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Title of the Invention: Liquid-jet head chip, liquid-jet head, and liqid-jet recording apparatus
Abstract Title: Liquid-jet head chip having a foreigh substance removal

To discharge a liquid from each of liquid discharge flow
paths without being affected by an operating state of
the other liquid discharge flow paths, a liquid-jet head
chip 1 includes: an actuator substrate 3 including a
plurality of discharge grooves 23A each being open on
one surface of the actuator substrate 3, and the
plurality of discharge grooves 23A being formed in
parallel at a distance from each other. A cover plate
substrate 5 includes a common ink chamber 17 being
open on a surface of the cover plate substrate on a
side opposite to the actuator substrate 3 and a plurality
of slits 19 extending from the common ink chamber 17
to be in communication with the discharge grooves
23A. A Structure 50 having a flat surface at an
approximately constant distance from ends of all the
slits 19 is provided, the structure 50 being located at a
position at which an opening of the common ink
chamber 17 is substantially closed. The structure 50
may be a filter for removing foreign material.
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LIQUID-JET HEAD CHIP, LIQUID-JET HEAD, AND LIQUID-JET RECORDING

APPARATUS

The present invention relates to a liquid-jet head chip, a liquid-jet head, and a
liquid-jet recording apparatus.

There is conventionally known a liquid-jet recording apparatus, which uses a
liquid-jet head having a ;5Iurélity of discharge nozzles for discharging a liquid such as
an ink therefrom to record characters or images on a recording medium. For
example, an ink-jet head includes an actuator substrate, a cover plate substrate, and
a flow path member for an ink. The actuator substrate includes a plurality of
discharge grooves. The cover plate substrate forms an ink path. By applying a
voltage to side walls of each of the discharge grooves, the side walls are subjected to
shear deformation. In this manner, an ink is discharged from a discharge nozzle.

In the ink-jet head as described above, each of discharge channels formed
by the discharge grooves is provided with an independent structure so as to prevent
the occurrence of conduction and short-circuit through electrodes in contact with an
ink when a water-based ink is used as the ink. Moreover, a predetermined structure
is sometimes provided in a common ink chamber constituted by the cover plate
substrate and the flow path member (for example, see JP 2003-311995 A; hereinafter,
referred to as "Patent Document 1").

An ink-jet head chip described in Patent Document 1 is provided with a filter
for removing dust and the like present in the ink to be supplied to the discharge
grooves. Such a structure is provided at the flow path member side inside the

common ink chamber and is located at a distance of 2 mm or larger from a surface of



the actuator substrate, for example.

However, if the structure is located at the flow path member side inside the
common ink chamber as in the case of the conventional ink-jet head chip, crosstalk
(propagation of a fluctuation in pressure to the other discharge channels) occurs
between the neighboring discharge channels to affect discharge characteristics in
some cases when the side walls of each of the discharge channels are subjected to
shear deformation by applying the voltage to the side walls. More specifically, a
discharge speed in some of the discharge channels is lowered. As a result, there is
a problem in that the ink cannot be discharged at a desired discharge speed in some

cases.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above-mentioned
circumstances, and has an object of providing a liquid-jet head chip, a liquid-jet head,
and a liquid-jet recording apparatus, which are capable of discharging a liquid from
each of liquid discharge flow paths without being affected by an operating state of the
other liquid discharge flow paths.

In order to achieve the above-mentioned object, the present invention
provides the following means.

The present invention provides a liquid-jet head chip including:

an actuator substrate including a plurality of liquid discharge flow paths,

the plurality of liquid discharge flow paths each being open on one
surface of the actuator substrate,

the plurality of liquid discharge flow paths being formed in parallel at



a distance from each other;

a cover plate substrate which is bonded onto the one surface of the actuator
substrate, and includes an opening portion being open on a surface of the cover
plate substrate on a side opposite to the actuator substrate and being in
communication with the liquid discharge flow paths; and

a structure having a flat surface at an approximately constant distance from a
surface of the cover plate substrate, to which the actuator substrate is bonded, the
structure being located a.t a position at which the opening portion of t_he cover plate
substrate is substantially closed.

