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(54) Ink jet recording head and ink jet recording apparatus comprising the same

(57) The invention relates to an ink jet recording
head comprising a nozzle forming member provided
with a plurality of nozzle orifices for jetting ink; a channel
forming substrate provided with a plurality of pressure
generating chambers communicated with the associat-
ed nozzle orifices, one face of which is bonded to the
nozzle forming member; a plurality of piezoelectric ele-
ments provided an a face of the channel forming sub-
strate which is opposed to the face bonded to the nozzle
forming member with a vibration plate in between for
changing the associated pressure generating chambers
in volume thereof; and a sealing member bonded to the
face of the channel forming substrate an which the pie-
zoelectric elements are provided, the sealing member
having walls for defining a space in an area facing the
piezoelectric elements such an extent that motion of the
respective piezoelectric elements is exhibited while
sealing the space hermetically, wherein one of the walls
of the sealing member is disposed an each of the pie-
zoelectric elements.
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Description

BACKGROUND OF THE INVENTION

[0001] This invention relates to an ink jet recording
head wherein a piezoelectric element is formed via a
diaphragm in a part of each of pressure generating
chambers communicating with nozzle orifices for jetting
ink drops and ink drops are jetted by displacement of
the piezoelectric element, and an ink jet recording ap-
paratus comprising the ink jet recording head.
[0002] The following two types of ink jet recording
heads, each wherein a part of a pressure generating
chamber communicating with a nozzle orifice for jetting
an ink drop is formed of a diaphragm and the diaphragm
is deformed by a piezoelectric element for pressurizing
ink in the pressure generating chamber for jetting an ink
drop through the nozzle orifice, are commercially prac-
tical: One uses a piezoelectric actuator in a vertical vi-
bration mode in which the piezoelectric element is ex-
panded and contracted axially and the other uses a pi-
ezoelectric actuator in a deflection vibration mode.
[0003] With the former, the volume of the pressure
generating chamber can be changed by abutting an end
face of the piezoelectric element against the diaphragm
and a head appropriate for high-density printing can be
manufactured, but a difficult step of dividing the piezo-
electric element like comb teeth matching the arrange-
ment pitch of the nozzle orifices and work of positioning
and fixing the piezoelectric element divisions in the pres-
sure generating chambers are required and the manu-
facturing process is complicated.
[0004] In contrast, with the latter, the piezoelectric el-
ement can be created and attached to the diaphragm
by executing a comparatively simple process of putting
a green sheet of a piezoelectric material matching the
form of the pressure generating chamber and baking it,
but a reasonable area is required because deflection vi-
bration is used; high-density arrangement is difficult to
make.
[0005] On the other hand, to solve the problem of the
latter recording head, Japanese Patent Publication No.
5-286131A proposes an art wherein an uniform piezo-
electric material layer is formed over the entire surface
of a diaphragm according to a film formation technique
and is divided to a form corresponding to a pressure
generating chamber according to a lithography tech-
nique for forming a piezoelectric element separately for
each pressure generating chamber.
[0006] This eliminates the need for work of putting the
piezoelectric element on the diaphragm and the piezo-
electric element can be created by the lithography meth-
od, an accurate and simple technique. In addition, the
piezoelectric element can be thinned and high-speed
drive is enabled. In this case, with the piezoelectric ma-
terial layer provided on the whole surface of the dia-
phragm, at least only upper electrodes are provided in
a one-to-one correspondence with the pressure gener-

ating chambers, whereby the piezoelectric actuator cor-
responding to each pressure generating chamber can
be driven.
[0007] In such an ink jet recording head, generally a
reservoir which becomes an ink chamber common to
pressure generating chambers is formed by depositing
a plurality of substrates on each other, and ink is sup-
plied from the reservoir to the pressure generating
chambers. To hold the internal pressure of the reservoir
constant, the reservoir is provided with a compliance
section for absorbing pressure change when a piezoe-
lectric element is driven.
[0008] However, a large number of substrates used
to form the reservoir are required; particularly a large
number of substrates deposited to form the compliance
section are required, increasing material and assembly
costs.
[0009] The ink jet recording head as described above
is intended to have a large number of nozzles and it is
necessary to form the reservoir in size capable of suffi-
ciently supplying ink to the pressure generating cham-
bers accordingly; the strength of the substrates forming
the reservoir is degraded inevitably. Thus, if heat is ap-
plied to the substrates at an installation step, the sub-
strates are warped due to thermal expansion and a
crack occurs.
[0010] To use silicon for the substrate for defining
each pressure generating chamber, it is difficult to bond
at a high temperature because of the difference from
other substrates in thermal expansion coefficient and
the number of assembly steps is increased.

