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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to an ink-jet head
for printing by ejecting ink onto a print medium, and to
an ink-jet printer having the ink-jet head.

2. Description of Related Art

[0002] In an ink-jet printer, an ink-jet head distributes
ink, which is supplied from an ink tank, to pressure cham-
bers. The ink-jet head selectively applies pressure to
each pressure chamber to eject ink through a nozzle. As
ameans for selectively applying pressure to the pressure
chambers, an actuator unitmay be used in which ceramic
piezoelectric sheets are laminated.

[0003] As an example, an ink-jet head of that kind is
known having one actuator unit in which continuous flat
piezoelectric sheets extending over a plurality of pres-
sure chambers are laminated and at least one of the pi-
ezoelectric sheets is sandwiched by a common electrode
common to many pressure chambers and being kept at
the ground potential, and many individual electrodes, i.e.,
driving electrodes, disposed at positions corresponding
to the respective pressure chambers (refer to US Pat.
No0.5,402,159). The part of piezoelectric sheet being
sandwiched by the individual and common electrodes
and polarized in its thickness is expanded or contracted
in its thickness direction as an active layer, by the so-
called longitudinal piezoelectric effect, when a individual
electrode on one face of the sheet is set at a different
potential from that of the common electrode on the other
face. The volume ofthe corresponding pressure chamber
thereby changes, so ink can be ejected toward a print
medium through a nozzle communicating with the pres-
sure chamber.

[0004] Insuchanink-jethead, to ensure good ink ejec-
tion performance, the actuator unit must be accurately
positioned to a passage unit so that the individual elec-
trodes must be at predetermined positions correspond-
ing to the respective pressure chambers in a plan view.
[0005] In many cases, such an ink-jet head as de-
scribed above is manufactured in the following manner
because of various restrictions on manufacture. That is,
the passage unit in which ink passages including pres-
sure chambers have been formed is manufactured sep-
arately from the actuator unit. The passage unit is then
bonded with an adhesive to the actuator unit so that the
pressure chambers be close to the actuator unit. This
bonding process is done as a mark formed on the pas-
sage unit is made to coincide with a mark formed on the
actuator unit.

[0006] Ingeneral, however, the piezoelectric sheets of
the actuator unit are manufactured through a sintering
process while the passage unit is laminated with metallic
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sheets. Therefore, the larger the size of the piezoelectric
sheets is, the lower the positional accuracy of the elec-
trodes is. Thus, the longer the head is, the more the po-
sitioning process is difficult between the pressure cham-
bers in the passage unit and the individual electrodes in
the actuator unit. As a result, the manufacture yield of
heads may be lowered.

[0007] On the other hand, the actuator unit is an ex-
pensive minute component and it is very brittle because
itis made of ceramic. Particularly in the actuator unit hav-
ing a polygonal shape, its corners are very easy to be
broken off. The break loss is a cause of an increase in
manufacture cost. Besides, very delicate handling of the
actuator unit is required such that any corner must not
collide against another component. This makes it difficult
to assemble the ink-jet head. From EP 0 620 670 an
imaging device is known which compensatig for impre-
cise device orientation and seam artifacts by providing
intentional transverse overlap between adjacent swaths.

SUMMARY OF THE INVENTION

[0008] An object of the present invention is to provide
an ink-jet head in which an actuator unit has been accu-
rately positioned to a passage unit.

[0009] Another object of the presentinvention is to pro-
vide an ink-jet head in which an actuator unit is hard to
be broken.

[0010] According to the present invention provided is
an ink-jet head according to claim 1.

[0011] In this construction, each of the actuator units
can be positioned to the passage unit independently of
each other. Therefore, even in case of a long head, the
increase in positional shift between electrode and pres-
sure chamber of each actuator unit can be suppressed.
Thus, both can accurately be positioned to each other.
As a result, good ink ejection performance can be ob-
tained and the manufacture yield of heads is improved.
In addition, since the pressure generation portions in the
additional region provided in an actuator unit correspond
to the gap portion between them and the pressure gen-
eration portions in the basic region of a neighboring ac-
tuator unit, the number of pressure generation portions
can not be made small in the vicinity of the seam portion
between the actuator unit and the neighboring actuator
unit. Therefore, a head can be obtained in which there
is substantially no variation in the number of pressure
generation portions along the longitudinal direction of the
passage unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Other and further objects, features and advan-
tages of the invention will appear more fully from the fol-
lowing description taken in connection with the accom-

panying drawings in which:

FIG. 1is a general view of an ink-jet printer including
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ink-jet heads according to a first embodiment of the
present invention;

FIG. 2 is a perspective view of an ink-jet head ac-
cording to a first embodiment of the present inven-
tion;

FIG. 3 is a sectional view taken along line IlI-1ll in
FIG. 2;

FIG. 4 is a plan view of a head main body included
in the ink-jet head of FIG. 2;

FIG. 5 is an enlarged view of the region enclosed
with an alternate long and short dash line in FIG. 4;
FIG. 6 is an enlarged view of the region enclosed
with an alternate long and short dash line in FIG. 5;
FIG. 7 is a partial sectional view of the head main
body of FIG. 4;

FIG. 8 is an enlarged view of the region enclosed
with an alternate long and two short dashes line in
FIG. 5;

FIG. 9 is a partial exploded view of the head main
body of FIG. 4;

FIG. 10 is an enlarged sectional view when laterally
viewing the region enclosed with an alternate long
and short dash line in FIG. 7;

FIG. 11 is a plan view of a head main body included
in anink-jet head according to a second embodiment
of the present invention;

FIG. 12 is a bottom view of the head main body of
FIG. 11;

FIG. 13 is a cross-sectional view of the head main
body of FIG. 11;

FIG. 14 is an enlarged view of the region Q enclosed
with an alternate long and short dash line in FIG. 13;
FIG. 15 is a partial sectional view of the head main
body of FIG. 11;

FIG. 16 is an enlarged sectional view illustrating the
detailed construction of an actuator unit in the head
main body of FIG. 11;

FIG. 17 is an enlarged plan view of an actuator unit
in the head main body of FIG. 11;

FIG. 18 is an enlarged plan view showing a seam
portion between two actuator units of FIG. 17;

FIG. 19 is an enlarged plan view of an actuator unit
according to a modification of a second embodiment
of the present invention;

FIG. 20 is an enlarged plan view showing a seam
portion between two actuator units of FIG. 19;

FIG. 21Ais aplan view of a head main body included
in an ink-jet head according to a modification of the
second embodiment, in which four actuator units are
arranged;

FIG. 21Bis a plan view of a head main body included
in an ink-jet head according to another modification
of the second embodiment, in which four actuator
units are arranged;

FIG. 22 is a plan view of a head main body included
in an ink-jet head according to a third embodiment
of the present invention;

FIG. 23 is a bottom view of the head main body of
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FIG. 22;

FIG. 24 is a cross-sectional view of the head main
body of FIG. 22;

FIG. 25 is an enlarged view of the region E enclosed
with an alternate long and short dash line in FIG. 24;
FIG. 26 is a partial sectional view of the head main
body of FIG. 22;

FIG. 27 is an enlarged sectional view illustrating the
detailed construction of an actuator unit in the head
main body of FIG. 22;

FIG. 28A is a schematic view illustrating the profile
of an actuator unit included in the head main body
of FIG. 22;

FIG. 28B is a schematic view illustrating the profile
of an actuator unit as a modification;

FIG. 29Ais a plan view of a modification of the head
main body of FIG. 22, which includes heptagonal
actuator units;

FIG. 29B is a plan view of an actuator unit included
in the head main body of FIG. 29A;

FIG. 30A is a plan view of another modification of
the head main body of FIG. 22, which includes oc-
tagonal actuator units;

FIG. 30B is a plan view of an actuator unit included
in the head main body of FIG. 30A;

FIG. 31A is a plan view of still another modification
of the head main body of FIG. 22, which includes
partially rounded actuator units;

FIG. 31B is a plan view of an actuator unit included
in the head main body of FIG. 31A; and

FIG. 32 is a schematic view of a principal part of an
ink-jet printer according to the fourth embodiment of
the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] First, an ink-jet head as a reference for under-
standing ink-jet heads according to embodiments of the
present invention will be described with reference to
FIGS. 110 10. FIG. 1is ageneral view of an ink-jet printer
including ink-jet heads according to a first embodiment
of the present invention. The ink-jet printer 101 as illus-
trated in FIG. 1 is a color ink-jet printer having four ink-
jet heads 1. In this printer 101, a paper feed unit 111 and
a paper discharge unit 112 are disposed in left and right
portions of FIG. 1, respectively.

[0014] Inthe printer 101, a paper transfer path is pro-
vided extending from the paper feed unit 111 to the paper
discharge unit 112. A pair of feed rollers 105a and 105b
is disposed immediately downstream of the paper feed
unit 111 for pinching and putting forward a paper as an
image record medium. By the pair of feed rollers 105a
and 105b, the paper is transferred from the left to the
right in FIG. 1. In the middle of the paper transfer path,
two belt rollers 106 and 107 and an endless transfer belt
108 are disposed. The transfer belt 108 is wound on the
belt rollers 106 and 107 to extend between them. The
outer face, i.e., the transfer face, of the transfer belt 108
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has been treated with silicone. Thus, a paper fed through
the pair of feed rollers 105a and 105b can be held on the
transfer face of the transfer belt 108 by the adhesion of
the face. In this state, the paper is transferred down-
stream (rightward) by driving one belt roller 106 to rotate
clockwise in FIG. 1 (the direction indicated by an arrow
104).

[0015] Pressing members 109a and 109b are dis-
posed at positions for feeding a paper onto the belt roller
106 and taking out the paper from the belt roller 106,
respectively. Either of the pressing members 109a and
109b is for pressing the paper onto the transfer face of
the transfer belt 108 so as to prevent the paper from
separating from the transfer face of the transfer belt 108.
Thus, the paper surely adheres to the transfer face.
[0016] A peeling device 110 is provided immediately
downstream of the transfer belt 108 along the paper
transfer path. The peeling device 110 peels off the paper,
which has adhered to the transfer face of the transfer belt
108, from the transfer face to transfer the paper toward
the rightward paper discharge unit 112.

[0017] Each of the four ink-jet heads 1 has, at its lower
end, a head main body 1a. Each head main body 1a has
a rectangular section. The head main bodies la are ar-
ranged close to each other with the longitudinal axis of
each head main body 1abeing perpendicular to the paper
transfer direction (perpendicular to FIG. 1). That is, this
printer 101 is a line type. The bottom of each of the four
head main bodies la faces the paper transfer path. In
the bottom of each head main body 1a, a number of noz-
zles are provided each having a small-diameter ink ejec-
tion port. The four head main bodies 1a eject ink of ma-
genta, yellow, cyan, and black, respectively.

[0018] The head main bodies la are disposed such
that a narrow clearance is formed between the lower face
of each head main body 1a and the transfer face of the
transfer belt 108. The paper transfer path is formed within
the clearance. In this construction, while a paper, which
is being transferred by the transfer belt 108, passes im-
mediately below the four head main bodies 1a in order,
the respective color inks are ejected through the corre-
sponding nozzles toward the upper face, i.e., the print
face, of the paper to form a desired color image on the
paper.

[0019] The ink-jet printer 101 is provided with a main-
tenance unit 117 for automatically carrying out mainte-
nance of the ink-jet heads 1. The maintenance unit 117
includes four caps 116 for covering the lower faces of
the four head main bodies 1a, and a not-illustrated purge
system.

[0020] The maintenance unit 117 is at a position im-
mediately below the paper feed unit 111 (withdrawal po-
sition) while the ink-jet printer 101 operates to print. When
a predetermined condition is satisfied after finishing the
printing operation (for example, when a state in which no
printing operation is performed continues for a predeter-
mined time period or when the printer 101 is powered
off), the maintenance unit 117 moves to a position im-
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mediately below the four head main bodies 1a (cap po-
sition), where the maintenance unit 117 covers the lower
faces of the head main bodies la with the respective
caps 116 to prevent ink in the nozzles of the head main
bodies 1a from being dried.

[0021] The belt rollers 106 and 107 and the transfer
belt 108 are supported by a chassis 113. The chassis
113 is put on a cylindrical member 115 disposed under
the chassis 113. The cylindrical member 115 is rotatable
around a shaft 114 provided at a position deviating from
the center of the cylindrical member 115. Thus, by rotat-
ing the shaft 114, the level of the uppermost portion of
the cylindrical member 115 can be changed to move up
or down the chassis 113 accordingly. When the mainte-
nance unit 117 is moved from the withdrawal position to
the cap position, the cylindrical member 115 must have
been rotated at a predetermined angle in advance so as
to move down the transfer belt 108 and the belt rollers
106 and 107 by a pertinent distance from the position
illustrated in FIG. 1. A space for the movement of the
maintenance unit 117 is thereby ensured.

[0022] In the region surrounded by the transfer belt
108, a nearly rectangular parallelepiped guide 121 (hav-
ing its width substantially equal to that of the transfer belt
108) is disposed at an opposite position to the ink-jet
heads 1. The guide 121 is in contact with the lower face
of the upper part of the transfer belt 108 to support the
upper part of the transfer belt 108 from the inside.
[0023] Next, the construction of each ink-jet head 1
according to this embodiment will be described in more
detail. FIG. 2 is a perspective view of the ink-jet head 1.
FIG. 3 is a sectional view taken along line llI-1ll in FIG.
2. Referring to FIGS. 2 and 3, the ink-jet head 1 according
to this embodiment includes a head main body 1a having
a rectangular shape in a plan view and extending in one
direction (main scanning direction), and a base portion
131 for supporting the head main body la. The base
portion 131 supporting the head main body 1a further
supports thereon driver ICs 132 for supplying driving sig-
nals to individual electrodes 35a and 35b (see FIG. 6 and
FIG. 10), and substrates 133.

[0024] Referring to FIG. 2, the base portion 131 is
made up of a base block 138 partially bonded to the upper
face of the head main body 1a to support the head main
body 1a, and a holder 139 bonded to the upper face of
the base block 138 to support the base block 138. The
base block 138 is a nearly rectangular parallelepiped
member having substantially the same length of the head
main body 1a. The base block 138 made of metal material
such as stainless steel has a function as a light structure
for reinforcing the holder 139. The holder 139 is made
up of a holder main body 141 disposed near the head
main body 1a, and a pair of holder support portions 142
each extending on the opposite side of the holder main
body 141 to the head main body 1a. Each holder support
portion 142 is as a flat member. These holder support
portions 142 extend along the longitudinal direction of
the holder main body 141 and are disposed in parallel
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with each other at a predetermined interval.