According to the present invention, when a liquid is stored in the opening
portion provided to the cover plate substrate, the opening portion functions as a
common liquid chamber for supplying the liquid to each of the liquid discharge flow
paths. Moreover, side walls of each of the liquid discharge flow paths are subjected
to shear deformation to change a volume of each of the liquid discharge flow paths.
As a result, the liquid distributed from the opening portion to the liquid discharge flow
paths can be discharged from each of the liquid discharge flow paths. |

In this case, the structure having the flat surface at an approximately
constant distance from a surface of the cover plate substrate to which the actuator
substrate is bonded is located at a position at which the opening portion is
substantially closed. As a result, even when the side walls are subjected to shear
deformation by a piezoelectric method, the propagation of a fluctuation in pressure
(so-called crosstalk), which may otherwise occur between some of the adjacent liquid
discharge flow paths, can be suppressed. As a result, the liquid can be discharged

from all the liquid discharge flow paths without being affected by the operation of the



other liquid discharge flow paths. ¢

In the above-mentioned invention, the opening portion may include: a
concave portion having an aperture plane on the surface on the side opposite to the
actuator substrate; and a plurality of through-holes extending from the concave
portion to the liquid discharge flow paths.

With the configuration as described above, the liquid supplied from the
aperture plane of the concave portion passes through the through-holes to be
distributed to the liquid discharge flow paths. Therefore, for example, by arranging
one through-hole for every two liquid discharge flow paths, the liquid-jet head chip for
water-based ink can be configured.

Further, in the above-mentioned invention, the structure may be a foreign
substance removal member.

| With the configuration as described above, the foreign substance removal
member is capable of, for example, removing dirt and dust contained in the liquid to
be supplied to each of the liquid discharge flow paths and preventing large air
|
bubbles from entering the liquid discharge flow paths. As an example of the foreign
substance removal member, for example, a filter, a plate including a through-hole or
the like is given.

Further, in the above-mentioned invention, the structure may be located at a
distance less than 0.8 mm from the surface of the cover plate substrate, to which the
actuator substrate is bonded.

With the configuration as described above, the occurrence of crosstalk is
effectively prevented to further stabilize discharge characteristics of all the plurality of

liquid discharge flow paths.



The present invention provides a liquid-jet head including: the liquid-jet head
chip according to the present invention described above; and a flow path member
bonded onto the one surface of the cover plate substrate, the flow path member
including a flow path for supplying a liquid to the opening portion.

The present invention provides a liquid-jet recording apparatus including the
liquid-jet head according to the present invention described above.

According to the present invention, the liquid is supplied from the flow path
member to the liquid-jet head chip. Then, the liquid can be discharged from each of
the liquid discharge flow paths without being affected by the operating state of the
other liquid discharge flow paths. For example, when an ink is used as the liquid,
the quality of printing on a recording medium can be improved.

According to the present invention, the effects of discharging the liquid from
each of the liquid discharge flow paths without being affected by the operating state

of the other liquid discharge flow paths can be obtained.

Embodiments of the present invention will now be described by way of further
example only and with reference to the accompanying drawings, in which:

FIG. 1 is an exploded perspective view of a liquid-jet head according to an
embodiment of the present invention;

FIG. 2 is a longitudinal sectional view of the liquid-jet head illustrated in FIG.

FIG. 3 is an enlarged sectional view of a liquid-jet head chip illustrated in FIG.
{

FIG. 4 is a schematic perspective view of a liquid-jet recording apparatus on



which the liquid-jet head illustrated in FIG. 1 is mounted;

FIG. 5 is a graph showing a relation between a nozzle number and a
discharge speed in the liquid-jet recording apparatus on which the liquid-jet head
illustrated in FIG. 1 is mounted; and

FIG. 6 is a graph showing a relation between the nozzle number and the

discharge speed as a reference example of the embodiment of the present invention.

Hereinafter, a liquid-jet head chip 1, a liquid-jet head 10, and a liquid-jet
recording apparatus 100 according to an embodiment of the present invention are
described referring to the accompanying drawings.