SUMMARY OF THE INVENTION

[0011] It is therefore an object of the invention to pro-
vide an ink jet recording head for preventing deformation
and cracking of substrates with a structure simplified
and manufacturing costs reduced, and an ink jet record-
ing apparatus comprising the ink jet recording head.
[0012] In order to achieve the above object, according
to a first aspect of the invention, there is provided an ink
jet recording head comprising: a nozzle forming mem-
ber provided with a plurality of nozzle orifices for jetting
ink; a channel forming substrate provided with a plurality
of pressure generating chambers communicated with
the associated nozzle orifices, one face of which is
bonded to the nozzle forming member; a plurality of pi-
ezoelectric elements provided on an face of the channel
forming substrate which is opposed to the face bonded
to the nozzle forming substrate with a vibration plate in
between for changing the associated pressure generat-
ing chambers in volume thereof; and a reservoir forming
member bonded to the face of the channel forming sub-
strate on which the piezoelectric elements are provided,
the reservoir forming member having a reservoir section
forming at least a part of a reservoir communicated with
the pressure generating chambers for supplying ink
thereto, and a piezoelectric element holding section for
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defining a space in an area facing the piezoelectric ele-
ments such an extent that motion of the respective pie-
zoelectric elements is exhibited while sealing the space
hermetically.
[0013] In the first aspect, the number of substrates de-
posited for forming the reservoir can be reduced and the
structure can be simplified. In addition, the piezoelectric
elements are hermetically sealed in the piezoelectric el-
ement holding section and destruction of the piezoelec-
tric elements caused by the external environment is pre-
vented.
[0014] According to a second aspect of the invention,
in the ink jet recording head in the first aspect, the pie-
zoelectric element holding section is partitioned by par-
tition walls so as to correspond to the respective piezo-
electric elements and the partition walls are bonded to
the channel forming substrate.
[0015] In the second aspect, the rigidity of the periph-
eral walls partitioning the pressure generating cham-
bers is increased, and falling down of the peripheral
walls when the piezoelectric element is driven is pre-
vented.
[0016] According to a third aspect of the invention, in
the ink jet recording head in the first or second aspect,
the channel forming substrate is formed with a commu-
nication section for communicating with the reservoir
section of the reservoir forming member to form a part
of the reservoir together with the reservoir section.
[0017] In the third aspect, the reservoir is made up of
the reservoir section and the communication section; a
reservoir of a relatively large volume can be formed eas-
ily.
[0018] According to a fourth aspect of the invention,
in the ink jet recording head in any of the first to third
aspects, the reservoir and each pressure generating
chamber are made to communicate with each other via
an ink supply passage relatively narrower than the res-
ervoir.
[0019] In the fourth aspect, ink is supplied from the
reservoir to the pressure generating chamber via the ink
supply port having a relatively narrower flow passage
than the reservoir, so that the amount of bubbles mixed
into the ink is suppressed.
[0020] According to a fifth aspect of the invention, in
the ink jet recording head in any of the first to fourth as-
pects, an ink introduction port communicating with the
outside for supplying ink to the reservoir is made to com-
municate with the reservoir section.
[0021] In the fifth aspect, ink is supplied through the
ink introduction port to the reservoir.
[0022] According to a sixth aspect of the invention, in
the ink jet recording head in any of the first to fifth as-
pects, the reservoir section is so formed as to be across
the pressure generating chambers placed side by side.
[0023] In the sixth aspect, ink is supplied from the res-
ervoir common to the pressure generating chambers.
[0024] According to a seventh aspect of the invention,
in the ink jet recording head in any of the first to sixth

