interconnect
84 with the voltage V1, the power supply interconnect 85
with the voltage V2, and the ground interconnect 86 are
formedof, for example, acopper foil.Althoughnot shown,
each interconnect of the flexible printed circuit board21 is
covered with a solder resist layer except for a mounting
regionof thedrive IC3and the like, the terminal portions8
and 87, and the like.
[0041] Control lines91, apower supply interconnect92
with the voltage V1, a power supply interconnect 93 with
the voltage V2, and a ground interconnect 94 are sepa-
rately formed in a terminal portion 9 of the printed board
22. The control line 91 is connected to the input inter-
connects 83 of the flexible printed circuit board 21. The
power supply interconnect 92 with the voltage V1 is
connected to the power supply interconnect 84 of the
flexible printed circuit board 21. The power supply inter-
connect 93 with the voltage V2 is connected to the power
supply interconnect 85 of the flexible printed circuit board
21. The ground interconnect 94 is connected to the
ground interconnect 86 and the common interconnects
82 of the flexible printed circuit board 21. To the control
line 91, a signal such as print data, for selectively driving
each actuator 6 sent from the control board 17 including
theCPUwhich is the control unit of the ink jet printer 10 is
given. The drive voltageV1 is applied to thepower supply
interconnect 92 by a power supply 95. The drive voltage
V2 is applied to the power supply interconnect 93 by a
power supply 96. The ground interconnect 94 is con-
nected to a ground (GND) on the control board 17 of the
ink jet printer 10, for example.
[0042] Next, a control systemof the ink jet head100will
be described. FIG. 11 is a circuit diagram of the control
system of the ink jet head 100. As shown in FIG. 11, the
actuators 6 (#1 ch, #2 ch,··· #n ch) of the respective
ejection channels connect the individual electrodes 64
tooutput terminalsofdrivedriversD (that is, drivecircuits)
of the drive IC 3 via the individual interconnects 66 and
81. Further, the actuators 6 connect the common elec-
trodes 65 to a common potential via the common inter-
connects 67 and 82. The common potential is, for ex-
ample, a ground (GND). The power supply 95 with the
drive voltage V1 and the power supply 96 with the drive
voltageV2applied to theactuators 6are connected to the
drive IC 3.
[0043] Next, an ink ejection operationwill be described
with reference to FIGS. 12 and 13. Each drive driver D of
the drive IC 3 applies a drive waveform to the individual
electrode 64 of each actuator 6 using the drive voltages