[0025] Skirt portions 141a in a pair, protruding down-
ward, are provided in both end portions of the holder main
body 141a in a sub scanning direction (perpendicular to
the main scanning direction). Either skirt portion 141a is
formed through the length of the holder main body 141.
As a result, in the lower portion of the holder main body
141, a nearly rectangular parallelepiped groove 141b is
defined by the pair of skirt portions 141a. The base block
138 is received in the groove 141b. The upper surface
of the base block 138 is bonded to the bottom of the
groove 141b of the holder main body 141 with an adhe-
sive. The thickness of the base block 138 is somewhat
larger than the depth of the groove 141b of the holder
main body 141. As a result, the lower end of the base
block 138 protrudes downward beyond the skirt portions
141a.

[0026] Withinthe base block 138, as a passage for ink
to be supplied to the head main body 1a, an ink reservoir
3is formed as a nearly rectangular parallelepiped space
(hollow region) extending along the longitudinal direction
of the base block 138. In the lower face 145 of the base
block 138, openings 3b (see FIG. 4) are formed each
communicating with the ink reservoir 3. The ink reservoir
3 is connected through a not-illustrated supply tube with
a not-illustrated main ink tank (ink supply source) within
the printer main body. Thus, the ink reservoir 3 is suitably
supplied with ink from the main ink tank.

[0027] Inthe lower face 145 of the base block 138, the
vicinity of each opening 3b protrudes downward from the
surrounding portion. The base block 138 is in contact
with a passage unit 4 (see FIG. 3) of the head main body
la at the only vicinity portion 145a of each opening 3b
of the lower face 145. Thus, the region of the lower face
145 of the base block 138 other than the vicinity portion
145a of each opening 3b is distant from the head main
body la. Actuator units 21 are disposed within the dis-
tance.

[0028] To the outer side face of each holder support
portion 142 of the holder 139, a driver IC 132 is fixed with
an elastic member 137 such as a sponge being inter-
posed between them. A heatsink 134 is disposed in close
contact with the outer side face of the driver IC 132. The
heat sink 134 is made of a nearly rectangular parallele-
piped member for efficiently radiating heat generated in
the driver IC 132. A flexible printed circuit (FPC) 136 as
a power supply member is connected with the driver IC
132. The FPC 136 connected with the driver IC 132 is
bonded to and electrically connected with the corre-
sponding substrate 133 and the head main body 1a by
soldering. The substrate 133 is disposed outside the FPC
136 above the driver IC 132 and the heat sink 134. The
upper face of the heat sink 134 is bonded to the substrate
133 with a seal member 149. Also, the lower face of the
heat sink 134 is bonded to the FPC 136 with a seal mem-
ber 149.

[0029] Between the lower face of each skirt portion
141a of the holder main body 141 and the upper face of
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the passage unit 4, a seal member 150 is disposed to
sandwich the FPC 136. The FPC 136 is fixed by the seal
member 150 to the passage unit 4 and the holder main
body 141. Therefore, even if the head main body 1a is
elongated, the head main body 1a can be prevented from
being bent, the interconnecting portion between each ac-
tuator unit and the FPC 136 can be prevented from re-
ceiving stress, and the FPC 136 can surely be held.
[0030] Referringto FIG. 2, in the vicinity of each lower
corner of the ink-jet head 1 along the main scanning di-
rection, six protruding portions 30a are disposed at reg-
ular intervals along the corresponding side wall of the
ink-jet head 1. These protruding portions 30a are provid-
ed at both ends in the sub scanning direction of a nozzle
plate 30 in the lowermost layer of the head main body 1a
(see FIGS. 7A and 7B). The nozzle plate 30 is bent by
about 90 degrees along the boundary line between each
protruding portion 30a and the other portion. The pro-
truding portions 30a are provided at positions corre-
sponding to the vicinities of both ends of various papers
to be used for printing. Each bent portion of the nozzle
plate 30 has a shape not right-angled but rounded. This
makes it hard to bring about clogging of a paper, i.e.,
jamming, which may occur because the leading edge of
the paper, which has been transferred to approach the
head 1, is stopped by the side face of the head 1.
[0031] FIG.4isaschematic planview ofthe head main
body 1a. In FIG. 4, an ink reservoir 3 formed in the base
block 138 is imaginarily illustrated with a broken line. Re-
ferringto FIG. 4, the head main body 1a has arectangular
shape in the plan view extending in one direction (main
scanning direction). The head main body 1a includes a
passage unit4inwhich alarge number of pressure cham-
bers 10 and a large number of ink ejection ports 8 at the
front ends of nozzles (as for both, see FIGS. 5, 6, and
7), as described later. Trapezoidal actuator units 21 ar-
ranged in two lines in a zigzag manner are bonded onto
the upper face of the passage unit 4. Each actuator unit
21isdisposed suchthatits parallel opposed sides (upper
and lower sides) extend along the longitudinal direction
of the passage unit 4. The oblique sides of each neigh-
boring actuator units 21 overlap each other in the lateral
direction of the passage unit 4.

[0032] The lower face of the passage unit 4 corre-
sponding to the bonded region of each actuator unit 4 is
made into an ink ejection region. In the surface of each
ink ejection region, a large number of ink ejection ports
8 are arranged in a matrix, as described later. In the base
block 138 disposed above the passage unit 4, an ink
reservoir 3 is formed along the longitudinal direction of
the base block 138. The ink reservoir 3 communicates
with an ink tank (not illustrated) through an opening 3a
provided at one end of the ink reservoir 3, so that the ink
reservoir 3 is always filled up with ink. In the ink reservoir
3, pairs of openings 3b are provided in regions where no
actuator unit 21 is present, so as to be arranged in a
zigzag manner along the longitudinal direction of the ink
reservoir 3.
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[0033] FIG. 5 is an enlarged view of the region en-
closed with an alternate long and short dash line in FIG.
4. Referring to FIGS. 4 and 5, the ink reservoir 3 com-
municates through each opening 3b with a manifold
channel 5 disposed under the opening 3b. Each opening
3b is provided with a filter (not illustrated) for catching
dust and dirt contained in ink. The front end portion of
each manifold channel 5 branches into two sub-manifold
channels 5a. Below a single one of the actuator unit 21,
two sub-manifold channels 5a extend from each of the
two openings 3b on both sides of the actuator unit 21 in
the longitudinal direction of the ink-jet head 1. That is,
below the single actuator unit 21, four sub-manifold chan-
nels 5a in total extend along the longitudinal direction of
the ink-jet head 1. Each sub-manifold channel 5a is filled
up with ink supplied from the ink reservoir 3.

[0034] FIG. 6 is an enlarged view of the region en-
closed with an alternate long and short dash line in FIG.
5. Referring to FIGS. 5 and 6, on the upper face of each
actuator unit 21, individual electrodes 35a each having
a nearly rhombic shape in a plan view are regularly ar-
ranged in a matrix. In addition, individual electrodes 35b
having the same shape as the individual electrodes 35a
are disposed in the actuator unit 21 to vertically overlap
the respective individual electrodes 35a. A large number
of ink ejection ports 8 are regularly arranged in a matrix
in the surface of the ink ejection region corresponding to
the actuator unit 21 of the passage unit 4. In the passage
unit 4, pressure chambers (cavities) 10 each having a
nearly rhombic shape in a plan view somewhat larger
than that of the individual electrodes 35a and 35b are
regularly arranged in a matrix. Besides in the passage
unit 4, apertures 12 are also regularly arranged in a ma-
trix. These pressure chambers 10 and apertures 12 com-
municate with the corresponding ink ejection ports 8. The
pressure chambers 10 are provided at positions corre-
sponding to the respective individual electrodes 35a and
35b. In a plan view, the large part of the individual elec-
trode 35a and 35b is included in a region of the corre-
sponding pressure chamber 10. In FIGS. 5 and 6, for
making it easy to understand the drawings, the pressure
chambers 10, the apertures 12, etc., are illustrated with
solid lines though they should be illustrated with broken
lines because they are within the actuator unit 21 or the
passage unit 4.

[0035] FIG. 7 is a partial sectional view of the head
main body 1a of FIG. 4 along the longitudinal direction
of a pressure chamber. As apparent from FIG. 7, each
ink ejection port 8 is formed at the front end of a tapered
nozzle. Each ink ejection port 8 communicates with a
sub-manifold channel 5a through a pressure chamber 10
(length: 900 m, width: 350 m) and an aperture 12. Thus,
within the ink-jet head 1 formed are ink passages 32 each
extending from an ink tank to an ink ejection port 8
through an ink reservoir 3, a manifold channel 5, a sub-
manifold channel 5a, an aperture 12, and a pressure
chamber 10.

[0036] Referring to FIG. 7, the pressure chamber 10
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and the aperture 12 are provided at different levels.
Therefore, in the portion of the passage unit 4 corre-
sponding to the ink ejection region under an actuator unit
21, an aperture 12 communicating with one pressure
chamber 10 can be disposed within the same portion in
plan view as a pressure chamber 10 neighboring the
pressure chamber 10 communicating with the aperture
12. As a result, since pressure chambers 10 can be ar-
ranged close to each other at a high density, image print-
ing at a high resolution can be realized with an ink-jet
head 1 having a relatively small occupation area.
[0037] Inthe plane of FIGS. 5 and 6, pressure cham-
bers 10 are arranged within an ink ejection region in two
directions, i.e., a direction along the longitudinal direction
of the ink-jet head 1 (first arrangement direction) and a
direction somewhat inclining from the lateral direction of
the ink-jet head 1 (second arrangement direction). The
first and second arrangement directions form an angle
somewhat smaller than the right angle. The ink ejection
ports 8 are arranged at 50 dpi (dots per inch) in the first
arrangement direction. On the other hand, the pressure
chambers 10 are arranged in the second arrangement
direction such that the ink ejection region corresponding
to one actuator unit 21 include twelve pressure chambers
10. Therefore, within the whole width of the ink-jet head
1, in a region of the interval between two ink ejection
ports 8 neighboring each other in the first arrangement
direction, there are twelve ink ejection ports 8. At both
ends of each ink ejection region in the first arrangement
direction (correspondingto an oblique side of the actuator
unit 21), the above condition is satisfied by making a com-
pensation relation to the ink ejection region correspond-
ing to the opposite actuator unit 21 in the lateral direction
of the ink-jet head 1. Therefore, in the ink-jet head 1, by
ejecting ink droplets in order through a large number of
ink ejection ports 8 arranged in the first and second di-
rections with relative movement of a paper along the lat-
eral direction of the ink-jet head 1, printing at 600 dpi in
the main scanning direction can be performed.

[0038] Next, the construction of the passage unit 4 will
be described in more detail with reference to FIG. 8. FIG.
8 is a schematic view showing the positional relation
among each pressure chamber 10, each ink ejection port
8, and each aperture (restricted passage) 12. Referring
to FIG. 8, pressure chambers 10 are arranged in lines in
the firstarrangement direction at predetermined intervals
at 500 dpi. Twelve lines of pressure chambers 10 are
arranged in the second arrangement direction. As the
whole, the pressure chambers 10 are two-dimensionally
arranged in the ink ejection region corresponding to one
actuator unit 21.

[0039] The pressure chambers 10 are classified into
two kinds, i.e., pressure chambers 10a in each of which
anozzle is connected with the upper acute portionin FIG.
8, and pressure chambers 10b in each of which a nozzle
is connected with the lower acute portion. Pressure
chambers 10a and 10b are arranged in the first arrange-
ment direction to form pressure chamber lines 11a and
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11b, respectively. Referring to FIG. 8, in the ink ejection
region corresponding to one actuator unit 21, from the
lower side of FIG. 8, there are disposed two pressure
chamber lines 11a and two pressure chamber lines 11b
neighboring the upper side of the pressure chamber lines
11a. The four pressure chamber lines of the two pressure
chamber lines 11a and the two pressure chamber lines
11b constitute a set of pressure chamber lines. Such a
set of pressure chamber lines is repeatedly disposed
three times from the lower side in the ink ejection region
corresponding to one actuator unit 21. A straight line ex-
tending through the upper acute portion of each pressure
chamber in each pressure chamber line 11a and 11b
crosses the lower oblique side of each pressure chamber
in the pressure chamber line neighboring the upper side
of that pressure chamber line.

[0040] As described above, when viewing perpendic-
ularly to FIG. 8, two first pressure chamber lines 11a and
two pressure chamber lines 11b, in which nozzles con-
nected with pressure chambers 10 are disposed at dif-
ferent positions, are arranged alternately to neighbor
each other. Consequently, as the whole, the pressure
chambers 10 are arranged regularly. On the other hand,
nozzles are arranged in a concentrated manner in a cen-
tral region of each set of pressure chamber lines consti-
tuted by the above four pressure chamber lines. There-
fore, in case that each four pressure chamber lines con-
stitute a set of pressure chamber lines and such a set of
pressure chamber lines is repeatedly disposed three
times from the lower side as described above, there is
formed a region where no nozzle exists, in the vicinity of
the boundary between each neighboring sets of pressure
chamber lines, i.e., on both sides of each set of pressure
chamber lines constituted by four pressure chamber
lines. Wide sub-manifold channels 5a extend there for
supplying ink to the corresponding pressure chambers
10. In this ink-jet head, in the ink ejection region corre-
sponding to one actuator unit 21, four wide sub-manifold
channels 5ain total are arranged in the first arrangement
direction, i.e., one on the lower side of FIG. 8, one be-
tween the lowermost set of pressure chamber lines and
the second lowermost set of pressure chamber lines, and
two on both sides of the uppermost set of pressure cham-
ber lines.

[0041] Referring to FIG. 8, nozzles communicating
with ink ejection ports 8 for ejecting ink are arranged in
the first arrangement direction at regular intervals at 50
dpi to correspond to the respective pressure chambers
10 regularly arranged in the first arrangement direction.
On the other hand, while twelve pressure chambers 10
are regularly arranged also in the second arrangement
direction forming an angle with the first arrangement di-
rection, twelve nozzles corresponding to the twelve pres-
sure chambers 10 include ones each communicating with
the upper acute portion of the corresponding pressure
chamber 10 and ones each communicating with the lower
acute portion of the corresponding pressure chamber 10,
as aresult, they are not regularly arranged in the second
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arrangement direction at regular intervals.

[0042] If all nozzles communicate with the same-side
acute portions of the respective pressure chambers 10,
the nozzles are regularly arranged also in the second
arrangement direction at regular intervals. In this case,
nozzles are arranged so as to shift in the first arrange-
ment direction by a distance corresponding to 600 dpi as
resolution upon printing per pressure chamber line from
the lower side to the upper side of FIG. 8. Contrastively
in this ink-jet head, since four pressure chamber lines of
two pressure chamber lines 11a and two pressure cham-
ber lines 11b constitute a set of pressure chamber lines
and such a set of pressure chamber lines is repeatedly
disposed three times from the lower side, the shift of noz-
zle positionin the firstarrangement direction per pressure
chamber line from the lower side to the upper side of FIG.
8 is not always the same.