aspects, a part of the reservoir section of the reservoir
forming member has a flexible section having flexibility.
[0025] In the seventh aspect, change in the internal
pressure of the reservoir is absorbed as the flexible sec-
tion becomes deformed, whereby the inside of the res-
ervoir is always held at a constant pressure.
[0026] According to an eighth aspect of the invention,
in the ink jet recording head in the seventh aspect, the
channel forming substrate in the area corresponding to
the reservoir section is formed with a through section
piercing the channel forming substrate without commu-
nicating with the pressure generating chambers. The
flexible portion is defined as a section between the
through section and the reservoir section.
[0027] In the eighth aspect, the flexible section placed
between the through section and the reservoir section
becomes elastically deformed, thereby absorbing pres-
sure change in the reservoir for always holding the in-
side of the reservoir at a constant pressure.
[0028] According to a ninth aspect of the invention, in
the ink jet recording head in the eighth aspect, the
through section is so formed as to be across the pres-
sure generating chambers placed side by side.
[0029] In the ninth aspect, the flexible section is
formed in an area capable of sufficiently absorbing pres-
sure change in the reservoir.
[0030] According to a tenth aspect of the invention, in
the ink jet recording head in the eighth or ninth aspect,
the through section is etched together with the pressure
generating chambers and is formed.
[0031] In the tenth aspect, the flexible section can be
formed relatively easily.
[0032] According to an eleventh aspect of the inven-
tion, in the ink jet recording head in any of the seventh
to tenth aspects, the flexible section is provided by bond-
ing a flexible member.
[0033] In the eleventh aspect, the flexible section can
be easily provided by bonding a flexible member.
[0034] According to a twelfth aspect of the invention,
in the ink jet recording head in the eleventh aspect, the
flexible member is a thin film made of at least one of
metal and ceramic.
[0035] In the twelfth aspect, a thin film is formed,
whereby the flexible section can be easily formed.
[0036] According to a thirteenth aspect of the inven-
tion, in the ink jet recording head in the eleventh aspect,
the flexible member is made of a resin material.
[0037] In the thirteenth aspect, the flexible section is
made of a resin member and thus can be easily formed.
[0038] According to a fourteenth aspect of the inven-
tion, in the ink jet recording head in the thirteenth aspect,
the resin material is at least one selected from the group
consisting of fluororesin, silicone resin, and silicone rub-
ber.
[0039] In the fourteenth aspect, a specific resin mate-
rial is used, whereby the flexible section can be formed
reliably.
[0040] According to a fifteenth aspect of the invention,
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in the ink jet recording head in the eleventh aspect, the
flexible member contains a layer having a tensile stress.
[0041] In the fifteenth aspect, the flexible film is not
buckled and can be prevented from being destroyed.
[0042] According to a sixteenth aspect of the inven-
tion, in the ink jet recording head in the eleventh aspect,
the flexible member is composed of a layer forming the
piezoelectric elements.
[0043] In the sixteenth aspect, when the piezoelectric
elements are formed, the flexible member can be easily
formed together with the piezoelectric elements.
[0044] According to a seventeenth aspect of the in-
vention, in the ink jet recording head in any of the elev-
enth to sixteenth aspects, another substrate having a
through hole at least in an area facing the flexible section
is bonded to the flexible member.
[0045] In the seventeenth aspect, the strength of oth-
er portions than the flexible section is enhanced and the
durability of the head is improved.
[0046] According to an eighteenth aspect of the inven-
tion, in the ink jet recording head in any of the eleventh
to seventeenth aspects, a projected beam member is
provided on the surface of the flexible member on the
opposite side to the reservoir section so as to extend in
a plane direction of the flexible member.
[0047] In the eighteenth aspect, the strength of the
flexible film is increased by means of the beam member
and the durability is improved.
[0048] According to a nineteenth aspect of the inven-
tion, in the ink jet recording head in the eighteenth as-
pect, the beam member is formed like a grid.
[0049] In the nineteenth aspect, the strength of the
flexible film is increased by means of the grid-like beam
member and the durability is improved.
[0050] According to a twentieth aspect of the inven-
tion, in the ink jet recording head in any of the first to
nineteenth aspects, the reservoir section is provided
with at least one beam-like reinforcing member across
side walls defining the reservoir section and facing each
other.
[0051] In the twentieth aspect, the rigidity of the res-
ervoir section is enhanced by means of the reinforcing
section and cracking of the reservoir forming member
caused by a thermal stress at the installation time is pre-
vented.
[0052] According to a twenty-first aspect of the inven-
tion, in the ink jet recording head in the twentieth aspect,
at least a part of the reinforcing section is thinner than
any other portion of the reservoir forming member.
[0053] In the twenty-first aspect, the rigidity of the res-
ervoir section is improved without degrading the func-
tion of the reservoir.
[0054] According to a twenty-second aspect of the in-
vention, in the ink jet recording head in the twenty-first
aspect, at least a part of the reinforcing section on the
side of the channel forming substrate is removed and is
thinner than any other portion.
[0055] In the twenty-second aspect, the function of