The liquid-jet head 10 according to this embodiment discharges, for example,
a water-based ink (liquid). As illustrated in FIGS. 1 to 3, the liquid-jet head 10
includes a liquid-jet head chip 1, a flow path (flow path member) 9 for supplying the
ink to the liquid-jet head chip 1, and a wiring board (not shown) on which a drive
circuit for driving the liquid-jet head chip 1 and the like is mounted. Each of the
members described above is fixed onto a support plate 31 made of, for example,
aluminum. The members are connected to each other through an adhesive, a
double-faced adhesive tape, or the like, which has good thermal conductivity.

The liquid-jet head chip 1 includes a substantially-rectangular actuator
substrate 3, a cover plate substrate 5, and a nozzle plate 7. The actuator substrate
3 having a thickness of about 0.8 mm is constituted by a piezoelectric element made
of lead zirconate titanate (PZT) or the like. The cover plate substrate 5 having a
thickness of about 0.8 mm is bonded onto one of the surfaces of the actuator

substrate 3. The nozzle plate 7 is bonded onto an end surface of the actuator



substrate 3 and an end surface of the cover plate substrate 5.

The actuator substrate 3 is polarized in a thickness direction. A plurality of
discharge grooves (liquid discharge flow paths) 13, each having an opening portion
13A in one of the surfaces of the actuator substrate 3 on which the cover plate
substrate 5 is provided, are arranged in parallel at a distance from each other. Each
of the discharge grooves 13 has a depth of, for example, about 0.36 mm. The
discharge grooves 13 are separated from each other by side walls 15.

One longitudinal end of each of the discharge grooves 13 extends to one end
surface 3A of the actuator substrate 3, whereas each of the discharge grooves 13
starts gradually decreasing its depth in the middle to have a reduced depth at the
other longitudinal end. Each of such discharge grooves 13 is shaped according to,
for example, an outer diameter of a blade of a disc-like die cutter (not shown).

Moreover, electrodes 16 for applying a driving voltage are formed by vapor
deposition on both the side walls 15 of each of the discharge grooves 13 to extend in
a longitudinal direction of the actuator substrate 3. The electrodes 16 are formed
from the opening portion 13A of each of the discharge grooves 13 to the middle in a
depth direction of the discharge groove 13.

The cover plate substrate 5 is bonded onto one surface of the actuator
substrate 3, that is, onto the surface of the actuator substrate 3, on which the
opening portions 13A of the discharge grooves 13 are formed. The cover plate
substrate 5 includes a cover plate opening portion (opening portion) 61 constituted by
a concave-shaped common ink chamber (concave portion) 17 and a plurality of slits
(through-holes) 19. The common ink chamber (concave portion) 17 has an aperture

plane 17A on a surface of the cover plate substrate 5, which is on the side opposite



to the .actuator substrate 3. The plurality of slits 19 extend from the common ink
chamber 17 to be brought into communication with the ends of some of the discharge
grooves 53 of the actuator substrate 3, each having the reduced depth.

In a state where the cover plate substrate 5 is bonded onto the actuator
substrate 3, thé opening portions 13A of the discharge grooves 13 are closed by the
cover plate substrate 5, thereby forming a plurality of independent discharge
channels 23A and dummy channels 23B.

Each of the discharge channels 23A is an ink flow path constituted by the
discharge groove 13 which is in communication with the slit 19 of the cover plate
substrate 5. Each of the discharge channels 23A is filled with an ink supplied from
the common ink chamber 17. Meanwhile, each of the dummy channels 23B is a
cavity portion formed by closing the opening portion 13A of the discharge groove 13
with the cover plate substrate 5 and is sealed to prevent the ink from flowing
thereinto. The discharge channels 23A and the dummy channels 23B are
alternately formed in the direction in which the discharge grooves 13 are arranged.