[0043] In the ink-jet head 1, a band region R will be
discussed that has a width (about 508.0 m) correspond-
ingto 50 dpiinthe firstarrangementdirection and extends
perpendicularly to the first arrangement direction. In this
band region R, any of twelve pressure chamber lines
includes only one nozzle. That is, when such a band re-
gion R is defined at an optional position in the ink ejection
region corresponding to one actuator unit 21, twelve noz-
Zles are always distributed in the band region R. The
positions of points respectively obtained by projecting
the twelve nozzles onto a straight line extending in the
first arrangement direction are distant from each other
by a distance corresponding to 600 dpi as resolution upon
printing.

[0044] When the twelve nozzles included in one band
region R are denoted by (1) to (12) in order from one
whose projected image onto a straight line extending in
the first arrangement direction is the leftmost, the twelve
nozzles are arranged in the order of (1), (7), (2), (8), (5),
(12), (), (12), (9), (3), (10), and (4) from the lower side.
[0045] Inthe thus-constructed ink-jet head 1, by prop-
erly driving active layers in the actuator unit 21, a char-
acter, an figure, or the like, having a resolution of 600 dpi
can be formed. Thatis, by selectively driving active layers
corresponding to the twelve pressure chamber lines in
order in accordance with the transfer of a print medium,
a specific character or figure can be printed on the print
medium.

[0046] By way of example, a case will be described
wherein a straight line extending in the first arrangement
direction is printed at a resolution of 600 dpi. First, a case
will be briefly described wherein nozzles communicate
with the same-side acute portions of pressure chambers
10. In this case, in accordance with transfer of a print
medium, ink ejection starts from anozzle in the lowermost
pressure chamber line in FIG. 8. Ink ejection is then shift-
ed upward with selecting a nozzle belonging to the upper
neighboring pressure chamber line in order. Ink dots are
thereby formed in order in the first arrangement direction
with neighboring each other at 600 dpi. Finally, all the ink
dots form a straightline extending in the first arrangement
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direction at a resolution of 600 dpi.

[0047] Onthe other hand, in this ink-jet head, ink ejec-
tion starts from anozzle in the lowermost pressure cham-
ber line 11a in FIG. 8, and ink ejection is then shifted
upward with selecting a nozzle communicating with the
upper neighboring pressure chamber line in order in ac-
cordance with transfer of a print medium. In this embod-
iment, however, since the positional shift of nozzles in
the first arrangement direction per pressure chamber line
from the lower side to the upper side is not always the
same, ink dots formed in order in the first arrangement
direction in accordance with the transfer of the print me-
dium are not arranged at regular intervals at 600 dpi.
[0048] More specifically, as shown in FIG. 8, in accord-
ance with the transfer of the print medium, ink is first
ejected through a nozzle (1) communicating with the low-
ermost pressure chamber line 11a in FIG. 8 to form a dot
row on the print medium at intervals corresponding to 50
dpi (about 508.0 m). After this, as the print medium is
transferred and the straight line formation position has
reached the position of a nozzle (7) communicating with
the second lowermost pressure chamber line 11a, ink is
ejected through the nozzle (7). The second ink dot is
thereby formed at a position shifted from the first formed
dot position in the first arrangement direction by a dis-
tance of six times the interval corresponding to 600 dpi
(about 42.3 m) (about 42.3 m 6 = about 254.0 m).
[0049] Next, as the print medium is further transferred
and the straight line formation position has reached the
position of a nozzle (2) communicating with the third low-
ermost pressure chamber line 11b, ink is ejected through
the nozzle (2). The third ink dot is thereby formed at a
position shifted from the first formed dot position in the
first arrangement direction by a distance of the interval
corresponding to 600 dpi (about 42.3 m). As the print
medium is further transferred and the straight line forma-
tion position has reached the position of a nozzle (8) com-
municating with the fourth lowermost pressure chamber
line 11b, ink is ejected through the nozzle (8). The fourth
ink dot is thereby formed at a position shifted from the
first formed dot position in the first arrangement direction
by a distance of seven times the interval corresponding
to 600 dpi (about 42.3 m) (about 42. 3 m 7 = about 296.3
m). As the print medium is further transferred and the
straight line formation position has reached the position
of a nozzle (5) communicating with the fifth lowermost
pressure chamber line 11a, ink is ejected through the
nozzle (5). The fifth ink dot is thereby formed at a position
shifted from the first formed dot position in the first ar-
rangement direction by a distance of four times the inter-
val corresponding to 600 dpi (about 42.3 m) (about 42.
3 m 4 =about 169.3 m).

[0050] After this, in the same manner, ink dots are
formed with selecting nozzles communicating with pres-
sure chambers 10 in order from the lower side to the
upper side in FIG. 8. In this case, when the number of a
nozzle in FIG. 8 is N, an ink dot is formed at a position
shifted from the first formed dot position in the first ar-
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rangement direction by a distance corresponding to
(magnification n = N - 1) (interval corresponding to 600
dpi). When the twelve nozzles have been finally selected,
the gap between the ink dots to be formed by the nozzles
(1) in the lowermost pressure chamber lines 11ain FIG.
8 at an interval corresponding to 50 dpi (about 508.0 m)
is filled up with eleven dots formed at intervals corre-
sponding to 600 dpi (about 42.3 m). Therefore, as the
whole, a straight line extending in the first arrangement
direction can be drawn at a resolution of 600 dpi.
[0051] Next, the sectional construction of the ink-jet
head 1 will be described. FIG. 9is a partial exploded view
ofthe head main body 1a of FIG. 4. FIG. 10 is an enlarged
sectional view when laterally viewing the region enclosed
with an alternate long and short dash line in FIG. 7. Re-
ferring to FIGS. 7 and 9, a principal portion on the bottom
side of the ink-jet head 1 has a layered structure lami-
nated with ten sheet materials in total, i.e., from the top,
an actuator unit 21, a cavity plate 22, a base plate 23, an
aperture plate 24, a supply plate 25, manifold plates 26,
27, and 28, a cover plate 29, and a nozzle plate 30. Of
them, nine plates other than the actuator unit 21 consti-
tute a passage unit 4.

[0052] As described later in detail, the actuator unit 21
is laminated with five piezoelectric sheets 41 to 45 (see
FIG. 10) and provided with electrodes so that only the
uppermost layer and the second layer neighboring the
uppermost layer include portions to be active when an
electric field is applied (hereinafter, simply referred to as
"layer including active layers (active portions)") and the
remaining three layers are inactive. The cavity plate 22
is made of metal, in which a large number of substantially
rhombic openings are formed corresponding to the re-
spective pressure chambers 10. The base plate 23 is
made of metal, in which a communication hole between
each pressure chamber 10 of the cavity plate 22 and the
corresponding aperture 12, and a communication hole
between the pressure chamber 10 and the corresponding
ink ejection port 8 are formed. The aperture plate 24 is
made of metal, in which, in addition to apertures 12, com-
munication holes are formed for connecting each pres-
sure chamber 10 of the cavity plate 22 with the corre-
sponding ink ejection port 8. The supply plate 25 is made
of metal, in which communication holes between each
aperture 12 and the corresponding sub-manifold channel
5a and communication holes for connecting each pres-
sure chamber 10 of the cavity plate 22 with the corre-
sponding ink ejection port 8 are formed. Each of the man-
ifold plates 26, 27, and 28 is made of metal, which defines
an upper portion of each sub-manifold channel 5a and
in which communication holes are formed for connecting
each pressure chamber 10 of the cavity plate 22 with the
corresponding ink ejection port 8. The cover plate 29 is
made of metal, in which communication holes are formed
for connecting each pressure chamber 10 of the cavity
plate 22 with the corresponding ink ejection port 8. The
nozzle plate 30 is made of metal, in which tapered ink
ejection ports 8 each functioning as a nozzle are formed
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for the respective pressure chambers 10 of the cavity
plate 22.

[0053] These ten sheets 21 to 30 are putin layers with
being positioned to each other to form such an ink pas-
sage 32 as illustrated in FIG. 7. The ink passage 32 first
extends upward from the sub-manifold channel 5a, then
extends horizontally in the aperture 12, then further ex-
tends upward, then again extends horizontally in the
pressure chamber 10, then extends obliquely downward
in a certain length to get apart from the aperture 12, and
then extends vertically downward toward the ink ejection
port 8.

[0054] Referring to FIG. 10, the actuator unit 21 in-
cludes five piezoelectric sheets 41, 42, 43, 44, and 45
having the same thickness of about 15 m. These piezo-
electric sheets 41 to 45 are made into a continuous lay-
ered flat plate (continuous flat layers) that is so disposed
as to extend over many pressure chambers 10 formed
within one ink ejection region in the ink-jet head 1. Since
the piezoelectric sheets 41 to 45 are disposed so as to
extend over many pressure chambers 10 as the contin-
uous flat layers, the individual electrodes 35a and 35b
can be arranged at a high density by using, e.g., a screen
printing technique. Therefore, also the pressure cham-
bers 10 formed at positions corresponding to the individ-
ual electrodes 35a and 35b can be arranged at a high
density. This makes it possible to print a high-resolution
image. In this embodiment, each of the piezoelectric
sheets 41 to 45 is made of a lead zirconate titanate
(PZT)-base ceramic material having ferroelectricity.
[0055] Between the uppermost piezoelectric sheet 41
and the piezoelectric sheet 42 neighboring downward
the piezoelectric sheet 41, an about 2 m-thick common
electrode 34a is interposed formed on the whole of the
lower and upper faces of the piezoelectric sheets. Also,
between the piezoelectric sheet 43 neighboring down-
ward the piezoelectric sheet 42 and the piezoelectric
sheet 44 neighboring downward the piezoelectric sheet
43, an about 2 m-thick common electrode 34b is inter-
posed formed like the common electrode 34a. On the
upper face of the piezoelectric sheet 41, an about 1 m-
thick individual electrode 35a is formed to correspond to
each pressure chamber 10 (see FIG. 6). The individual
electrode 35a has a similar shape (length: 850 m, width:
250 m) to that of the pressure chamber 10 in a plan view,
so that a projection image of the individual electrode 35a
projected along the thickness direction of the individual
electrode 35a is included in the corresponding pressure
chamber 10. Further, between the piezoelectric sheets
42 and 43, an about 2 m-thick individual electrode 35b
is interposed formed like the individual electrode 35a. No
electrode is provided between the piezoelectric sheet 44
neighboring downward the piezoelectric sheet 43 and
the piezoelectric sheet 45 neighboring downward the pi-
ezoelectric sheet 44, and on the lower face of the piezo-
electric sheet 45. Each of the electrodes 34a, 34b, 35a,
and 35b is made of, e.g., an Ag-Pd-base metallic mate-
rial.

10

15

20

25

30

35

40

45

50

55

[0056] The common electrodes 34a and 34b are
grounded in a not-illustrated region. Thus, the common
electrodes 34a and 34b are kept at the ground potential
at a region corresponding to any pressure chamber 10.
The individual electrodes 35a and 35b in each pair cor-
responding to a pressure chamber 10 are in contact with
leads (notillustrated) wired within the FPC 136 independ-
ently of another pair of individual electrodes so that the
potential of each pair of individual electrodes can be con-
trolled independently of that of another pair. The individ-
ual electrodes 35a and 35b are connected to the driver
IC 132 through the leads. In this case, the individual elec-
trodes 35a and 35b in each pair vertically arranged may
be connected to the driver IC 132 through the same lead.
In a modification, many pairs of common electrodes 34a
and 34b each having a shape larger than that of a pres-
sure chamber 10 so that the projection image of each
common electrode projected along the thickness direc-
tion of the common electrode may include the pressure
chamber, may be provided for each pressure chamber
10. In another modification, many pairs of common elec-
trodes 34a and 34b each having a shape somewhat
smaller than that of a pressure chamber 10 so that the
projection image of each common electrode projected
along the thickness direction of the common electrode
may be included in the pressure chamber, may be pro-
vided for each pressure chamber 10. Thus, the common
electrode 34a or 34b may not always be a single con-
ductive sheet formed on the whole of the face of a pie-
zoelectric sheet. In the above modifications, however, all
the common electrodes must be electrically connected
with one another so that the portion corresponding to any
pressure chamber 10 may be at the same potential.

[0057] In the ink-jet head 1, the piezoelectric sheets
41 to 45 are polarized in their thickness direction. That
is, the actuator unit 21 has a so-called unimorph structure
in which the upper (i.e., distant from the pressure cham-
ber 10) three piezoelectric sheets 41 to 43 are layers
wherein active layers are present, and the lower (i.e.,
near the pressure chamber 10) two piezoelectric sheets
44 and 45 are made into inactive layers. Therefore, when
the individual electrodes 35a and 35b in a pair are set at
a positive or negative predetermined potential, if the po-
larization is in the same direction as the electric field for
example, the electric field-applied portion in the piezoe-
lectric sheets 41 to 43 sandwiched by the common and
individual electrodes works as an active layer (pressure
generation portion) and contracts perpendicularly to the
polarization by the transversal piezoelectric effect. On
the other hand, since the piezoelectric sheets 44 and 45
are influenced by no electric field, they do not contract in
themselves. Thus, a difference in strain perpendicular to
the polarization is produced between the upper piezoe-
lectric sheets 41 to 43 and the lower piezoelectric sheets
44 and 45. As a result, the whole of the piezoelectric
sheets 41 to 45 is ready to deform into a convex shape
toward the inactive side (unimorph deformation). At this
time, as illustrated in FIG. 10, the lowermost face of the
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piezoelectric sheets 41 to 45 is fixed to the upper face of
the partition (the cavity plate) 22 partitioning pressure
chambers, as a result, the piezoelectric sheets 41 to 45
deform into a convex shape toward the pressure cham-
ber side. Therefore, the volume of the pressure chamber
10 is decreased to raise the pressure of ink. The ink is
thereby ejected through the ink ejection port 8. After this,
when the individual electrodes 35a and 35b are returned
to the same potential as that of the common electrodes
34a and 34b, the piezoelectric sheets 41 to 45 return to
the original shape and the pressure chamber 10 also
returns to its original volume. Thus, the pressure cham-
ber 10 sucks ink therein through the manifold channel 5.
[0058] In another driving method, all the individual
electrodes 35a and 35b are set in advance at a different
potential from that of the common electrodes 34a and
34b. When an ejecting requestis issued, the correspond-
ing pair of individual electrodes 35a and 35b is once set
at the same potential as that of the common electrodes
34a and 34b. After this, at a predetermined timing, the
pair of individual electrodes 35a and 35b is again set at
the different potential from that of the common electrodes
34a and 34b. In this case, at the timing when the pair of
individual electrodes 35a and 35b is set at the same po-
tential as that of the common electrodes 34a and 34b,
the piezoelectric sheets 41 to 45 return to their original
shapes. The corresponding pressure chamber 10 is
thereby increased in volume fromiits initial state (the state
that the potentials of both electrodes differ from each
other), to suck ink from the manifold channel 5 into the
pressure chamber 10. After this, at the timing when the
pair of individual electrodes 35a and 35b is again set at
the different potential from that of the common electrodes
34a and 34b, the piezoelectric sheets 41 to 45 deform
into a convex shape toward the pressure chamber 10.
The volume of the pressure chamber 10 is thereby de-
creased and the pressure of ink in the pressure chamber
10 increases to eject ink.