the reservoir can be maintained reliably and the rigidity
of the reservoir section is improved.
[0056] According to a twenty-third aspect of the inven-
tion, in the ink jet recording head in any of the twentieth
to twenty-second aspects, the reinforcing section is
formed along the longitudinal direction of the piezoelec-
tric elements.
[0057] In the twenty-third aspect, cracking of the res-
ervoir forming substrate caused by a thermal stress at
the installation time is prevented reliably.
[0058] According to a twenty-fourth aspect of the in-
vention, in the ink jet recording head in any of the first
to twenty-third aspects, at least a part of the area of the
reservoir forming member facing the piezoelectric ele-
ment is formed with a detection through hole for detect-
ing displacement of the piezoelectric element.
[0059] In the twenty-fourth aspect, displacement of
the piezoelectric element can be detected easily from
the outside of the reservoir forming member.
[0060] According to a twenty-fifth aspect of the inven-
tion, in the ink jet recording head in the twenty-fourth
aspect, the piezoelectric element holding section is
formed by piercing the reservoir forming member and is
sealed with a transparent member, and also serves as
the detection through hole.
[0061] In the twenty-fifth aspect, displacement of the
piezoelectric element can be detected with the piezoe-
lectric element hermetically sealed.
[0062] According to a twenty-sixth aspect of the in-
vention, in the ink jet recording head in the twenty-fifth
aspect, the transparent member forms the flexible sec-
tion.
[0063] In the twenty-sixth aspect, change in the inter-
nal pressure of the piezoelectric element holding section
is absorbed as the transparent member becomes de-
formed, whereby the internal pressure of the piezoelec-
tric element holding section is held constant.
[0064] According to a twenty-seventh aspect of the in-
vention, the ink jet recording head in any of the first to
twenty-sixth aspects further comprises: a first wiring
drawn out from the piezoelectric elements on the chan-
nel forming substrate; a second wiring provided on the
reservoir forming member in an area opposite side of
the channel forming substrate; a connection wiring for
connecting the first and second wirings; and an external
wiring connected to the second wiring.
[0065] In the twenty-seventh aspect, the wiring drawn
out from the piezoelectric element and the external wir-
ing are connected in the area of the reservoir forming
member on the opposite side to the channel forming
substrate, so that the head can be miniaturized.
[0066] According to a twenty-eighth aspect of the in-
vention, in the ink jet recording head in the twenty-sev-
enth aspect, the connection wiring is formed by wire
bonding.
[0067] In the twenty-eighth aspect, the connection
wiring can be formed easily.
[0068] According to a twenty-ninth aspect of the in-
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vention, in the ink jet recording head in the twenty-sev-
enth aspect, the connection wiring is formed of a thin
film.
[0069] In the twenty-ninth aspect, the connection wir-
ing can be formed. easily.
[0070] According to a thirtieth aspect of the invention,
in the ink jet recording head in any of the twenty-seventh
to twenty-ninth aspects, the reservoir forming member
is formed with a communication hole piercing the reser-
voir forming member for communicating with the outside
in the area corresponding to the piezoelectric element.
The connection wiring is provided via the communica-
tion hole.
[0071] In the thirtieth aspect, the connection wiring
can be placed in the reservoir forming member, so that
the head can be miniaturized.
[0072] According to a thirty-first aspect of the inven-
tion, in the ink jet recording head in the thirtieth aspect,
the communication hole is made in the area facing a pe-
ripheral wall of the pressure generating chamber on the
reservoir side.
[0073] In the thirty-first aspect, the connection wiring
is placed via the communication hole on the reservoir
side.
[0074] According to a thirty-second aspect of the in-
vention, in the ink jet recording head in the thirtieth as-
pect, the communication hole is made in the area facing
a peripheral wall of the pressure generating chamber on
the nozzle orifice side.
[0075] In the thirty-second aspect, the connection wir-
ing is placed via the communication hole on the nozzle
orifice side.
[0076] According to a thirty-third aspect of the inven-
tion, in the ink jet recording head in any of the twenty-
seventh to thirty-second aspects, a drive circuit for driv-
ing the piezoelectric elements is mounted in the reser-
voir forming member. The connection wiring is connect-
ed to the drive circuit.
[0077] In the thirty-third aspect, the drive circuit can
be mounted on the reservoir forming member for saving
the space.
[0078] According to a thirty-fourth aspect of the inven-
tion, in the ink jet recording head in the thirty-third as-
pect, the drive circuit is a semiconductor integrated cir-
cuit.
[0079] In the thirty-fourth aspect, the drive circuit can
be mounted easily on the reservoir forming member and
space saving can be intended reliably.
[0080] According to a thirty-fifth aspect of the inven-
tion, in the ink jet recording head in any of the first to
thirty-fourth aspects, the reservoir forming member is a
reservoir forming substrate including the reservoir sec-
tion.
[0081] In the thirty-fifth aspect, the ink jet recording
head capable of reliably supplying ink to the pressure
generating chambers through the reservoir can be real-
ized easily.
[0082] According to a thirty-sixth aspect of the inven-