The common ink chamber 17 is provided with step portions 25. Each of the
step portions 25 is formed by inwardly projecting an inner wall surface in a direction
away from the opening portion 17A. Each of the step portions 25 is formed at a
distance of about 0.5 mm from the surface of the cover plate substrate 5, which is on
the side of the actuator substrate 3. A filter 50 (structure, foreign substance removal
member) having a flat surface is fixed to the step portions 25 by bonding while befng
located to substantially close the aperture plane 17A of the common ink chamber 17.

The fiter 50 has a thickness of about 0.1 mm and is located at an

approximately constant distance, that is, at about 0.5 mm from ends of all the slits 19,



which are on the actuator substrate 3 side. The filter 50 is capable of removing dirt
and dust contained in the ink supplied from the common ink chamber 17 to the
discharge grooves 13 and preventing large air bubbles from entering the discharge
grooves 13. Moreover, even if the liquid-jet head chip 1 alone is handled separately
at the time of assembly of the liquid-jet head 10 or the like, the dust or the like can be
prevented from entering the common ink chamber 17.

The nozzle plate 7 is bonded to the end surface 3A of the actuator substrate
3, on which the discharge channels 23A and the dummy channels 23B are open.
The nozzle plate 7 has nozzle holes 27 located to be opposed only to the openings of
the discharge channels 23A. The openings of the dummy channels 23B are sealed
by the nozzle plate 7. The nozzle plate 7 is, for example, a polyimide fiim through
which the nozzle holes 27 are formed by using an excimer laser device or the like.
A water-repellent film (not shown) having water repellency is formed on a surface of
the nozzle plate 7, which is to be opposed to the recording medium, thereby
preventing the ink from adhering thereto.

The flow path 9 is bonded to cover the aperture plane 17A of the cover plate
substrate 5 and includes a connection portion 9A connected to a pressure-regulating
chamber (not shown) for temporarily storing the ink fed from an ink tank (not shown).

The support plate 31 supports the actuator substrate 3 and the cover plate
substrate 5 which are overlapped with each other and also supports the nozzle plate
7. A fit hole 33 extending in the direction in which the discharge grooves 13 are
arranged is formed through the support plate. The support plate 31 supports the
actuator substrate 3 and the cover plate substrate 5 which are overlapped with each

other while the actuator substrate 3 and the cover plate substrate 5 are being fitted
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into the fit hole 33. A surface of the support plate 31 on the distal end side is flush
with an end surface of each of the actuator substrate 3 and the cover plate substrate
5 on the distal end side.

For use, the liquid-jet head 10 thus configured is mounted on the liquid-jet
recording apparatus 100 which is an ink-jet recording apparatus used in a printer, a
fax, or the like, as illustrated in FIG. 4.

The liquid-jet recording apparatus 100 includes a plurality of the liquid-jet
heads 10, a carriage 103, and an ink cartridge 107. The plurality of liquid-jet heads
10 are respectively provided for different colors. The liquid-jet heads 10 are
arranged in a main-scanning direction to be mounted onto the carriage 103. The ink
cartridge 107 supplies the ink to the liquid-jet heads 10 through an ink supply tube
105 made of a flexible tube. |

The carriage 103 is mounted to be movable in a long axis direction of a pair
of guide rails 109A and 109B. A drive motor 111 is provided on the side of one end
of the pair of the guide rails 109A and 109B. A drive force generated by the drive
motor 111 is transmitted to a timing belt 115 bridged between a pulley 113A
connected to the drive motor 111 and a pulley 113B provided on the side of the other
end of the pair of the guide rails 109A and 109B. As a result, the carriage 103 fixed
at a predetermined position on the timing belt 115 is conveyed. '

A pair of conveying rollers 119 are provided along the guide rails 109A and
109B on the side of each end of a case 117 indicated by a dot line in a direction
perpendicular to the direction in which the carriage 103 is conveyed. The pairs of
conveying rollers 119 convey a recording medium S below the carriage 103 in a

direction perpendicular to the direction in which the carriage 103 is conveyed.
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In the liquid-jet recording apparatus 100 thus configured, the carriage 103 is
scanned in a direction perpendicular to a direction in which the recording medium S
is fed while the recording medium S is being fed by the conveying rollers 119. As a
result, characters, images, and the like are recorded on the recording medium S by
the liquid-jet heads 10.