[0059] On the other hand, in case that the polarization
occurs in the reverse direction to the electric field applied
to the piezoelectric sheets 41 to 43, the active layers in
the piezoelectric sheets 41 and 42 sandwiched by the
individual electrodes 35a and 35b and the common elec-
trodes 34a and 34b are ready to elongate perpendicularly
to the polarization by the transversal piezoelectric effect.
As aresult, the piezoelectric sheets 41 to 45 deform into
a concave shape toward the pressure chamber 10.
Therefore, the volume of the pressure chamber 10 is in-
creased to suck ink from the manifold channel 5. After
this, when the individual electrodes 35a and 35b return
to their original potential, the piezoelectric sheets 41 to
45 also return to their original flat shape. The pressure
chamber 10 thereby returns to its original volume to eject
ink through the ink ejection port 8.

[0060] Next, a manufacturing method of the ink-jet
head 1 will be described.

[0061] To manufacture the ink-jet head 1, a passage
unit 4 and each actuator unit 21 are separately manufac-
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tured in parallel and then both are bonded to each other.
To manufacture the passage unit 4, each plate 22 to 30
to constitute the passage unit 4 is subjected to etching
using a patterned photoresist as a mask, thereby forming
openings as illustrated in FIGS. 7 and 9 in the respective
plates 22 to 30. After this, the nine plates 22 to 30 are
put in layers with adhesives being interposed so as to
form therein ink passages 32. The nine plates 22 to 30
are thereby bonded to each other to form a passage unit
4.

[0062] To manufacture each actuator unit 21, first, a
conductive paste to be individual electrodes 35b is print-
ed in a pattern on a ceramic green sheet to be a piezo-
electric sheet 43. In parallel with this, conductive pastes
to be common electrodes 34a and 34b are printed in a
pattern on ceramic green sheets to be piezoelectric
sheets 42 and 44. After this, five green sheets to be pi-
ezoelectric sheets 41 to 45 are put in layers with being
positioned with a jig. The thus obtained layered structure
is then baked at a predetermined temperature. After this,
individual electrodes 35a are formed on the piezoelectric
sheet 41 of the baked layered structure. For example,
the individual electrodes 35a may be formed in the man-
ner that a conductive film is plated on the whole of one
surface of the piezoelectric sheet 41 and then unneces-
sary portions of the conductive film are removed by laser
patterning. Alternatively, the individual electrodes 35a
may be formed by depositing a conductive film on the
piezoelectric sheet 41 by PVD (Physical Vapor Deposi-
tion) using a mask having openings at portions corre-
sponding to the respective individual electrodes 35a. To
this process, the manufacture of the actuator unit 21 is
completed.

[0063] Next, the actuator unit 21 manufactured as de-
scribed above is bonded to the passage unit 4 with an
adhesive so that the piezoelectric sheet 45 may be in
contact with the cavity plate 22. At this time, both are
bondedto each other on the basis of marks for positioning
formed on the surface of the cavity plate 22 of the pas-
sage unit 4 and the surface of the piezoelectric sheet 41,
respectively.

[0064] After this, through-holes are formed for con-
necting vertically arranged corresponding individual
electrodes 35a and 35b with each other. The through-
holes are then filled up with a conductive material. After
this, for supplying electric signals to the individual elec-
trodes 35a and 35b and the common electrodes 34a and
34b, the FPC 136 is bonded onto and electrically con-
nected with bonding positions corresponding to the re-
spective electrodes on the actuator unit 21 by soldering.
Further, through a predetermined process, the manufac-
ture of the ink-jet head 1 is completed.

[0065] As described above, differently from the other
electrodes, the only individual electrodes 35a are not
baked together with the ceramic materials to be the pie-
zoelectric sheets 41 to 45. The reason is as follows. That
is, since the individual electrodes 35a are exposed, they
are apt to evaporate at a high temperature upon baking.
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As a result, it is difficult to control the thickness of them
in comparison with the other electrodes 34a, 34b, and
35b being covered with ceramic materials. However,
even the thickness of the other electrodes 34a, 34b, and
35b may somewhat decrease upon baking. Therefore, it
is difficult to form them into a small thickness if keeping
the continuity after baking is taken into consideration.
Contrastively, since the individual electrodes 35a are
formed by the above-described technique after baking,
they can be formed into a smaller thickness than the other
electrodes 34a, 34b, and 35b. Thus, in the ink-jet head
1, by forming the individual electrodes 35a in the upper-
most layer into a smaller thickness than the other elec-
trodes 34a, 34b, and 35b, the deformation of the piezo-
electric sheets 41 to 43 including active layers is hard to
berestricted by the individual electrodes 35a. Efficiencies
(electrical efficiency and area efficiency) of the actuator
unit 21 are improved thereby.

[0066] In the ink-jet head 1, since the piezoelectric
sheets 41 to 43 including active layers and the piezoe-
lectric sheets 44 and 45 as the inactive layers are made
of the same material, the material need not be changed
in the manufacturing process. Thus, they can be manu-
factured through a relatively simple process, and a re-
duction of manufacturing cost is expected. Besides, for
the reason that each of the piezoelectric sheets 41 to 43
including active layers and the piezoelectric sheets 44
and 45 as the inactive layers has substantially the same
thickness, a further reduction of cost can be intended by
simplifying the manufacturing process. This is because
the thickness control can easily be performed when the
ceramic materials to be the piezoelectric sheets are ap-
plied to be put in layers.

[0067] Besides, intheink-jethead 1, separate actuator
units 21 corresponding to the respective ink ejection re-
gions are bonded onto the passage unit 4 to be arranged
along the longitudinal direction of the passage unit 4.
Therefore, each of the actuator units 21 apt to be uneven
in dimensional accuracy and in positional accuracy of the
individual electrodes 35a and 35b because they are
formed by sintering or the like, can be positioned to the
passage unit 4 independently from another actuator unit
21. Thus, even in case of a long head, the increase in
shift of each actuator unit 21 from the accurate position
on the passage unit 4 is restricted, and both can accu-
rately be positioned to each other. Therefore, as to even
anindividual electrodes 35a and 35b relatively apart from
a mark, the individual electrodes 35a and 35b can not
considerably be shifted from the predetermined position
to the corresponding pressure chamber 10. As a result,
good ink ejection performance can be obtained and the
manufacture yield of the ink-jet heads 1 is remarkably
improved. On the other hand, differently from the above,
if along-shaped actuator unit 21 is made like the passage
unit 4, the more the individual electrodes 35a and 35b
are apart from the mark, the larger the shift of the indi-
vidual electrodes 35a and 35b is from the predetermined
position on the corresponding pressure chamber 10 in a
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plan view when the actuator unit 21 is laid over the pas-
sage unit 4. As a result, the ink ejection performance of
a pressure chamber 10 relatively apart from the mark is
deteriorated and thus the uniformity of the ink ejection
performance in the ink-jet head 1 is not obtained.
[0068] In addition, in the ink-jet head 1 constructed as
described above, by sandwiching the piezoelectric
sheets 41 to 43 by the common electrodes 34a and 34b
and the individual electrodes 35a and 35b, the volume
of each pressure chamber 10 can easily be changed by
the piezoelectric effect. Further, since each of the piezo-
electric sheets 41 to 43 including active layers is in a
shape of a continuous flat layer, it can easily be manu-
factured.

[0069] Besides, the ink-jet head 1 has the actuator
units 21 each having a unimorph structure in which the
piezoelectric sheets 44 and 45 near each pressure cham-
ber 10 are inactive and the piezoelectric sheet 41 to 43
distant from each pressure chamber 10 include active
layers. Therefore, the change in volume of each pressure
chamber 10 can be increased by the transversal piezo-
electric effect. As a result, in comparison with an ink-jet
head in which a layer including active layers is provided
on the pressure chamber 10 side and a inactive layer is
provided on the opposite side, lowering the voltage to be
applied to the individual electrodes 35a and 35b and/or
high integration of the pressure chambers 10 can be in-
tended. By lowering the voltage to be applied, the driver
for driving the individual electrodes 35a and 35b can be
made small in size and the cost can be held down. In
addition, each pressure chamber 10 can be made small
in size. Besides, even in case of a high integration of the
pressure chambers 10, a sufficient amount of ink can be
ejected. Thus, a decrease in size of the head 1 and a
highly dense arrangement of printing dots can be real-
ized.

[0070] Further, inthe ink-jet head 1, each actuator unit
21 has a substantially trapezoidal shape. The actuator
units 21 are arranged in two lines in a zigzag manner so
that the parallel opposed sides of each actuator unit 21
extend along the longitudinal direction of the passage
unit 4, and the oblique sides of each neighboring actuator
units 21 overlap each other in the lateral direction of the
passage unit 4. Since the oblique sides of each neigh-
boring actuator units 21 thus overlap each other, when
the ink-jet head 1 moves along the lateral direction of the
ink-jet head 1 relatively to a print medium, the pressure
chambers 10 existing along the lateral direction of the
passage unit 4 can compensate each other. As a result,
with realizing high-resolution printing, a small-size ink-jet
head 1 having a very narrow width can be realized.
[0071] Besides, since many pressure chambers 10
neighboring each other are arranged in a matrix in the
passage unit 4, the many pressure chambers 10 can be
disposed within a relatively small size at a high density.
[0072] Inthe above-described ink-jet head 1, trapezoi-
dal actuator units are arranged in two lines in a zigzag
manner. But, each actuator unit may not be trapezoidal.
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Besides, actuator units may be arranged in only one line
along the longitudinal direction of the passage unit. Ac-
tuator units may be arranged in three or more lines in a
zigzag manner.

[0073] Next, a second embodiment of the present in-
vention will be described. FIG. 11 is a plan view of a head
main body of an ink-jet head according to this embodi-
ment. In the ink-jet head and ink-jet printer according to
this embodiment, since the parts other than the head
main body is similar to that of the above-described first
embodiment, the detailed description thereof is omitted
here.

[0074] Referring to FIG. 11, a head main body 201 of
an ink-jet head according to this embodiment has a rec-
tangular shape in a plan view extending in one direction
(main scanning direction). The head main body 201 in-
cludes a passage unit 204 in which a large number of
pressure chambers 210 and a large number of ink ejec-
tion ports 208 are formed as will be described later. Onto
the upper face of the passage unit 204, two parallelo-
grammic actuator units 221 (In FIG. 11, the right and left
ones are denoted by reference numerals 221a and 221b,
respectively) are bonded to neighbor each other. Each
actuator unit 221 is disposed so that its one side B ex-
tends along the longitudinal direction of the head main
body 201. The neighboring actuator units 221 are so dis-
posed as to be aligned with each other along the width
(shorter length) direction of the head main body 201 with
their oblique sides C being close to each other. An ink
supply port 202 is open in the upper face of the passage
unit 204. The ink supply port 202 is connected with an
ink supply source through a not-illustrated passage.
[0075] Referring to FIG. 12 that is a view of the head
main body 201 at the reverse angle to FIG. 11 (a view
from the printing face side), two parallelogrammic ink
ejection regions R1 are provided in the lower face of the
passage unit 204 to correspond to the respective regions
where the actuator units 221 are disposed. A large
number of small-diameter ink ejection ports 208 are ar-
ranged in the surface of each ink ejection region R1.
[0076] This embodiment shows a case of mono-
chrome printing. Thus, the ink supply port 202 is supplied
with ink of a single color (e.g., black). For performing
multicolor printing, head main bodies 201 corresponding
in number to colors (for example, in case of four colors
of yellow, cyan, magenta, and black, four head main bod-
ies 201) are aligned along the lateral direction of the pas-
sage unit. The head main bodies 201 are supplied with
color inks different from one another to print.

[0077] FIG. 13 is a sectional view illustrating the inter-
nal construction of the passage unit 204. Referring to
FIG. 13, a manifold channel 205 is formed in the passage
unit 204. The manifold channel 205 communicates with
an ink supply source through the ink supply port 202, as
a result, the manifold channel 205 is always filled up with
ink. The ink supply port 202 is preferably provided with
a filter for catching dust and dirt contained in ink.
[0078] The manifold channel 205 is formed in the most
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part of passage unit 204 to extend over the two ink ejec-
tion regions R1. In part of the manifold channel 205 cor-
respondingto eachink ejectionregion R1, alarge number
of slender parallelogrammic island portions 205a are
formed to be arranged at regular intervals. The length of
each island portion 205a is along the longitudinal direc-
tion of the passage unit 204. In this construction, ink sup-
plied through the ink supply port 202 passes between
each neighboring island portions 205a in the manifold
channel 205, and then it is distributed to pressure cham-
bers 210 as described later formed in the passage unit
204 in each ink ejection region R1.

[0079] Referringto FIG. 15, each ink ejection port 208
is made into a tapered nozzle. The ink ejection port 208
communicates with a manifold channel 205 through a
pressure chamber 210 having a substantially parallelo-
grammic shape in a plan view and an aperture 212. In
this construction, ink is supplied from the manifold chan-
nel 205 to the pressure chamber 210 through the aperture
212. By driving an actuator unit 221 as will be described
later, jet energy is applied to ink in the pressure chamber
210 to jet ink through the ink ejection port 208.

[0080] FIG. 14 illustrates a detailed construction of the
region denoted by reference Q in FIG. 13. As apparent
from FIG. 14, in aregion of the upper face of the passage
unit 204 corresponding to an ink ejection region R1, a
large number of pressure chambers 210 are arranged in
a matrix to neighbor each other. Since the pressure
chambers 210 are formed at a different level from that of
the apertures 212 as illustrated in FIG. 15, such an ar-
rangement as illustrated in FIG. 14 is possible in which
each aperture 212 connected with a pressure chamber
210 overlaps another pressure chamber 210. As a result,
a highly dense arrangement of the pressure chambers
210 can be realized and this may contribute a decrease
in size of the head main body 201 and an increase in
resolution of an image to be formed.