tion, in the ink jet recording head in the thirty-fifth aspect,
the thermal expansion coefficient of the reservoir form-
ing substrate is substantially the same as that of the
channel forming substrate.
[0083] In the thirty-sixth aspect, it is made possible to
bond the reservoir forming member and the channel
forming substrate at a high temperature, and the man-
ufacturing process can be simplified.
[0084] According to a thirty-seventh aspect of the in-
vention, in the ink jet recording head in the thirty-fifth or
thirty-sixth aspect, the reservoir forming substrate is
made of at least one material selected from the group
consisting of silicon, glass, and ceramics.
[0085] In the thirty-seventh aspect, the reservoir form-
ing substrate is formed of a specific material, whereby
the manufacturing process can be simplified reliably.
[0086] According to a thirty-eighth aspect of the inven-
tion, in the ink jet recording head in any of the first to
thirty-seventh aspects, the nozzle forming member is
formed of substantially the same material as the channel
forming substrate and the reservoir forming member.
[0087] In the thirty-eighth aspect, joining of the nozzle
forming member is facilitated and the manufacturing
process can be simplified.
[0088] According to a thirty-ninth aspect of the inven-
tion, in the ink jet recording head in any of the first to
thirty-eighth aspects, the nozzle forming member is a
nozzle plate provided with the nozzle orifices.
[0089] In the thirty-ninth aspect, the ink jet recording
head for jetting ink through the nozzle orifices can be
realized easily.
[0090] According to a fortieth aspect of the invention,
in the ink jet recording head in any of the first to thirty-
ninth aspects, the pressure generating chambers are
formed on a ceramic substrate. The layers of the piezo-
electric element are formed by putting a green sheet or
printing.
[0091] In the fortieth aspect, the head can be manu-
factured easily.
[0092] According to a forty-first aspect of the inven-
tion, in the ink jet recording head in any of the first to
fortieth aspects, the pressure generating chambers are
formed on a silicon monocrystalline substrate by aniso-
tropic etching and the layers of the piezoelectric element
are formed by thin film deposition and lithography meth-
od.
[0093] In the forty-first aspect, ink jet recording heads
each having high-density nozzle orifices can be manu-
factured in large quantities and comparatively easily.
[0094] According to a forty-second aspect of the in-
vention, there is provided an ink jet recording apparatus
comprising an ink jet recording head in any of first to
forty-first aspects.
[0095] In the forty-second aspect, an ink jet recording
apparatus with the head structure simplified and manu-
facturing costs reduced can be realized.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0096] In the accompanying drawings:

Fig. 1 is an exploded perspective view of an ink jet
recording head according to a first embodiment of
the invention;
Figs. 2A and 2B are a plan view and a sectional view
of the ink jet recording head according to the first
embodiment of the invention;
Figs. 3A and 3B are a plan view and a sectional view
to show a modified example of the ink jet recording
head according to the first embodiment of the inven-
tion;
Fig. 4 is a sectional view to show a modified exam-
ple of the ink jet recording head according to the
first embodiment of the invention;
Fig. 5 is a sectional view to show a modified exam-
ple of the ink jet recording head according to the
first embodiment of the invention;
Figs. 6A and 6B is a plan view and a sectional view
to show a modified example of the ink jet recording
head according to the first embodiment of the inven-
tion;
Figs. 7A and 7B are a plan view and a sectional view
of an ink jet recording head according to a second
embodiment of the invention;
Figs. 8A and 8B are a sectional view of an ink jet
recording head and a schematic diagram of a flex-
ible film according to a third embodiment of the in-
vention;
Figs. 9A and 9B are a plan view and a sectional view
of an ink jet recording head according to a fourth
embodiment of the invention;
Fig. 10 is a perspective view to show a modified ex-
ample of the ink jet recording head according to the
fourth embodiment of the invention;
Fig. 11 is a perspective view to show a modified ex-
ample of the ink jet recording head according to the
fourth embodiment of the invention;
Fig. 12 is a sectional view of an ink jet recording
head according to a fifth embodiment of the inven-
tion;
Fig. 13 is a sectional view to show a modified ex-
ample of the ink jet recording head according to the
fifth embodiment of the invention;
Figs. 14A and 14B are a plan view and a sectional
view of an ink jet recording head according to a sixth
embodiment of the invention;
Fig. 15 is a sectional view to show a modified ex-
ample of the ink jet recording head according to the
sixth embodiment of the invention;
Figs. 16A and 16B are a plan view and a sectional
view of an ink jet recording head according to a sev-
enth embodiment of the invention;
Figs. 17A and 17B are a plan view and a sectional
view of an ink jet recording head according to an
eighth embodiment of the invention;

Figs. 18A and 18B are a plan view and a sectional
view to show a modified example of the ink jet re-
cording head according to the eighth embodiment
of the invention;
Figs. 19A and 19B are a plan view and a sectional
view to show a modified example of the ink jet re-
cording head according to the eighth embodiment
of the invention;
Figs. 20A and 20B are a plan view and a sectional
view of an ink jet recording head according to a ninth
embodiment of the invention;
Fig. 21 is a sectional view to show a modified ex-
ample of the ink jet recording head according to the
ninth embodiment of the invention;
Fig. 22 is a sectional view to show a modified ex-
ample of the ink jet recording head according to the
ninth embodiment of the invention;
Figs. 23A and 23B are a plan view and a sectional
view of an ink jet recording head according to a
tenth embodiment of the invention; and
Fig. 24 is a schematic diagram of an ink jet record-
ing apparatus according to one embodiment of the
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0097] Referring now to the accompanying drawings,
there are shown preferred embodiments of the inven-
tion.