Hereinafter, the functions of the liquid-jet heads 10 mounted on the liquid-jet
recording apparatus 100 are specifically described.

After the ink supplied from the ink tank is temporarily stored in the
pressure-regulating chamber, the ink passes through the connection portion 9A to be
introduced into the flow path 9. Then, the ink is guided into the common ink
chamber 17 of the cover plate substrate 5. Then, the ink is supplied from the
common ink chamber 17 to all the discharge channels 23A in a distributed manner.

When a voltage is applied to the electrodes 16 on the both side walls 15 of a
predetermined one of the discharge channels 23A, the side walls 15 are subjected to
shear deformation due to a piezoelectric thickness-shear effect to change a volume
of the corresponding discharge channel 23A. For example, the voltage is applied in
one direction perpendicular to a polarization direction so as to outwardly deform both
the side walls '15 of the discharge channel 23A, that is, to deform both the side walls
15 toward the dummy channel 23B. As a result, the amount of ink, which
corresponds to an increase in volume of the discharge channel 23A, is introduced
into the discharge channel 23A.

Next, the voltage applied to the side walls 15 is set to zero. Specifically,
both the side walls 15 of the discharge channel 23A are placed in a state without

deformation before the application of the voltage. As a result, the volume of the
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discharge channel 23A is reduced to increase the pressure, thereby discharging the
ink from each of thg nozzle holes 27.

In this case, the filter 50 having the flat surface at a distance less than 0.8
mm (specifically, at a distance of about 0.5 mm) from all the slits 19 is located at a
position at which the aperture plane 17A of the common ink chamber 17 is
‘substantially closed. Therefore, the propagation of a fluctuation in pressure
(so-called crosstalk) between a part of the discharge channels 23A and the dummy
channels 23B which are adjacent to each other can be efficiently suppressed.

As a result, as shown in FIG. 5, discharge characteristics of all the discharge
channels 23A can be substantially stabilized. Thus, the ink can be discharged from
all the discharge channels 23A without being affected by an operating state of the
dummy channels 23B adjacent thereto. More specifically, a difference in discharge
speed from each of the discharge nozzles 27 can be kept to 0.2 m/s or less, whereas
a difference in amount of discharged ink can be kept within +3%. In FIG. 5, an
ordinate axis represents the discharge speed (m/sec), whereas an abscissa axis
represents a discharge nozzle hole number. As discharge conditions, a
water-based dye ink is used as the ink, and the ink is discharged from all the nozzle
holes 27 at a discharge frequency of 18 kHz.

For example, the discharge speed of the ink discharged frc;m the discharge
nozzle hole 27 of each of the discharge channels 23A is made substantially equal for
all the discharge nozzle holes 27. As a result, the occurrence of unevenness in
density of characters, images, and the like on the recording medium S can be
prevented. '

Here, as a comparative example of the liquid-jet head chip 1, the liquid-jet
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head 10, and the liquid-jet recording apparatus 100 according to this embodiment, for
example, the case where the filter 50 is located at a distance of about 2 mm from the
ends of all the slits 19 on the actuator substrate 3 side is described.

In this case, as shown in FIG. 6, the discharge speed varies periodically in
the direction in which the discharge nozzles are arranged. Referring to FIG. 6, the
discharge speed is large for nozzles Nos. 1 to 9 and 81 to 97, in the vicinity of a
nozzle No. 177, and in the vicinity of a nozzle No. 249, whereas the discharge speed
is small in the vicinity of a nozzle No. 41, in the vicinity of a nozzle No. 129, and for
nozzles Nos. 217 to 233. As described above, with the configuration of this
comparative example, the discharge characteristics of all the discharge channels 23A
cannot be stabilized.

Moreover, although the filter 50 has been exemplified for description in this
embodiment, any structure having a flat surface, which can be located at an
approximately constant distance from the ends of all the slits 19, may be used
instead. For example, a plate having a through-hole may be used. In this case, it
is preferred to locate the structure at a distance less than 0.8 mm from the ends of all
the slits 19.