[0081] FIG. 15 illustrates a specific construction of a
passage from a manifold channel 205 to an ink ejection
port 208. Referring to FIG. 15, the passage unit 204 is
laminated with nine sheet materials in total, i.e., a cavity
plate 222, a base plate 223, an aperture plate 224, a
supply plate 225, manifold plates 226, 227, and 228, a
cover plate 229, and a nozzle plate 230. The above-de-
scribed actuator units 221 are bonded to the upper face
of the passage unit 204 to constitute a head main body
201. The detailed construction of each actuator unit 221
will be described later.

[0082] A parallelogrammic opening is formed in the
cavity plate 222 to form a pressure chamber 210 as de-
scribed above. A tapered ink ejection port 208 is formed
in the nozzle plate 230 with a press. Communication
holes 251 are formed through each of the plates 223 to
229 betweenthe plates 222 and 230. The pressure cham-
ber 210 communicates with the ink ejection port 208
through the communication holes 251. An aperture 212
as an elongated hole is formed in the aperture plate 224.
One end of the aperture 212 is connected with an end
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portion of the pressure chamber 210 (opposite to the end
portion connecting with the ink ejection port 208) through
a communication hole 252 formed in the base plate 223.
The aperture 212 is for properly controlling the amount
of ink to be supplied to the pressure chamber 210 and
preventing too much or too little ink from being jetted
through the ink ejection port 208. A communication hole
253isformedinthe supply plate 225. The communication
hole 253 connects the other end of the aperture 212 with
the manifold channel 205.

[0083] Each of the nine plates 222 to 230 constituting
the passage unit 204 is made of metal. The pressure
chamber 210, the aperture 212, and the communication
holes 251, 252, and 253 are formed by selectively etching
each metallic plate using a mask pattern. The nine plates
222 to 230 are put in layers and bonded to each other
with being positioned to each other so that the passage
as illustrated in FIG. 15 is formed therein.

[0084] Referringto FIG. 16, each actuator unit 221 in-
cludes five piezoelectric sheets 241 to 245 having the
same thickness of about 15 m. These piezoelectric
sheets 241 to 245 are made into continuous flat layers.
One actuator unit 221 is disposed to extend over many
pressure chambers 210 formed in one ink ejection region
R1 of the head main body 201. This can realize a highly
dense arrangement of individual electrodes 235a and
235b in the actuator unit 221. Each of the piezoelectric
sheets 241 to 245 is made of a lead zirconate titanate
(PZT)-base ceramic material having ferroelectricity.
[0085] Between the first and second piezoelectric
sheets 241 and 242 from the top, an about 2 m-thick
common electrode 234a is interposed formed on sub-
stantially the whole of the lower and upper faces of the
piezoelectric sheets. Also, between the third and fourth
piezoelectric sheets 243 and 244, an about 2 m-thick
common electrode 234b is interposed. On the upper face
of the first piezoelectric sheet 241, an about 1 m-thick
individual electrode 235a is formed to correspond to each
pressure chamber 210. As illustrated in FIG. 13, the in-
dividual electrode 235a has a similar shape to that of the
pressure chamber 210 in a plan view though the individ-
ual electrode 235a is somewhat smaller than the pres-
sure chamber 210. The individual electrode 235a is dis-
posed such that the center of the individual electrode
235a coincides with the center of the corresponding pres-
sure chamber 210. Further, between the second and third
piezoelectric sheets 242 and 243, an about 2 m-thick
individual electrode 235b is interposed formed like the
individual electrode 235a. The portion where the individ-
ual electrodes 235a and 235b are disposed corresponds
to a pressure generation portion A for applying pressure
to ink in the pressure chamber 210. No electrode is pro-
vided between the fourth and fifth piezoelectric sheets
244 and 245, and on the lower face of the fifth piezoe-
lectric sheet 245. Each of the electrodes 234a, 234b,
235a, and 235b is made of, e.g., an Ag-Pd-base metallic
material.

[0086] The common electrodes 234a and 234b are
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grounded in a not-illustrated region. Thus, the common
electrodes 234aand 234b are kept at the ground potential
at a region corresponding to any pressure chamber 210.
In order that the individual electrodes 235a and 235b in
each pair corresponding to a pressure chamber 210 can
be controlled in potential independently of another pair,
they are connected with a suitable driver IC through a
lead provided separately for each pair of individual elec-
trodes 235a and 235b.

[0087] In the head main body 201, the piezoelectric
sheets 241 to 245 are to be polarized in their thickness.
That is, the actuator unit 221 has a so-called unimorph
structure in which the upper (i.e., distant from the pres-
sure chamber 210) three piezoelectric sheets 241 to 243
are layersincluding active layers, and the lower (i.e., near
the pressure chamber 210) two piezoelectric sheets 244
and 245 are made into inactive layers.

[0088] Inthis structure, when the individual electrodes
235a and 235b in a pair are set at a positive or negative
predetermined potential, if the polarization is in the same
direction as the electric field for example, the portion (an
active layer, i.e., a pressure generation portion) in the
piezoelectric sheets 241 to 243 sandwiched by the com-
mon and individual electrodes contracts perpendicularly
to the polarization. On the other hand, since the inactive
piezoelectric sheets 244 and 245 are influenced by no
electric field, they do not contract in themselves. Thus,
a difference in strain along the polarization is produced
between the upper piezoelectric sheets 241 to 243 and
the lower piezoelectric sheets 444 and 245. As a result,
the whole of the piezoelectric sheets 241 to 245 is ready
to deform into a convex shape toward the inactive side
(unimorph deformation). At this time, since the lower face
of the lowermost piezoelectric sheet 245 is fixed to the
upper face of the partition partitioning pressure chambers
210, the pressure generation portion A of the piezoelec-
tric sheets 241 to 245 deforms into a convex shape to-
ward the pressure chamber 210 side to decrease the
volume of the pressure chamber 210. As a result, the
pressure of ink is raised and ink is thereby ejected
through the ink ejection port 208. After this, when appli-
cation of the driving voltage to the individual electrodes
235a and 235b is stopped, the piezoelectric sheets 241
to 245return to the original shape and the pressure cham-
ber 210 alsoreturnstoits original volume. Thus, the pres-
sure chamber 210 sucks ink therein through the manifold
channel 205.

[0089] Next, the shape of the two actuator units 221a
and 221b and the arrangement of individual electrodes
235a and 235b (in other words, the arrangement of pres-
sure generation portions A) will be described. FIG. 17
illustrates the shape of an actuator unit 221a and the
arrangement of pressure generation portions. FIG. 18
shows the relation between a seam portion between the
actuator units 221a and 221b and pressure generation
portions in an additional region.

[0090] The head main body 201 includes two actuator
units 221a and 221b as described above. The two actu-
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ator units 221a and 221b have quite the same shape and
the same arrangement of pressure generation portions A.
[0091] Asillustrated in FIGS. 11 and 17, the actuator
unit 221a is parallelogrammic, which is disposed so that
its one side B extends in parallel with the longitudinal
direction of the passage unit 204 and its other side C
inclines to the longitudinal direction of the passage unit
204. As illustrated in FIG. 17, in the actuator unit 221a,
two regions P1 and P2 are provided that are separated
inthe lateral direction of the passage unit 204 by a straight
line along the longitudinal direction of the passage unit
204. That is, the regions P1 and P2 neighbor each other
in the lateral direction of the passage unit 204.

[0092] Inthe basicregion P1 of the two regions P1 and
P2, a large number of pressure generation portions Al
are arranged with neighboring each other in a matrix
along the longitudinal direction of the passage unit 204
and along the other side C of the parallelogram.

[0093] In the other region (additional region P2) than
the basic region P1, pressure generation portions A2 are
arranged with neighboring each other in a matrix only in
the vicinity of an acute corner D of the parallelogram near
to the actuator unit 221b.

[0094] When the two actuator units 221a and 221b
thus constructed are arranged in line along the longitu-
dinal direction of the passage unit 204 as illustrated in
FIG. 11, asillustrated in FIG. 18, the pressure generation
portions A2 of the additional region P2 provided in the
actuator unit 221a are in a place corresponding to a re-
gion (hatched region G in FIG. 18) where no pressure
generation portion A can be disposed in the basic region
P1 because it is in the seam between the actuator units
22l1aand 221b. That is, the pressure generation portions
A2 of the additional region P2 are disposed to correspond
to a gap portion G between the pressure generation por-
tions Al of the basic region P1 provided in the actuator
unit 221a and the pressure generation portions Al of the
basic region P1 provided in the neighboring actuator unit
221b. Thus, although no separate actuator unit is provid-
ed for ejecting ink through the gap portion G, the head
main body 201 can be provided that can perform printing
with no break through the longitudinal direction of the
passage unit.

[0095] In other words, since no pressure generation
portion can be disposed in the region (region G) near the
seam portion between the actuator units 221a and 221b,
no pressure chamber 210 and no ink ejection port 208
also can be disposed inthatregion. Therefore, ifthe pres-
sure generation portions A2 were not disposed in the
additional region P2 provided in the actuator unit 221a,
printing in the portion corresponding to the gap portion
G cannotbe done, as aresult, a portion where ink ejection
is impossible is produced in the seam portion between
the actuator units 221aand 221b. But, since the pressure
generation portions A2 are disposed in the additional re-
gion P2 provided in the actuator unit 221a in a portion
overlapping that region G in the lateral direction of the
passage unit, there is no portion where ink ejection is
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impossible. As a result, an image with no break can be
formed on a paper.

[0096] As described above, in this embodiment, the
actuator unit 221 includes lines in each of which a large
number of pressure generation portions A1 and A2 are
arranged along the longitudinal direction of the passage
unit 204. As for the lengths of these lines along the lon-
gitudinal direction of the passage unit 204, each line in
the basic region P1 is longer than each line in the addi-
tionalregion P2. Besides, as for the number of lines along
the lateral direction of the passage unit 204, the number
of lines in the additional region P2 is the same as the
number of lines that might exist in the length of the cor-
responding region G along the lateral direction of the pas-
sage unit 204. Therefore, if an imaginary straight line is
drawn to extend along the lateral direction of the passage
unit 204, the number of lines that the imaginary straight
line crosses in the region where the neighboring actuator
units 221a and 221b overlap each other is the same as
the number of lines that the imaginary straight line cross-
es in the region where the neighboring actuator units
221a and 221b do not overlap each other.

[0097] The above-described feature can be achieved
only by arranging two actuator units 221a and 221b hav-
ing the same construction. Thus, the arrangement of
parts can be simplified and the cost and the number of
process steps necessary for designing or manufacturing
the actuator units 221a and 221b can be reduced.
[0098] The arrangement of pressure generation por-
tions A in the actuator unit 221 described in this embod-
iment is by way of example. For instance, such an actu-
ator unit 255 as illustrated in FIG. 19 may be used. FIG.
19 illustrates another example of arrangement of pres-
sure generation portions in an actuator unit. FIG. 20
shows the relation between a seam portion between ac-
tuator units and pressure generation portions in an ad-
ditional region in the arrangement of FIG. 19.

[0099] The actuator unit 255a of FIG. 19 is divided into
three regions P11, P12, and P13 in the lateral direction
of the passage unit. The middle region P11 in the lateral
direction of the passage unit is used as a basic region
and the remaining regions P12 and P13 are used as ad-
ditional regions.

[0100] Like the arrangement in FIG. 17, in the basic
region P11, a large number of pressure generation por-
tions A11 are arranged with neighboring each other in a
matrix along the longitudinal direction of the passage unit
and along the other side C of the parallelogram. In an
additional region P12, pressure generation portions A12
are arranged with neighboring each other in a matrix in
the vicinity of an acute corner D of the parallelogram near
to the actuator unit 255b. In the other additional region
P13, pressure generation portions A13 are arranged with
neighboring each other in a matrix in the vicinity of an
acute corner D of the parallelogram far from the actuator
unit 255b.

[0101] Therefore, asillustratedin FIG. 20, the pressure
generation portions A12 of the additional region P12 of
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the actuator unit 255a and the pressure generation por-
tions A13 of the additional region P13 of the actuator unit
255b are disposed in a gap portion G between the pres-
sure generation portions A1l of the basic region P11
provided in the actuator unit 255a and the pressure gen-
eration portions A1l of the basic region P11 provided in
the neighboring actuator unit 255b. Thus, the head main
body 201 can be provided with which ink can be ejected
with no break through the longitudinal direction of the
passage unit.

[0102] Besides, this embodiment also can bring about
the same advantages as those of the above-described
first embodiment. More specifically, since the two actu-
ator units 255a and 255b are arranged along the longi-
tudinal direction of the passage unit 204, even in case of
a long passage unit 204, high accuracy can be obtained
in positioning of the actuator units 255a and 255b to the
passage unit 204. Therefore, good ink ejection perform-
ance can be obtained and the manufacture yield of ink-
jet heads 201 can be remarkably improved. In addition,
by sandwiching the piezoelectric sheets 241 to 243 be-
tween the common electrodes 234a and 234b and the
individual electrodes 235a and 235b, the volume of each
pressure chamber 210 can easily be changed by the pi-
ezoelectric effect. Besides, the piezoelectric sheets 241
to 243 including active layers can easily be manufactured
because they are continuous flat layers. Further, since
an actuator unit 221 of a unimorph structure is provided
in which the piezoelectric sheets 244 and 245 near to
each pressure chamber 210 are inactive and the piezo-
electric sheets 241 to 243 far from each pressure cham-
ber 210 are layers including active layers, the change in
volume of each pressure chamber 210 can be increased
by the transversal piezoelectric effect, and lowering the
voltage to be applied to the individual electrodes 235a
and 235b and/or high integration of the pressure cham-
bers 210 can be intended. Further, in the passage unit
204, since a large number of pressure chambers 210
neighboring each other are arranged in a matrix, the
many pressure chambers 210 can be disposed at a high
density within a relatively small size.

[0103] In this embodiment, two actuator units are ar-
ranged. But, three or more actuator units may be ar-
ranged of course. Arrangement of many actuator units
can bring about a long ink-jet head. Such a long ink-jet
head is advantageous because it can perform printing
onto even a large-size paper at a high speed.

[0104] FIGS. 21A and 21B illustrate head main bodies
271 and 272 according to modifications of the second
embodiment, in which four actuator units 261 (In FIGS.
21A and 21B, they are denoted by reference numerals
261a, 261b, 261c, and 261d, respectively, in order from
the right) each constructed like an actuator unit 221 or
255 are arranged in line on and bonded to passage units
274 having, near their both ends, ink supply ports 273.
Such an actuator unit 261, like an actuator unit 221 or
255, can be used in common to passage units different
in length, e.g., from a relatively short passage unit as

10

15

20

25

30

35

40

45

50

55

15

28

illustrated in FIG. 11 to a long passage unit as illustrated
in FIG. 21A. Thus, such an actuator unit is high in appli-
cability as a component and this can reduce the manu-
facture cost.