First embodiment:

[0098] Fig. 1 is an exploded perspective view to show
an ink jet recording head according to a first embodi-
ment of the invention. Figs. 2A and 2B are a plan view
and a sectional view of the ink jet recording head shown
in Fig. 1.
[0099] As shown in the figure, a channel forming sub-
strate 10 is made of a silicon monocrystalline substrate
of a <110> plane orientation in the embodiment. Nor-
mally, a substrate about 150-300 µm thick is used as the
channel forming substrate 10; preferably a substrate
about 180-280 µm thick, more preferably a substrate
about 220 µm thick is used because the arrangement
density can be made high while the rigidity of a partition
between contiguous pressure generating chambers is
maintained.
[0100] The channel forming substrate 10 is formed on
one face with an opening face and on an opposite face
with an elastic film 50 of 1-2 µm thick made of silicon
dioxide previously formed by thermal oxidation.
[0101] On the other hand, the channel forming sub-
strate 10 is formed on the opening face with pressure
generating chambers 12 which are partitioned by a plu-
rality of partitions 11 and are placed side by side in a
width direction by anisotropically etching the silicon
monocrystalline substrate and is formed on the outside
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in the longitudinal direction thereof with a communica-
tion section 13 communicating with a reservoir section
of a reservoir forming substrate described later and
forming a part of a reservoir 100 which becomes an ink
chamber common to the pressure generating chambers
12; the communication section 13 communicates with
one end part of each pressure generating chamber 12
in the longitudinal direction thereof via an ink supply port
14.
[0102] The anisotropic etching is executed by using
the nature that if the silicon monocrystalline substrate is
immersed in an alkaline solution such as KOH, it grad-
ually erodes, a first <111> plane perpendicular to a
<110> plane and a second <111> plane forming about
70 degrees with the first <111> plane and forming about
35 degrees with the <110> plane appear, and the etch-
ing rate of the <111> plane is about 1/180 that of the
<110> plane. By the anisotropic etching, accurate work
can be executed based on depth work like a parallelo-
gram formed by the two first <111> planes and the two
second <111> planes tilted, and the pressure generating
chambers 12 can be arranged at a high density.
[0103] In the embodiment, the long sides of each
pressure generating chamber 12 are formed by the first
<111> planes and the short sides are formed by the sec-
ond <111> planes. The pressure generating chambers
12 are formed by etching the silicon monocrystalline
substrate almost passing through the channel forming
substrate 10 to the elastic film 50. The amount of im-
mersing the elastic film 50 in the alkaline solution for
etching the silicon monocrystalline substrate is extreme-
ly small. Each ink supply port 14 communicating with
one end of each pressure generating chamber 12 is
formed shallower than the pressure generating cham-
ber 12 for holding the flow passage resistance of ink
flowing into the pressure generating chamber 12 con-
stant. That is, the ink supply ports 14 are formed by etch-
ing the silicon monocrystalline substrate to an interme-
diate point in the thickness direction (half etching). The
half etching is executed by adjusting the etching time.
[0104] A nozzle plate 16 formed with nozzle orifices
15 communicating with the pressure generating cham-
ber 12 on the opposite side of the pressure generating
chamber 12 to the ink supply ports 14 is fixedly secured
to the opening face side of the channel forming sub-
strate 10 via an adhesive, a thermal-deposited film, etc.
The nozzle plate 16 is made of glass ceramics, stainless
steel, or the like having a thickness of 0.1-1 mm and a
linear expansion coefficient of 2.5-4.5 [x 10-6/°C] at
300°C or less, for example. One face of the nozzle plate
16 covers fully one face of the channel forming substrate
10, namely, the nozzle plate 16 also serves as a rein-
forcing plate for protecting the silicon monocrystalline
substrate from shock and external force. The nozzle
plate 16 may be formed of a material having substan-
tially the same thermal expansion coefficient as the
channel forming substrate 10 has. In this case, the chan-
nel forming substrate 10 and the nozzle plate 16 be-