V1 and V2 and the ground (GND). The voltage V1 is, for
example, 20 V. The voltage V2 is, for example, 10 V. The
ground (GND) is, for example, 0 V. The actuator 6 to be
driven is based on, for example, print data.
[0044] FIG. 12 is an example of the drive waveform
applied to the actuator 6. As shown in FIG. 12, when the
actuator 6 in which a ground potential is applied to the
common electrode 65 is driven, the voltage V2 is applied
to the individual electrode 64 to be in a standby state.
When the voltageV2 is applied, an electric field is applied
in a direction of a polarization axis of the piezoelectric
body 61, and as shown in (a) in FIG. 13, the actuator 6
extends in a lamination direction (Z direction) and a
volume of the pressure chamber 42 is reduced. The
above is performed prior to an ink ejection timing. There-
after, a potential of the individual electrode 64 is first
lowered to the ground (GND) at the ink ejection timing
(time t1 in FIG. 12), whereby the extended actuator 6
returns to an original state, that is, relatively contracts,
and the volume of the pressure chamber 42 relatively
expands, as shown in (b) in FIG. 13. As the volume of the
pressure chamber 42 expands, the ink flows into the
pressure chamber 42 via the guide flow path 43.
[0045] Then, for example, when the voltage V2 is
applied to the individual electrode 64 at a time t2 in
FIG. 12 after 1/2 of a pressure vibration cycle of the head
unit 2 elapses, as shown in (c) in FIG. 13, the actuator 6
extends in the lamination direction (Z direction) and the
volume of the pressure chamber 42 is relatively reduced,
whereby droplets R of ink are ejected from the nozzle 24.
Then, for example, after 1/2 of the pressure vibration
cycle of the head unit 2 elapses, the voltageV1 is applied
to the individual electrode 64 at a time t3 in FIG. 12, and is
returned to the voltage V2 at a time t4 after a predeter-
mined time elapses. The volume of the pressure cham-
ber 42 is reduced and restored by the expansion ((d) in
FIG. 13) and restoration ((a) in FIG. 13) of the actuator 6
at this time, and a residual vibration due to this operation
is attenuated. Thus, the volume of the pressure chamber
42 changes in accordance with a longitudinal vibration of
the actuator 6 in the lamination direction, and the ink can
be ejected.
[0046] As described above, in the flexible printed inter-
connect board 20, the interconnect width of the individual
interconnect 66 changes in the tapered shapebefore and
after the boundary portion 74 of the solder resist region
71, and the interconnect width on the solder resist region
71 side larger. Accordingly, even if the interconnect width
of the lead portion 73 connected to the individual elec-
trode 64 of the actuator 6 is reduced, the interconnect
width is increased so as to straddle the boundary portion
74 of the solder resist region 71, thereby preventing
disconnection. Even if the interconnect width changes
before and after the boundary portion 74 of the solder
resist region 71, the disconnection is likely to occur when
the interconnect width does not change in tapered
shapes as in FIGS. 14 and 15. For example, as shown
in FIG. 14, when a non-tapered interconnect width con-
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version unit is located at a boundary between the solder
resist region 71 and the solder connection region 7 or in
the solder resist region 71, the thinner interconnect is
likely to be disconnected when the flexible printed inter-
connect board 20 is curved. In addition, as shown in FIG.
15, when a non-tapered interconnect width conversion
unit is located on a side of a region where the solder
plating is performed, the solder which is plated on a
thicker interconnect is likely to cause a short circuit.
[0047] As described above, according to the above-
described embodiment, it is possible to prevent an oc-
currence of the disconnection in the flexible printed inter-
connect board 20 inwhich the individual interconnects 66
for applying the drive waveform to the actuator 6 are
formed of the copper foil.
[0048] The actuator 6 is not limited to a laminated type
in which a plurality of piezoelectric bodies 61 are lami-
nated. The actuator 6 may be formed of a single layer of
the piezoelectric body 61. The operation of the actuator
when the drive voltage is applied is not limited to the
longitudinal vibration. Further, the embodiment is not
limited to a drop-on-demand piezoelectric method, and
may be applied to a continuous method.
[0049] In the above-described embodiment, the ink jet
head 100 of the ink jet printer 10 is described as an
example of the liquid ejection head, but the liquid ejection
head may be a shaping material ejection head of a 3D
printer or a sample ejection head of a dispensing device.
[0050] That is, the liquid ejection head of the above-
described embodiment can be expressed as follows.

(1) A liquid ejection head including:

a laminated piezoelectric body block in which a
plurality of piezoelectric actuators andpillars are
alternately disposed; and
a film substrate in which a plurality of copper foil
interconnects for applying drive waveforms to
the respective piezoelectric actuators are
formed, and the copper foil interconnects are
soldered to terminals of the respective piezo-
electric actuators to be electrically connected
thereto, in which
in the copper foil interconnects of the film sub-
strate, an interconnect width changes to a ta-
peredshapebeforeandafter a boundaryportion
of a solder resist region, the interconnect width
on a solder resist region side is large, and the
interconnect width on a solder connection re-
gion side is small.