[0105] In the head main bodies 201 and 271 as illus-
trated in FIGS. 11 and 21A, actuator units are arranged
on a passage unit in a straight line with being aligned in
the lateral direction of the passage unit. However, as in
ahead main body 272 illustrated in FIG. 21B for example,
actuator units 261a, 261b, 261c, and 261d may be ar-
rangedin azigzag form. But, from the viewpoint of making
an ink-jet head compact, the arrangement as illustrated
in FIG. 11 or 21Ais preferable in which actuator units are
arranged in a straight line along the longitudinal direction
of the passage unit with being regularly aligned in the
lateral direction of the passage unit. Particularly in case
of the arrangement of FIG. 11 or 21A, the width of the
ink-jet head can be made small. Therefore, when two or
more ink-jet heads are arranged along their width to be
supplied with inks of different colors for multicolor print-
ing, they can be disposed within a compact space. This
is further advantageous because occurrence of a shear
in color of an image can be lessened even when a paper
runs in an oblique state upon printing.

[0106] Next, a third embodiment of the present inven-
tion will be described. FIG. 22 is a plan view of a head
main body of an ink-jet head according to this embodi-
ment. In the ink-jet head and ink-jet printer according to
this embodiment, since the parts other than the head
main body is similar to that of the above-described first
embodiment, the detailed description thereof is omitted
here.

[0107] Referring to FIG. 22, a head main body 301 of
an ink-jet head according to this embodiment has a rec-
tangular shape in a plan view extending in one direction.
The head main body 301 includes a passage unit 304 in
which a large number of pressure chambers 310 and a
large number of ink ejection ports 308 are formed as will
be described later. On the upper face of the passage unit
304, four regular-hexagonal actuator units 321 (In FIG.
22, they are denoted by reference numerals 321a, 321b,
321c, and 321d, respectively, in order from the right) are
arranged in two lines in a zigzag manner and they are
bonded to the upper face of the passage unit 304. Each
actuator unit 321 is disposed so that its opposed parallel
sides (upper and lower sides) extend along the longitu-
dinal direction of the head main body 301. Each neigh-
boring actuator units 321 are disposed so that their ob-
lique sides is to be close to each other and have over-
lapping portions in the lateral direction of the passage
unit.

[0108] ReferringtoFIG.23thatis aview ofthe passage
unit 304 at the reverse angle to FIG. 22 (a view from the
printing face side), four hexagonal ink ejection regions
R2 are provided in the lower face of the passage unit 304
to correspond to the respective regions where the actu-
ator units 321 are disposed. A large number of small-
diameter ink ejection ports 308 are arranged in the sur-
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face of each ink ejection region R2. A base block 302 is
disposed on the upper face of the head main body 301.
A pair of ink reservoirs 303 each having a slender shape
along the longitudinal direction of the head main body
301 is provided in the base block 302. An opening 303a
is formed in the upper face of the base block 302 at one
end of each ink reservoir 303. Each opening 303a s con-
nected with a not-illustrated ink tank, as a result, each
ink reservoir 303 is always filled up with ink.

[0109] FIG. 24 is a sectional view illustrating the inter-
nal construction of the passage unit 304. Referring to
FIG. 24, manifold channels 305 as ink supply sources
are formed in the passage unit 304. Each manifold chan-
nel 305 communicates with an ink reservoir 303 through
the corresponding opening 305a formed in the upper face
of the passage unit 304. Each opening 305a is preferably
provided with a filter for catching dust and dirt contained
in ink.

[0110] Each manifold channel 305 branches at its
opening 305a to supply ink to a number of pressure
chambers 310 as described later. When each hexagonal
ink ejection region R2 illustrated in FIG. 23 is evenly di-
vided vertically in FIG. 23 into two regions, one manifold
channel 305 is formed so as to correspond to one of the
two regions. Eight manifold channels 305 are provided
and each of them is so designed in shape as to distribute
and supply ink to all pressure chambers 310 included in
the corresponding region.

[0111] Theinkejection port308 beinginone halfregion
in the lateral direction of the passage unit communicates
with one of the ink reservoirs 303 in a pair through a
manifold channel 305. The ink ejection port 308 being in
the other half region in the lateral direction of the ink-jet
head communicates with the other ink reservoir 303. By
thus arranging the manifold channels 305, the openings
305a, and the ink reservoirs 303, two printing modes can
be realized: (1) a mode in which the ink reservoirs 303
in the pair are supplied with ink of the same color to per-
form monochrome high-resolution printing; and (2) a
mode in which the ink reservoirs 303 in the pair are sup-
plied with ink of different colors to perform two-color print-
ing with the single head main body 301. This is a wide-
usable construction.

[0112] Referringto FIG. 26, each ink ejection port 308
is made into a tapered nozzle. The ink ejection port 308
communicates with a manifold channel 305 through a
pressure chamber 310 having a nearly rhombic shape in
a plan view and an aperture 312. In this construction, ink
is supplied to the manifold channel 305 through the ink
reservoir 303 and further supplied from the manifold
channel 305 to the pressure chamber 310 through the
aperture 312. By driving an actuator unit 321 as will be
described later, jetenergy is applied to ink in the pressure
chamber 310 to jet ink through the ink ejection port 308.
[0113] FIG. 25illustrates a detailed construction of the
region denoted by reference E in FIG. 24. As apparent
from FIG. 25, in aregion of the upper face of the passage
unit 304 corresponding to an ink ejection region R2, a
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large number of pressure chambers 310 are arranged in
a matrix to neighbor each other. Since the pressure
chambers 310 are formed at a different level from that of
the apertures 312 as illustrated in FIG. 26, an arrange-
ment is possible in which each aperture 312 connected
with a pressure chamber 310 overlaps another pressure
chamber 310. As a result, a highly dense arrangement
of the pressure chambers 310 can be realized and this
may contribute a decrease in size of the head main body
301 and an increase in resolution of an image to be
formed.

[0114] FIG. 26 illustrates a specific construction of a
passage from a manifold channel 305 to an ink ejection
port 308. Referring to FIG. 26, the passage unit 304 is
laminated with nine sheet materials in total, i.e., a cavity
plate 322, a base plate 323, an aperture plate 324, a
supply plate 325, manifold plates 326, 327, and 328, a
cover plate 329, and a nozzle plate 330. The above-de-
scribed actuator units 321 are bonded to the upper face
of the passage unit 304 to constitute a head main body
301. The detailed construction of each actuator unit 321
will be described later.

[0115] A rhombic opening is formed in the cavity plate
322 to form a pressure chamber 310. A tapered ink ejec-
tion port 308 is formed in the nozzle plate 330 with a
press. Communication holes 351 are formed through
each of the plates 323 to 329 between the plates 322
and 330. The pressure chamber 310 communicates with
the ink ejection port 308 through the communication
holes 351. An aperture 312 as an elongated hole is
formed in the aperture plate 324. One end of the aperture
312 is connected with an end portion of the pressure
chamber 310 (opposite to the end portion connecting with
the ink ejection port 308) through a communication hole
352 formed in the base plate 323. The aperture 312 is
for properly controlling the amount of ink to be supplied
to the pressure chamber 310 and preventing too much
or too little ink from being jetted through the ink ejection
port 308. A communication hole 353 is formed in the sup-
ply plate 325. The communication hole 353 connects the
other end of the aperture 312 with the manifold channel
305.

[0116] Each of the nine plates 322 to 330 constituting
the passage unit 304 is made of metal. The above-de-
scribed pressure chamber 310, aperture 312, and com-
munication holes 351, 352, and 353 are formed by se-
lectively etching each metallic plate using a mask pattern.
The nine plates 322 to 330 are put in layers and bonded
to each other with being positioned to each other so that
the passage as illustrated in FIG. 26 is formed therein.
[0117] Next, the structure of each actuator unit 321 will
be described. Referring to FIG. 27, the actuator unit 321
includes five piezoelectric sheets 341 to 345 having the
same thickness of about 15 m. These piezoelectric
sheets 341 to 345 are made into continuous flat layers.
One actuator unit 321 is disposed to extend over many
pressure chambers 310 formed in one ink ejection region
R2 of the head main body 301. This can realize a highly
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dense arrangement of individual electrodes 335a and
335b. Each of the piezoelectric sheets 341 to 345 is made
of a lead zirconate titanate (PZT)-base ceramic material
having ferroelectricity.

[0118] Between the first and second piezoelectric
sheets 341 and 342 from the top, an about 2 m-thick
common electrode 334a is interposed formed on sub-
stantially the whole of the lower and upper faces of the
piezoelectric sheets. Also, between the third and fourth
piezoelectric sheets 343 and 344, an about 2 m-thick
common electrode 234b is interposed. On the upper face
of the first piezoelectric sheet 341, an about 1 m-thick
individual electrode 335a is formed to correspond to each
pressure chamber 310. As illustrated in FIG. 24, the in-
dividual electrode 335a has a similar shape to that of the
pressure chamber 310 in a plan view though the individ-
ual electrode 335a is somewhat smaller than the pres-
sure chamber 310. The individual electrode 335a is dis-
posed such that the center of the individual electrode
335a coincides with the center of the corresponding pres-
sure chamber 310. Further, betweenthe second and third
piezoelectric sheets 342 and 343, an about 2 m-thick
individual electrode 335b is interposed formed like the
individual electrode 335a. No electrode is provided be-
tween the fourth and fifth piezoelectric sheets 344 and
345, and on the lower face of the fifth piezoelectric sheet
345. Each of the electrodes 334a, 334b, 335a, and 335b
is made of, e.g., an Ag-Pd-base metallic material.
[0119] The common electrodes 334a and 334b are
grounded in a not-illustrated region. Thus, the common
electrodes 334aand 334b are kept at the ground potential
at a region corresponding to any pressure chamber 310.
In order that the individual electrodes 335a and 335b in
each pair corresponding to a pressure chamber 310 can
be controlled in potential independently of another pair,
they are connected with a suitable driver IC (not illustrat-
ed) through a lead provided separately for each pair of
individual electrodes 335a and 335b.

[0120] In the head main body 301, the piezoelectric
sheets 341 to 345 are to be polarized in their thickness.
That is, the actuator unit 321 has a so-called unimorph
structure in which the upper (i.e., distant from the pres-
sure chamber 310) three piezoelectric sheets 341 to 343
are layersincluding active layers, and the lower (i.e., near
the pressure chamber 310) two piezoelectric sheets 344
and 345 are made into inactive layers.

[0121] Inthis structure, when the individual electrodes
335a and 335b in a pair are set at a positive or negative
predetermined potential, if the polarization is in the same
direction as the electric field for example, the portion (an
active layer, i.e., a pressure generation portion) in the
piezoelectric sheets 341 to 343 sandwiched by the com-
mon and individual electrodes contracts perpendicularly
to the polarization. On the other hand, since the inactive
piezoelectric sheets 344 and 345 are influenced by no
electric field, they do not contract in themselves. Thus,
a difference in strain perpendicular to the polarization is
produced between the upper piezoelectric sheets 341 to
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343 and the lower piezoelectric sheets 344 and 345. As
a result, the whole of the piezoelectric sheets 341 to 345
isready to deforminto a convex shape toward the inactive
side (unimorph deformation). At this time, since the lower
face of the lowermost piezoelectric sheet 345 is fixed to
the upper face of the partition partitioning pressure cham-
bers 310, the piezoelectric sheets 341 to 345 deform into
a convex shape toward the pressure chamber 310 side
to decrease the volume of the pressure chamber 310.
As aresult, the pressure of ink is raised and ink is thereby
ejected through the ink ejection port 308. After this, when
application of the driving voltage to the individual elec-
trodes 335a and 335b is stopped, the piezoelectric
sheets 341 to 345 return to the original shape and the
pressure chamber 310 also returns to its original volume.
Thus, the pressure chamber 310 sucks ink therein
through the manifold channel 305.

[0122] To manufacture each actuator unit 321, first,
ceramic green sheets to be piezoelectric sheets 341 to
345 are put in layers and then baked. At this time, a me-
tallic material to be individual electrodes 335a or a com-
mon electrode 334a or 334b is printed into a pattern on
each ceramic green sheet at need. After this, a metallic
material to be individual electrodes 335a is formed by
plating on the whole of the upper face of the first piezo-
electric sheet 341 and then unnecessary portions of the
material are removed by laser patterning. Alternatively,
a metallic material to be individual electrodes 335a is
deposited using a mask having openings at portions cor-
responding to the respective individual electrodes 335a.
[0123] The actuator unit 321 thus manufactured is very
brittle because it is made of ceramic. In particular, since
corners of the actuator unit 321 are very easy to be broken
off, very delicate handling is required upon manufacture
and assembling in order that any corner must not be
brought into contact with another component.

[0124] However, as illustrated in FIG. 28A that is a
plan view of the actuator unit 321, in the ink-jet head
according to this embodiment, the actuator unit 321 has
a substantially regular-hexagonal profile. Any of six
straight portions (sides) L1 to L6 included in this profile
is connected with a neighboring straight portion L at about
120 . As a result, since any of the six corners (portions
of each neighboring straight portions L crossing each oth-
er) 1to6is notacute, itis hard to be broken off. Therefore,
the actuator unit 321 as an expensive precise component
may not be easy to be broken in the middle of manufac-
ture process. This may contribute a reduction of manu-
facture cost.

[0125] The above effect is not obtained only when any
of the corners 1 to 6 is formed into 120 . If a corner n is
formed into 90 or more, the corner n is hard to be broken
off. Therefore, for making any of the six corners 1 to 6
hard to be broken off, it suffices that any of the six straight
portions L1 to L6 is connected with a neighboring straight
portion L at the right angle or an obtuse angle (the min-
imum value of the angles 1 to 6 at the crossing portions
is 90 or more). The hexagonal profile can freely be
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changed as far as the above condition is satisfied. FIG.
28B illustrates an actuator unit 355 as an example in
which the above condition is satisfied.