come deformed substantially in the same manner due
to heat and thus can be joined easily using a thermoset-
ting adhesive, etc.
[0105] The size of each pressure generating chamber
12 for giving ink drop jet pressure to ink and the size of
each nozzle orifice 15 for jetting ink drops are optimized
in response to the jetted ink drop amount, jet speed, and
jet frequency. For example, to record 360 ink drops per
inch, the nozzle orifice 15 needs to be made accurately
with a diameter of several ten µm.
[0106] On the other hand, a lower electrode film 60,
for example, about 0.2 µm thick, a piezoelectric film 70,
for example, about 1 µm thick, and an upper electrode
film 80, for example, about 0.1 µm thick are deposited
on the elastic film 50 on the opposite side to the opening
face of the channel forming substrate 10 by a process
described later, making up a piezoelectric element 300.
This piezoelectric element 300 refers to the portion con-
taining the lower electrode film 60, the piezoelectric film
70, and the upper electrode film 80. Generally, one elec-
trode of the piezoelectric element 300 is used as a com-
mon electrode and the other electrode and the piezoe-
lectric film 70 are patterned for each pressure generat-
ing chamber 12. A portion made up of the electrode and
the piezoelectric film 70 patterned where piezoelectric
distortion occurs as a voltage is applied to both elec-
trodes is referred to as a piezoelectric active part 320.
In the embodiment, the lower electrode film 60 is used
as the common electrode of the piezoelectric element
300 and the upper electrode film 80 is used as a discrete
electrode of the piezoelectric element 300, but the lower
electrode film 60 may be used as a discrete electrode
and the upper electrode film 80 may be used as the com-
mon electrode for convenience of a drive circuit and wir-
ing. In any case, the piezoelectric active part is formed
for each pressure generating chamber 12. Here, the pi-
ezoelectric element 300 and the diaphragm displaced
by drive of the piezoelectric element 300 are collectively
called a piezoelectric actuator. In the above-described
example, the elastic film 50 and the lower electrode film
60 act as the diaphragm, but the lower electrode film
may also serve as the elastic film.
[0107] A reservoir forming substrate 20 having a res-
ervoir section 21 forming at least a part of the reservoir
100 is joined to the piezoelectric element 300 side of the
channel forming substrate 10. In the embodiment, the
reservoir section 21 is formed in the width direction of
the pressure generating chambers 12 piercing the res-
ervoir forming substrate 20 in the thickness direction
thereof and is made to communicate with the commu-
nication section 13 of the channel forming substrate 10
and forms a part of the reservoir 100 which becomes an
ink chamber common to the pressure generating cham-
bers 12 as described above.
[0108] Preferably, a material having substantially the
same thermal expansion coefficient as the channel
forming substrate 10 has, such as glass or ceramic ma-
terial, is used as the reservoir forming substrate 20. In
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the embodiment, the reservoir forming substrate 20 is
formed using a silicon monocrystalline substrate of the
same material as the channel forming substrate 10, so
that even if the reservoir forming substrate 20 and the
channel forming substrate 10 are bonded at a high tem-
perature using a thermosetting adhesive, they can be
bonded reliably as in the case of the above-described
nozzle plate 16. Therefore, the manufacturing process
can be simplified.
[0109] Further, a compliance substrate 30 made up of
a sealing film 31 and a fixing plate 32 is joined to the
reservoir forming substrate 20. The sealing film 31 is
made of a material having low rigidity and flexibility (for
example, polyphenylene sulfide (PPS) film of 6 µm thick)
and seals one side of the reservoir section 21. The fixing
plate 32 is formed of a hard material of metal, etc., (for
example, stainless steel (SUS) of 30 µm thick, or the
like). Since the area of the fixing plate 32 opposed to the
reservoir 100 forms an opening section 33 made by
completely removing a part of the seal plate 32 in the
thickness direction thereof, one side of the reservoir 100
is sealed only with the sealing film 31 having flexibility
and becomes a flexible section 22 that can become de-
formed as internal pressure changes.
[0110] An ink introduction port 25 for supplying ink to
the reservoir 100 is formed on the compliance substrate
30 on the outside substantially at the center in the lon-
gitudinal direction of the reservoir 100. Further, the res-
ervoir forming substrate 20 is formed with an ink intro-
duction passage 26 for making the ink introduction port
25 and the side wall of the reservoir 100 communicate
with each other. In the embodiment, ink is supplied to
the reservoir 100 through one ink introduction port 25
and one ink introduction passage 26, but the scope of
the invention is not limited to it. For example, more than
one ink introduction port and more than one ink intro-
duction passage may be provided in response to any
desired ink supply amount or the opening area of the ink
introduction port may be enlarged for enlarging the ink
flow passage.
[0111] Normally, when ink is supplied from the ink in-
troduction port 25 to the reservoir 100, pressure change
occurs in the reservoir 100, for example, due to an ink
flow at the driving time of the piezoelectric element 300
or ambient heat, etc. However, one side of the reservoir
100 is sealed only with the sealing film 31 and becomes
the flexible section 22 as described above, thus the flex-
ible section 22 becomes deflection-deformed for ab-
sorbing the pressure change. Therefore, the inside of
the reservoir 100 is always held at a constant pressure.
Other portions are held in sufficient strength by means
of the fixing plate 32. In the embodiment, the number of
the substrates forming the reservoir 100, etc., can be
decreased, thus the material and assembly costs, etc.,
can be reduced.
[0112] On the other hand, in a state in which a space
is provided to such an extent that motion of the piezoe-
lectric element 300 is not inhibited, the area of the res-