(2) In the copper foil interconnects, an interconnect
width of a lead portion soldered to the terminal of the
piezoelectric actuator is smaller than a pillar width of
the piezoelectric actuator and changes to the ta-
pered shape to be equal to or larger than the pillar
width of the piezoelectric actuator, and
the boundary portion of the solder resist region

straddles a center portion of a portion where the
interconnect width changes to the tapered shape.
(3) The solder resist region is formed by covering a
surface of a copper foil of the film substrate with a
resin film.
(4) The solder resist region is formed of a resin
applied to a surface of a copper foil of the film sub-
strate.
(5) The soldered portion of the copper foil intercon-
nect is outside the solder resist region and is sub-
jected to solder plating.
(6) In a portion in which the interconnect width
changes to the tapered shape, the interconnect
width is increased by utilizing a fact that the pillar
is provided between the adjacent piezoelectric ac-
tuators.
(7) In the portion in which the interconnect width
changes to the tapered shape, the change is ended
on the solder resist region side with respect to the
lead portion soldered to the terminal of the piezo-
electric actuator.

[0051] Theembodiments have been presented byway
of example and are not intended to limit the scope of the
disclosure. These novel embodiments can be implemen-
ted in various other forms, and various omissions, sub-
stitutions, andmodifications canbemadewithout depart-
ing from the gist of the disclosure. The embodiments and
the modifications thereof are included in the scope and
the gist of the disclosure, and are included in a scope of
the disclosure disclosed in the claims and equivalents
thereof.

Claims

1. A liquid ejection head (100‑103) comprising:

a laminated piezoelectric body block (600) in
which a plurality of piezoelectric actuators (6)
and pillars (60) are alternately disposed; and
a film substrate in which a plurality of copper foil
interconnects for applying drive waveforms to
the respective piezoelectric actuators are
formed, and the copper foil interconnects are
soldered to terminals of the respective piezo-
electric actuators to be electrically connected
thereto, wherein
in the copper foil interconnects of the film sub-
strate, an interconnect width changes to a ta-
peredshapebeforeandafter a boundaryportion
(74) of a solder resist region (71), the intercon-
nect width on a solder resist region side is large,
and the interconnect width on a solder connec-
tion (7) region side is small.

2. The head according to claim 1, wherein
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in the copper foil interconnects, an interconnect
width of a lead portion soldered to the terminal of
the piezoelectric actuator is smaller than a pillar
width of the piezoelectric actuator and changes
to the tapered shape to be equal to or larger than
the pillar width of the piezoelectric actuator, and
the boundary portion of the solder resist region
straddles a center portion of a portion where the
interconnect width changes to the tapered
shape.

3. The head according to claim 1 or 2, wherein
the solder resist region is formed by covering a sur-
face of a copper foil of the film substrate with a resin
film.

4. The head according to claim 1 or 2, wherein
the solder resist region is formed of a resin applied to
a surface of a copper foil of the film substrate.

5. The head according to any one of claims 1 to 4,
wherein
the soldered portion of the copper foil interconnect is
outside the solder resist region and is subjected to
solder plating.

6. The head according to any one of claims 1 to 5,
wherein a taper ratio of the interconnectwidth having
a tapered shape before and after the boundary por-
tion (74) of a solder resist region (71)is from 1:10 to
1:8.

7. The head according to any one of claims 1 to 6,
wherein the actuator (6) is formed by alternatively
laminating a piezoelectric body (61) a first internal
electrode (62) andasecond internal electrode (63) in
a layered manner.

8. The head according to any one of claims 1 to 7,
wherein the liquid ejection head includes a plurality
of channels, each channel including a nozzle that
ejects liquid, apressurechamber that communicates
with the nozzle, and the piezoelectric actuator that
changes a volume of the pressure chamber.

9. The head according to claim 8, wherein the liquid
ejection head is configured to select a channel for
ejecting the liquid from the plurality of channels, and
applies a drive waveform to the piezoelectric actua-
tor of the selected channel.

10. The head according to any one of claims 8 or 9,
wherein the copper foil interconnects are individual
interconnects for each ejection channel.

11. An ink jet printer comprising a head according to any
one of claims 1 to 10.

12. A3D printer comprising a head according to any one
of claims 1 to 10.
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