Further, the discharge channels 23A and the dummy channels 23B are
alternately formed in the direction in which the discharge grooves 13 are arranged in
this embodiment. Instead, however, the slits 19 of the cover plate substrate 5 may
be brought into communication with all the discharge grooves 13 to form only the
discharge channels 23A. In this case, the nozzle holes 27 may be formed through
the nozzle plate 7 at intervals so as to be opposed to all the discharge channels 23A.

In this manner, the ink can be discharged from each of all the discharge grooves 13
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(in other words, all discharge channels 23A) without being affected by the operation
of the other discharge grooves 13 (other discharge channels 23A).

Further, in this embodiment, there has been described the driving method for
setting the voltage applied to the side walls 15 to zero to bring both the side walls 15
of the discharge channel 23A into a state without deformation before the application
of the voltage. However, the voltage may be applied in the opposite direction.
Specifically, the voltage may be applied in the other direction perpendicular to the
polarization direction to inwardly deform both the side walls 15 of the discharge
channel 23A, that is, to deform both the side walls 15 away from the dummy
channels 23B. In this manner, the volume of the discharge channel 23A is reduced
to increase the pressure, whereby the ink is discharged from the nozzle holes 27.

The different driving method has also been described as above. In the
above-mentioned methods, when the ink is required to be further pressurized to
stably discharge the ink, the side walls 15 are deformed to project toward the
discharge channels from which the ink is discharged. An internal pressure of the
discharge channels, from which the ink is discharged, is further increased by this
operation, and hence the ink can be further pressurized. However, the operation is
performed for the purpose of stably discharging the ink as described above, and
hence the operation is not essential. Therefore, the operation may be arbitrarily
used as needed. Moreover, by performing the operations described above in
combination as needed, the optimal discharge of the ink can be realized.

Further, although the ink-jet recording apparatus has been described as an
example of the liquid-jet recording apparatus in this embodiment, the liquid-jet

recording apparatus is not limited to the printer. For example, the liquid-jet recording
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apparatus of the present invention may include a fax, an on-demand printer, or the
like. Moreover, although the plurality of nozzle holes 27 are linearly arranged in one
row in the direction of arrangement, the plurality of nozzle holes 27 may be arranged
to be shifted from each other in a longitudinal direction. For example, the plurality of
nozzle holes 27 may be arranged obliquely or in a zigzag pattern. Moreover, the
shape of each of the nozzle holes 27 is not limited to a circle. For example, the
shape of each of the nozzle holes 27 may include an ellipsoid, a star-like shape or a
polygon such as a triangle.

Although the case where the water-based ink is used has been described in
this embodiment, a non-conductive oil-based ink, a solvent ink, a UV-ink, or the like
may be used. When the oil-based ink is used, it is sufficient to provide the liquid-jet
head chip 1 with the above-mentioned structure including the discharge channels
23A alone. Specifically, the slits 19 of the cover plate substrate 5 are brought into
communication with all the discharge grooves 13 to form the discharge channels 23A
alone. By thus configuring the liquid-jet head chip, any type of ink may be used.
Therefore, the water-based ink can be used to perform recording. In particular, even
the ink having conductivity can be used without any problems, and hence the added
value of the ink-jet printer can be enhanced. For the rest, similar functions and
effects can be obtained.

Although the cover plate opening portion 61 of the cover plate substrate 5
includes the common ink chamber 17 and the slits 19 in this embodiment, the cover
plate opening portion 61 may be in communication with all the discharge grooves 13
without including the slits 19, for example. In this manner, for example, when the

oil-based ink is used, the configuration of the liquid-jet head chip 1 can be simplified.
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Moreover, although the common ink chamber 17 is formed in the cover plate
substrate 5 in this embodiment, the common ink chamber may be formed in the
actuator substrate 3 as a reference example. For example, the following structure
may be alternatively used. In this alternative structure, the common ink chamber
with a U-shaped cross section, extending in the direction in which the discharge
grooves 13 are arranged, is formed on a rear surface of the actuator substrate 3 (on
the surface of the actuator substrate 3, which is on the'side opposite to the surface
on which the discharge grooves 13 are formed). On a bottom surface of the
common ink chamber, the slits in communication with the discharge grooves are
formed. In this case, the position of the support plate 31 is changed. Specifically,
the support plate 31 is arranged to be superimposed on the cover plate substrate 5.