[0126] Besides, this embodiment also can bring about
the same advantages as those of the above-described
first embodiment. More specifically, since the four actu-
ator units 321 are arranged along the longitudinal direc-
tion of the passage unit 304, even in case of a long pas-
sage unit 304, high accuracy can be obtained in position-
ing of the actuator units 321 to the passage unit 304.
Therefore, good ink ejection performance can be ob-
tained and the manufacture yield of ink-jet heads 301
can be remarkably improved. Besides, by sandwiching
the piezoelectric sheets 341 to 343 between the common
electrodes 334a and 334b and the individual electrodes
335a and 335b, the volume of each pressure chamber
310 can easily be changed by the piezoelectric effect.
Besides, the piezoelectric sheets 341 to 343 including
active layers can easily be manufactured because they
are continuous flat layers. Besides, since an actuator unit
321 of a unimorph structure is provided in which the pi-
ezoelectric sheets 344 and 345 near to each pressure
chamber 310 are inactive and the piezoelectric sheets
341 to 343 far from each pressure chamber 310 are lay-
ers including active layers, the change in volume of each
pressure chamber 310 can be increased by the transver-
sal piezoelectric effect, and lowering the voltage to be
applied to the individual electrodes 335a and 335b and/or
high integration of the pressure chambers 310 can be
intended. Further, in the passage unit 304, since a large
number of pressure chambers 310 neighboring each oth-
er are arranged in a matrix, the many pressure chambers
310 can be disposed at a high density within a relatively
small size.

In the present invention according to the claims, the pro-
file of each actuator unit is not limited to a hexagon. That
is, the number of straight portion L may be not six but
five, seven, eight, or more. Hereinafter, modifications in
profile of each actuator unit will be described with refer-
ence to FIGS. 28 to 30. In the below modifications, the
same components as in the above-described third em-
bodiment are denoted by the same reference numerals
as in the third embodiment, respectively.

[0127] FIG. 29A s a plan view of a head main body in
which each actuator unit is made into a heptagonal
shape. FIG. 29Bis a plan view of an actuator unitincluded
in the head main body of FIG. 29A. As apparent from
FIGS. 29A and 29B, in this modification, the components
of the head main body 361 other than the actuator units
362 (In FIGS. 29A, they are denoted by reference nu-
merals 362a, 362b, 362c, and 362d, respectively, inorder
from the right) are constructed like those of the head main
body 301 of the third embodiment.

[0128] Referring to FIG. 29B, each actuator unit 362
has its profile in which one corner of a hexagon according
to the above-described embodiment has been cut off
along a straight line. As a result, the number of straight
portion L is seven (L8 to L14), and as for the angle of
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each corner, 8 to 12 are about 120 and 13 and 14 are
about 150 .

[0129] FIG. 30Ais a plan view of a head main body in
which each actuator unit is made into an octagonal
shape. FIG. 30Bis aplan view of an actuator unitincluded
in the head main body of FIG. 30A. As apparent from
FIGS. 30A and 30B, in this modification, the components
of the head main body 371 other than the actuator units
372 (In FIGS. 30A, they are denoted by reference nu-
merals 372a, 372b, 372c,and 372d, respectively, in order
fromthe right) are constructed like those of the head main
body 301 of the third embodiment.

[0130] Referring to FIG. 30B, each actuator unit 372
has its profile in which two corners of a hexagon accord-
ing to the above-described embodiment has been cut off
along straight lines. As a result, the number of straight
portion L is eight (L15 to L22), and as for the angle of
each corner, 15, 16, 19, and 20 are about 120 and 17,
18, 21, and 22 are about 150 . In the above-described
two modifications, since the angle of each corner of each
cut-off portion is 150, which is larger than that of the
above-described hexagonal actuator unit 321, the corner
is harder to be broken off than that of the above-described
hexagonal actuator unit 321.

[0131] FIG. 31Ais a plan view of a head main body in
which two interconnecting portions of neighboring
straight portions L in the actuator unit of the above-de-
scribed third embodiment have been made into rounded
portions F. FIG. 31B is a plan view of an actuator unit
included in the head main body of FIG. 31A. As apparent
from FIGS. 31A and 31B, in this modification, the com-
ponents of the head main body 381 other than the actu-
ator units 382 (In FIGS. 31A, they are denoted by refer-
ence numerals 382a, 382b, 382c, and 382d, respectively,
in order from the right) are constructed like those of the
head main body 301 of the second embodiment.

[0132] Referring to FIG. 31B, each actuator unit 382
has six straight portions L23 to L28. Two interconnecting
portions of neighboring straight portions L (L23 and L28,
and L25 and L26) in the actuator unit 382 are made into
rounded portions F, where neighboring straight portions
L are smoothly interconnected. Each rounded portion F
is very hard to be broken off. Also in this case, the angle
between each neighboring straight portions L, including
two straight portions on both sides of each rounded por-
tion F, (23 to 27), is more than 90 (about 120).

[0133] Next, the fourth embodiment of the present in-
vention will be described with reference to FIG. 32. In the
ink-jet head and ink-jet printer according to this embod-
iment, since the parts other than the head main body is
similar to that of the above-described first embodiment,
the detailed description thereof is omitted here.

[0134] A head main body 401 as illustrated in FIG. 32
includes a passage unit 404 in which a large number of
pressure chambers and a large number of ink ejection
ports are formed like the above-described embodiments.
Onto the upper face of the passage unit 404, two paral-
lelogrammic actuator units 421 (In FIG. 32, the right and
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left ones are denoted by reference numerals 421a and
421b, respectively) are bonded to neighbor each other.
Each actuator unit 421 is disposed so that its one side B
extends along the longitudinal direction of the head main
body 401. The neighboring actuator units 421 are so dis-
posed as to be aligned with each other along the lateral
direction of the head main body 401 with their oblique
sides C being close to each other. Two actuator units
421 partially overlap each other along the lateral direction
of the passage unit 404. An ink supply port 402 is open
in the upper face of the passage unit 404. The ink supply
port 402 is connected with an ink supply source through
a not-illustrated passage.

[0135] Onto the upper face of each actuator unit 421,
an FPC 436 is bonded for supplying electric signals to
individual and common electrodes in the actuator unit
421. Onto each FPC 436, a driver IC 432 is bonded as
a driving circuit for generating driving signals to be sup-
plied to the individual electrodes in the corresponding
actuatorunit421. Each FPC 436 is electrically connected
with a control unit 440 including CPU, RAM, and ROM.
The control unit 440 supplies printing data to each driver
IC 432. Each driver IC 432 generates driving signals for
individual electrodes on the basis of the printing data.
[0136] Two regions P21 and P22 are provided in each
actuator unit 421. Of them, the basic region P21 has a
parallelogrammic shape having its sides in parallel with
the respective sides of the corresponding actuator unit
421. The basicregion P21 hasits width somewhat shorter
than the side B of the actuator unit 421 and its length of
about 3/4 the side C of the actuator unit 421. In FIG. 32,
the basic region P21 is provided in an upper portion of
the actuator unit 421. The additional region P22 has a
parallelogrammic shape having its sides in parallel with
the respective sides of the corresponding actuator unit
421. The additional region P22 has the same width as
the basic region P21 and is disposed on the lower side
of the basic region P21. The additional region P22 is di-
vided into two sub-regions P22a and P22h each having
a parallelogrammic shape having its sides in parallel with
the respective sides of the actuator unit 421. The sub-
region P22a has its width of about 1/5 the side B of the
actuator unit 421 and its length of about 1/5 the side C
of the actuator unit 421. In FIG. 32, the sub-region P22a
is in the vicinity of the lower left acute portion of the ac-
tuator unit 421. The sub-region P22b has its width of
about 3/5 the side B of the actuator unit 421 and its length
of about 1/5 the side C of the actuator unit 421. In FIG.
32, the sub-region P22b is on the lower side of the basic
region P21 and on the right side of the sub-region P22a.
[0137] In each of the basic region P21 and the sub-
regions P22a and P22b of the additional region P22, a
large number of pressure generation portions are ar-
ranged with neighboring each other in a matrix along the
longitudinal direction of the passage unit 404 and along
the side C of the parallelogram. Pressure chambers and
ink passages including nozzles are formed in the pas-
sage unit 404 to correspond to the respective pressure
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generation portions.

[0138] When the two actuator units 421a and 421b
each constructed as described above are arranged in
line along the longitudinal direction of the passage unit
404 as illustrated in FIG. 32, a region (hatched region G
in FIG. 32) where no pressure generation portions exist
is formed near the seam portion between the actuator
units 421a and 421b. When the only pressure generation
portions in the basic region P11 are taken into consider-
ation, the number of pressure generation portions along
the lateral direction of the passage unit 404 in the vicinity
of the seam portion is less than that in the portion other
than the vicinity of the seam portion.

[0139] Hence, in this embodiment, utilizing the feature
that the sub-region P22a of the additional region P22
provided on the lower side of the basic region P21 is
providedto correspondtothe region G where no pressure
generation portions exist, near the seam portion, along
the lateral direction of the passage unit 404, the control
unit 440 controls each driver IC 432 upon printing so as
to drive pressure generation portions in the basic region
P21 and in the sub-region P22a of the additional region
P22 and not to drive any pressure generation portion in
the sub-region P22b of the additional region P22. By this,
since pressure generation portions in the actuator unit
421 are arranged in a region having substantially the
same shape as in the actuator unit 221 of FIG. 18, the
number of pressure generation portions along the pas-
sage unit 404 in the vicinity of the seam portion is the
same as that in the other portion. That is, since the pres-
sure generation portions of the sub-region P22a of the
additional region P22 are disposed so as to correspond
to the gap portion between the pressure generation por-
tions of the basic region P21 provided in one actuator
unit 421a and the pressure generation portions of the
basic region P21 provided in the neighboring actuator
unit 421b, the head main body 401 can be provided ca-
pable of printing with no break throughout the longitudinal
direction of the passage unit, without providing any other
actuator unit for ejecting ink through the gap portion. Fur-
ther, since the pressure generation portion formation re-
gion in each actuator unit 421 has a similar shape to that
of the actuator unit 421, problems of distortion, bend, or
the like, of the actuator unit 421 is hard to arise.

[0140] As apparent from the above description, in this
embodiment, ink passages may not be provided in the
portion of the passage unit 404 corresponding to the sub-
region P22b of the additional region P22.

[0141] The materials of each piezoelectric sheet and
each electrode used in the above-described embodi-
ments are not limited to the above-described ones. They
can be changed to other known materials. The shapes
in plan and sectional views of each pressure chamber,
the arrangement of pressure chambers, the number of
piezoelectric sheets including active layers, the number
of inactive layers, etc., can be changed properly. Each
piezoelectric sheet including active layers may differ in
thickness from each inactive layer.
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[0142] Besides, inthe above-described embodiments,
each actuator unit is constructed in which individual and
common electrodes are provided on a piezoelectric
sheet. But, such an actuator unit may not always be used
bonded to the passage unit. Any other actuator unit can
be used if it can change the volumes of the respective
pressure chambers separately. Besides, in the above-
described embodiments, pressure chambers are ar-
ranged in a matrix. But, the pressure chambers may be
arranged in a line or lines. Further, although any inactive
layer is made of a piezoelectric sheet in the above-de-
scribed embodiment, the inactive layer may be made of
an insulating sheet other than a piezoelectric sheet.

Claims
1. Anink-jet head comprising:

apassage unit (204) including a plurality of pres-
sure chambers (210) each having one end con-
nected with a nozzle (208) and the other end to
be connected with an ink supply source, the plu-
rality of pressure chambers (210) being ar-
ranged along a plane to neighbor each other;
and

a plurality of actuator units (221) fixed to a sur-
face of the passage unit (204) for changing the
volume of each of the pressure chambers (210),
each of the actuator units (221) including a plu-
rality of pressure generation portions (Al, A2)
respectively corresponding to pressure cham-
bers (210), each of the actuator units (221) being
formed to extend over the pressure chambers
(210), the plurality of actuator units (221) being
arranged along the longitudinal direction of the
passage unit (204) so that each neighboring ac-
tuator units (221) partially overlap each other in
the lateral direction of the passage unit (204);
each of the actuator units (221) comprising:

a basic region (P1) where a large number
of pressure generation portions (Al) are
formed in a matrix; and

an additional region (P2) neighboring the
basic region (P1) in the lateral direction of
the passage unit (204), where pressure
generation portions (A2) are formed to cor-
respond to a gap portion (G) between the
pressure generation portions (Al) in the ba-
sicregion (P1) of the actuator unit (221) and
the pressure generation portions (Al) in the
basic region (P1) of another actuator unit
(221) neighboring the actuator unit (221),
so that the pressure generation portions in
the additional region (P2,P22) can compen-
sate for the missing pressure generation
portions in the gap portion (6).
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2.

The ink-jet head according to claim 1, wherein each
ofthe actuator units (221) has a substantially tetrago-
nal flat shape, and the additional region (P2) is pro-
vided near an acute corner of the actuator unit (221).

The ink-jet head according to claim 2, wherein each
of the actuator units (221) has a substantially paral-
lelogrammic flat shape,

the plurality of actuator units (221) are arranged
along the longitudinal direction of the passage unit
(204) with neighboring each other so that one of op-
posed sides of each of the actuator units (221) are
in parallel with the longitudinal direction of the pas-
sage unit (204) and the other of opposed sides are
oblique relatively to the longitudinal direction of the
passage unit (204), and

the additional region (P2) is provided near an acute
corner of the actuator unit.

The ink-jet head according to one of claims 1 to 3,
wherein no pressure generation portions (A) are pro-
vided in a region neighboring the additional region
(P2) in the longitudinal direction of the passage unit
(204) and neighboring the basic region (P1) in the
lateral direction of the passage unit (204).

The ink-jet head according to claims 1 to 4, wherein
lines, in each of which a large number of pressure
generation portions (A) are arranged, are provided
in each of the actuator units (221), and

the number of lines that an imaginary straight line
perpendicular to the longitudinal direction of the pas-
sage unit (204) crosses in a region where neighbor-
ing actuator units (221) overlap each other is the
same as the number of lines that the straight line
crosses in aregion where neighboring actuator units
(221) do not overlap each other.

The ink-jet head according to one of claims 1 to 5,
wherein two or more of the actuator units (221) are
arranged in a line along the longitudinal direction of
the passage unit.

An ink-jet printer including an ink-jet head, as
claimed in one of claims 1 to 6.