The foregoing description has been given by way of example only and it will
be appreciated by a persoﬁ skilled in the art that modifications can be made without

departing from the scope of the present invention.
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Claims:

1. A liquid-jet head chip comprising:

an actuator substrate comprising a plurality of liquid discharge flow paths

| the plurality of liquid discharge flow paths each being open on one
surface of the actuator substrate,

the plurality ofyliquid discharge flow paths being formed in parallel at

a distance from each other; |

a cover plate substrate which is bonded onto the one surface of the actuator
substrate, and comprises an opening portion being open on a surface of the cover
plate substrate on a side opposite to the actuator substrate and being in
communication with the liquid discharge flow paths; and

a structure having a flat surface at an approximately constant distance from a
surface of the cover plate substrate, to which the actuator substrate is bonded, the
structure being located at a position at which the opening portionlof the cover plate

substrate is substantially closed.

2. A liquid-jet head chip according to claim 1, wherein the opening portion
comprises:

a concave portion having an aperture plane on the surface on the side
opposite to the actuator substrate; and

a plurality of through-holes extending from the concave portion to the liquid

discharge flow paths.

3. Aliquid-jet head chip according to claim 1 or 2, wherein the structure is a
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foreign substance removal member.

4. A liquid-jet head chip according to any one of claims 1 to 3, wherein the
structure is located at a distance less than 0.8 mm from the surface of the cover plate

substrate, to which the actuator substrate is bonded.

5. A liquid-jet head, comprising:

the liquid-jet head chip according to any one of claims 1 to 4; and

a flow path member bonded onto the one surface of the cover plate substrate,
the flow path member comprising a flow path for supplying a liquid to the opening

portion.

6. A liquid-jet recording apparatus comprising the liquid-jet head according to

claim 5.



s’ INTELLECTUAL 19

e’ PROPERTY OFFICE

Application No: GB0921506.2 Examiner: Mr Marc Collins
Claims searched: 1-6 Date of search: 19 March 2010

Patents Act 1977: Search Report under Section 17

Documents considered to be relevant:
Category |Relevant | Identity of document and passage or figure of particular relevance
to claims

Y 1 at least | US 2002/063766 Al
(YOSHIZAWA et al.) See whole document especially paragraphs [0120]
to [0124] and figures.

Y 1 at least | US 2005/206686 Al
(HIRANO) See whole document especially paragraph 50 and figure 1.

Y 1 at least | EP 1122560 Al
(MATSUSHITA ELECTRIC IND CO LTD) See whole document
especially paragraph [0102] and figure 6.

Y I atleast | US 5742314 A
(HAYES) See whole document especially figures 3-5.

Categories:

X  Document indicating lack of novelty or inventive A Document indicating technological background and/or state
step of the art.

Y  Document indicating lack of inventive step if P Document published on or after the declared priority date but
combined with one or more other documents of before the filing date of this invention.
same category.

&  Member of the same patent family E  Patent document published on or after, but with priority date

earlier than, the filing date of this application.
Field of Search:

Search of GB, EP, WO & US patent documents classified in the following areas of the UKC X,

L |

Worldwide search of patent documents classified in the following areas of the IPC

[B41J |

The following online and other databases have been used in the preparation of this search report

| EPODOC, WPI, TXTE ]
International Classification:
Subclass Subgroup Valid From

B41J 0002/14 01/01/2006

Intellectual Property Office is an operating name of the Patent Office www.ipo.gov.uk



	BIBLIOGRAPHY
	DRAWINGS
	DESCRIPTION
	CLAIMS
	SEARCH_REPORT