Ink-jet printer comprising:

an ink-jet head;

a driving circuit for driving the ink-jet head; and
a control unit (440),

the ink-jet head comprising:

a passage unit (404) including a plurality of
pressure chambers each having one end
connected with a nozzle and the other end
to be connected with an ink supply source,
the plurality of pressure chambers being ar-
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ranged along a plane to neighbor each oth-
er; and

a plurality of actuator units (421) fixed to a
surface of the passage unit (404) for chang-
ing the volume of each of the pressure
chambers, each of the actuator units (421)
including a plurality of pressure generation
portions respectively corresponding to
pressure chambers, each of the actuator
units (421) being formed to extend over the
pressure chambers, the plurality of actuator
units (421) being arranged along the longi-
tudinal direction of the passage unit (404)
so that each neighboring actuator units
(421) partially overlap each other in the lat-
eral direction of the passage unit,

each of the actuator units (421) comprising:

a basic region (P21l)where a large
number of pressure generation por-
tions are formed in a matrix; and

an additional region (P22) neighboring
the basic region in the lateral direction
of the passage unit, where pressure
generation portions are formed,

the control unit (440) controlling the
driving circuit (432) to drive only pres-
sure chambers in the additional region
(P22) corresponding to a gap portion
(G) between the pressure generation
portions in the basic region (P21) of the
actuator unit (421) and the pressure
generation portions in the basic region
(P21) of another actuator unit (421)
neighboring the actuator unit (421),
when driving the ink-jet head,

so that the pressure generation por-
tions in the additional region (P2,P22)
can compensate for the missing pres-
sure generation portion in the gap por-
tion (6).

Patentanspriiche

Tintenstrahlkopf mit:

einer Durchgangseinheit (204), die eine Mehr-
zahl von Druckkammern (210) enthalt, von de-
nen jede ein Ende, das mit einer Duse (208)
verbunden ist, und das andere Ende, das mit
einer Tintenlieferquelle zu verbinden ist, auf-
weist, wobei die Mehrzahl von Druckkammern
(210) entlang einer Ebene angeordnet sind, um
einander benachbart zu sein; und

einer Mehrzahl von Betatigungseinheiten (221),
die an einer Oberflache der Durchgangseinheit
(204) befestigt sind zum Andern des Volumens
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einer jeden der Druckkammern (210), wobei je-
de der Betéatigungseinheiten (221) eine Mehr-
zahl von Druckerzeugungsabschnitten (A1, A2)
enthalt, die entsprechend zu Druckkammern
(210) entsprechen, wobei jede der Betatigungs-
einheiten (221) so gebildetist, dass sie sich Uber
die Druckkammern (210) erstrecken, die Mehr-
zahlvon Betatigungseinheiten (221) entlang der
Langsrichtung der Durchgangseinheit (204) so
angeordnet ist, dass alle benachbarten Betati-
gungseinheiten (221) teilweise einander in der
seitlichen Richtung der Durchgangseinheit
(204) Uberlappe;

wobei jede Betatigungseinheit (221) aufweist:

einen Basisbereich (P1), in dem eine groRRe
Zahl von Druckerzeugungsabschnitten
(A1) in einer Matrix gebildet ist; und einen
zusatzlichen Bereich (P2) benachbart zu
dem Basisbereich (P1) in der seitlichen
Richtung der Durchgangseinheit (204), in
dem Druckerzeugungsabschnitte (A2) ent-
sprechend zu einem Luckenabschnitt (G)
zwischen den Druckerzeugungsabschnit-
ten (Al) in dem Basisbereich (P1) der Be-
tatigungseinheit (221) und den Druckerzeu-
gungsabschnitten (A1) in dem Basisbereich
(P1) einer anderen Betatigungseinheit
(221) benachbart zu der Betétigungseinheit
(221) gebildet sind,

so dass die Druckerzeugungsabschnitte in
dem zusatzlichen Bereich (P2) die fehlen-
den Druckerzeugungsabschnitte in dem
Likkenabschnitt (G) kompensieren kdn-
nen.

Tintenstrahlkopf nach Anspruch 1, bei dem jede der
Betéatigungseinheiten (221) eine im wesentlichen te-
tragonale flache Form aufweist und der zusatzliche
Bereich (B2) nahe einer spitzen Ecke der Betati-
gungseinheit (221) vorgesehen ist.

Tintenstrahlkopf nach Anspruch 2, bei dem jede der
Betéatigungseinheiten (221) eine im wesentlichen
parallelogrammartige flache Form aufweist,

die Mehrzahl von Betéatigungseinheiten (221) ent-
lang der Langsrichtung der Durchgangseinheit (204)
angeordnet ist, wobei sie einander so benachbart
sind, dass eine von gegenuberliegenden Seiten ei-
ner jeden der Betatigungseinheiten (221) parallel zu
der Langsrichtung der Durchgangseinheit (204) ist
und die andere der entgegengesetzten Seiten
schrag relativ zu der Langsrichtung der Durchgangs-
einheit (204) ist, und

derzuséatzliche Bereich (P2) nahe einer spitzen Ecke
der Betatigungseinheit vorgesehen ist.

Tintenstrahlkopf nach einem der Anspriiche 1 bis 3,
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bei dem keine Druckerzeugungsabschnitte (A) in ei-
nem Bereich benachbart zu dem zusétzlichen Be-
reich (P2) in der Langsrichtung der Durchgangsein-
heit (204) und benachbart zu dem Basisbereich (P1)
in der seitlichen Richtung der Durchgangseinheit
(204) vorgesehen sind.

Tintenstrahlkopf nach Anspruch 1 bis 4, bei dem Li-
nien, in denen eine grof3e Zahl von Druckerzeu-
gungsabschnitten (A) angeordnetist, in jeder der Be-
tatigungseinheiten (221) vorgesehen sind, und

die Zahl von Linien, die eine imaginére gerade Linie
rechtwinklig zu der Langsrichtung der Durchgangs-
einheit (204) in einem Bereich kreuzen, in dem be-
nachbarte Betatigungseinheiten (221) einander
Uiberlappen, die gleiche ist wie die Zahl von Linien,
die die gerade Linie in einem Bereich kreuzen, in
dem benachbarte Betatigungseinheiten (221) nicht
einander uberlappen.

Tintenstrahlkopf nach einem der Anspriche 1 bis 5,
bei dem zwei oder mehr der Betéatigungseinheiten
(221) in einer Linie entlang der Langsrichtung der
Durchgangseinheit angeordnet sind.

Tintenstrahldrucker mit einem Tintenstrahlkopf, wie
er in einem der Anspriiche 1 bis 6 beansprucht ist.

Tintenstrahldrucker mit:

einem Tintenstrahlkopf;

einer Treiberschaltung zum Treiben des Tinten-
strahlkopfes; und

einer Steuereinheit (440),

wobei der Tintenstrahlkopf aufweist:

eine Durchgangseinheit (404) mit einer
Mehrzahl von Druckkammern, von denen
jede ein Ende, das mit einer Dilise verbun-
denist, und das andere Ende, das mit einer
Tintenlieferquelle zu verbinden ist, auf-
weist, wobei die Mehrzahl von Druckkam-
mern entlang einer Ebene angeordnet ist,
um einander benachbart zu sein; und

eine Mehrzahl von Betatigungseinheiten
(421), die an einer Oberflache der Durch-
gangseinheit (404) befestigt sind, zum An-
dern des Volumens einer jeden der Druck-
kammern, wobei jede der Betatigungsein-
heiten (421) eine Mehrzahl von
Druckerzeugungsabschnitten enthalt, die
entsprechend zu Druckkammern entspre-
chen, jede der Betétigungseinheiten (421)
so gebildet ist, dass sie sich Uiber die Druck-
kammern erstrecken, die Mehrzahl von Be-
tatigungseinheiten (421) entlang der
Langsrichtung der Durchgangseinheit
(404) so angeordnet ist, dass alle benach-
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barten Betatigungseinheiten (421) teilweise
einander Uberlappen in der seitlichen Rich-
tung der Durchgangseinheit;

wobei jede der Betatigungseinheiten (421)
aufweist:

einen Basisbereich (P21), in dem eine
groRe Zahl von Druckerzeugungsab-
schnitten in einer Matrix gebildet ist;
und

einen zusatzlichen Bereich (P22) be-
nachbart zu dem Basisbereich in der
seitlichen Richtung der Durchgangs-
einheit, in dem Druckerzeugungsab-
schnitte gebildet sind,

wobei die Steuereinheit (440) die Trei-
berschaltung (432) zum Treiben von
nur Druckkammern in dem zusatzli-
chen Bereich (P22) steuert, der einem
Lickenabschnitt (G) zwischen den
Druckerzeugungsabschnitten in dem
Basisbereich (P21) der Betatigungs-
einheit (421) und den Druckerzeu-
gungsabschnitten in dem Basisbereich
(P21) einer anderen Betéatigungsein-
heit (421) benachbart zu der Betéti-
gungseinheit (421) steuert, wenn der
Tintenstrahlkopf betrieben wird,

so dass die Druckerzeugungsabschnit-
te in dem zusétzlichen Bereich (P22)
die fehlenden Druckerzeugungsab-
schnitte in dem Luckenbereich (G)
kompensieren kénnen.

Revendications

1. Téte ajet d’encre comprenant :

une unité de passage (204) comprenantune plu-
ralité de chambres de pression (210) ayant cha-
cune une extrémité raccordée a une buse (208)
et 'autre extrémité a raccorder a une source
d'alimentation d’encre, la pluralité de chambres
de pression (210)) étant agencée le long d'un
plan pour qu’elles soient voisines les unes des
autres ; et

une pluralité d'unités d’'actionnement (221)
fixées a une surface de I'unité de passage (204)
pour changer le volume de chacune des cham-
bres de pression (210), chacune des unités d’ac-
tionnement (221) comprenant une pluralité de
parties de génération de pression (Al, A2) cor-
respondant respectivement aux chambres de
pression (210), chacune des unités d'actionne-
ment (221) étant formée pour s’étendre au-des-
sus des chambres de pression (210), la pluralité
d’'unités d'actionnement (221) étant agencée
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dans la direction longitudinale de I'unité de pas-
sage (204) de sorte que les unités d’actionne-
ment voisines (221) se chevauchent partielle-
ment dans la direction latérale de I'unité de pas-
sage (204) ;

chacune des unités d’actionnement (221)
comprenant :

une région de base (P1) dans laquelle un
grand nombre de parties de génération de
pression (A1) est formé dans une matrice ;
et

une région additionnelle (P2) voisine de la
région de base (P1) dans la direction laté-
rale de 'unité de passage (204), dans la-
quelle des parties de génération de pres-
sion (A2) sont formées pour correspondre
aune partie d'écartement (G) entre les par-
ties de génération de pression (Al) dans la
région de base (P1) de l'unité d’actionne-
ment (221) et les parties de génération de
pression (Al) dans la région de base (P1)
d’une autre unité d’actionnement (221) voi-
sine de l'unité d'actionnement (221) ;

Téte a jet d’encre selon la revendication 1, dans la-
quelle chacune des unités d’actionnement (221) a
une forme plate sensiblement tétragonale et la ré-
gion additionnelle (P2) est prévue prés d’'un coin aigu
de l'unité d’actionnement (221).

Téte a jet d’encre selon la revendication 2, dans la-
quelle chacune des unités d’actionnement (221) a
une forme plate sensiblement en parallélogramme,
la pluralité d'unités d’actionnement (221) est agen-
cée dans la direction longitudinale de I'unité de pas-
sage (204), les unités étant voisines de sorte que
I'un des cotés opposés de chacune des unités d'ac-
tionnement (221) est paralléle a la direction longitu-
dinale de I'unité de passage (204) et 'autre des c6tés
opposeés est oblique par rapport a la direction longi-
tudinale de I'unité de passage (204), et

la région additionnelle (P2) est prévue a coté d'un
coin aigu de l'unité d'actionnement.

Téte a jet d’encre selon I'une quelconque des reven-
dications 1 a 3, dans laquelle aucune partie de gé-
nération de pression (A) n'est prévue dans une ré-
gion voisine de la région additionnelle (P2) dans la
direction longitudinale de I'unité de passage (204)
et voisine de larégion de base (P1) dans la direction
latérale de I'unité de passage (204).

Téte a jet d’encre selon les revendications 1 a 4,
dans laquelle des lignes, dans chacune desquelles
est agencé un grand nombre de parties de généra-
tion de pression (A), sont prévues dans chacune des
unités d'actionnement (221), et
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le nombre de lignes croisées par une ligne imaginai-
re droite perpendiculaire a la direction longitudinale
de I'unité de passage (204) dans une région ou les
unités d’actionnement voisines (221) se chevau-
chent est le méme que le nombre de lignes croisées
par la ligne droite dans une région ou les unités d'ac-
tionnement voisines (221) ne se chevauchent pas.

Téte ajet d’encre selon I'une quelconque des reven-
dications 1 a 5, dans laquelle deux ou plusieurs uni-
tés d'actionnement (221) sont agenceées sur une li-
gne dans la direction longitudinale de I'unité de pas-
sage.

Imprimante a jet d’encre comprenant une téte a jet
d’encre selon I'une quelconque des revendications
1a6.

Imprimante & jet d’encre comprenant :

une téte a jet d’encre ;

un circuit de pilotage pour piloter la téte a jet
d’encre ; et

une unité de commande (440),

la téte a jet d’encre comprenant :

une unité de passage (404) comprenant
une pluralité de chambres de pression
ayant chacune une extrémité raccordée a
une buse et I'autre extrémité a raccorder a
une source d’'alimentation d’encre, la plura-
lité de chambres de pression étant agencée
le long d’un plan pour qu’elles soient voisi-
nes les unes des autres ; et

une pluralité d’'unités d’actionnement (421)
fixées a une surface de l'unité de passage
(404) pour changer le volume de chacune
des chambres de pression, chacune des
unités d’actionnement (421) comprenant
une pluralité de parties de génération de
pression correspondant respectivement
aux chambres de pression, chacune des
unités d’actionnement (421) étant formée
pour s’étendre au-dessus des chambres de
pression, la pluralité d’unités d'actionne-
ment (421) étant agencée dans la direction
longitudinale de I'unité de passage (404) de
sorte que les unités d’actionnement voisi-
nes (421) se chevauchent partiellement
dans la direction latérale de I'unité de pas-
sage,

chacune des unités d'actionnement (421)
comprenant :

une région de base (P21) dans laquelle
un grand nombre de parties de géné-
ration de pression est formé dans une
matrice ; et
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une région additionnelle (P22) voisine
de la région de base dans la direction
latérale de I'unité de passage, dans la-
quelle des parties de génération de
pression sont formées,

I'unité de commande (440) comman-
dant le circuit de pilotage (432) pour pi-
loter uniqguement les chambres de
pression dans la région additionnelle
(P22) correspondant & une partie
d’écartement (G) entre les parties de
génération de pression dans la région
de base (P21) de l'unité d'actionne-
ment (421) et les parties de génération
de pression dans la région de base
(P21) d’'une autre unité d'actionnement
(421) voisine de I'unité d’actionnement
(421) pendant le pilotage de la téte a
jet d’encre,

de sorte que les parties de génération
de pression dans la région additionnel-
le (P2, P22) peuvent compenser les
parties de génération de pression man-
guantes dans la partie d'écartement
(G).
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