ervoir forming substrate 20 opposed to the piezoelectric
element 300 is formed with a piezoelectric element hold-
ing section 24 capable of hermetically sealing the space,
and at least the piezoelectric active part 320 of the pie-
zoelectric element 300 is hermetically sealed in the pi-
ezoelectric element holding section 24. In the embodi-
ment, the piezoelectric element holding section 24 is
formed in size covering a plurality of piezoelectric ele-
ments 300 placed side by side in a width direction.
[0113] Thus, the reservoir forming substrate 20 forms
the reservoir 100 and also serves as a capping member
for insulating the piezoelectric elements 300 from the
external environment; it can prevent the piezoelectric el-
ements 300 from being destroyed due to the external
environment of a moisture content, etc. In the embodi-
ment, the inside of the piezoelectric element holding
section 24 is sealed. However, for example, the space
in the piezoelectric element holding section 24 is evac-
uated or is placed in a nitrogen or argon atmosphere,
etc., whereby the inside of the piezoelectric element
holding section 24 can be held at low humidity and de-
struction of the piezoelectric elements 300 can be pre-
vented more reliably.
[0114] In the embodiment, the piezoelectric film 70
and the upper electrode film 80 of the piezoelectric ele-
ment 300 thus hermetically sealed by means of the pi-
ezoelectric element holding section 24 are extended
from one end part of the pressure generating chamber
12 in the longitudinal direction thereof to the outside of
the reservoir forming substrate 20 on the channel form-
ing substrate 10 and are connected to external wiring
40, such as a flexible cable, on an exposed portion 10a
where the face of the joint side of the channel forming
substrate 10 to the reservoir forming substrate 20 is ex-
posed. That is, wiring is extended from the piezoelectric
element 300 to the outside of the reservoir forming sub-
strate 20, whereby the piezoelectric element 300 and
the external wiring can be connected easily.
[0115] With the described ink jet recording head of the
embodiment, ink is taken in through the ink introduction
port 25 connected to external ink supply means (not
shown) and the inside of the recording head from the
reservoir 100 to the nozzle orifices 15 is filled with ink,
then a voltage is applied to the part between the lower
electrode film 60 and the upper electrode film 80 corre-
sponding to each pressure generating chamber 12 ac-
cording to a record signal from an external drive circuit
(not shown) for deflection-deforming the elastic film 50,
the lower electrode film 60, and the piezoelectric film 70,
thereby raising pressure in the corresponding pressure
generating chamber 12 and jetting an ink drop through
the corresponding nozzle orifice 15.
[0116] In the embodiment, the piezoelectric element
holding section 24 of the reservoir forming substrate 20
is formed so as to cover all piezoelectric elements 300
placed side by side in the width direction, but the scope
of the invention is not limited to it. For example, as
shown in Figs. 3A and 3B, the piezoelectric element
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holding section 24 may be divided by partition walls 27
into separate piezoelectric element holding sections
24A for hermetically sealing the piezoelectric elements
300 with the corresponding piezoelectric element hold-
ing sections 24A, whereby the partition wall 27 is joined
to the portion of the channel forming substrate 10 cor-
responding to a side wall 12a of each pressure gener-
ating chamber 12, the rigidity of the peripheral wall of
the pressure generating chamber 12 is enhanced, and
falling down of the peripheral wall when the piezoelectric
element 300 is driven can be suppressed. According to
the composition, destruction of the piezoelectric ele-
ment 300 can also be prevented as in the above-de-
scribed embodiment, needless to say.
[0117] In the embodiment, the piezoelectric film 70
and the upper electrode film 80 are extended to the out-
side of the reservoir forming substrate 20 and the upper
electrode film 80 and the external wiring 40 are connect-
ed, but the scope of the invention is not limited to it. For
example, as shown in Fig. 4, the piezoelectric elements
300 may be patterned in the area facing the pressure
generating chambers 12 and a lead electrode 90 may
be extended from the upper electrode film 80 via an in-
sulation film 85 to the exposed portion 10a outside the
reservoir forming substrate 20 and be connected to the
external wiring 40 in the proximity of the end portion
thereof.
[0118] Thus, the lead electrode 90 is extended from
the upper electrode film 80 to the outside of the reservoir
forming substrate 20 and is connected to the external
wiring 40, whereby a gap with the elastic film 50 when
the reservoir forming substrate 20 is bonded becomes
only several µm and the piezoelectric elements 300 can
be hermetically sealed in the piezoelectric element hold-
ing section 24 more reliably.
[0119] In the embodiment, the channel forming sub-
strate 10 is so formed as to be larger than the reservoir
forming substrate 20 and the piezoelectric elements 300
and the external wiring 40 are connected on the ex-
posed portion 10a of the channel forming substrate 10,
but the scope of the invention is not limited to it. For ex-
ample, as shown in Fig. 5, the reservoir forming sub-
strate 20 may be so formed as to be larger than the
channel forming substrate 10, the face on the joint side
of the reservoir forming substrate 20 to the channel
forming substrate 10 may be exposed to form an ex-
posed portion 20a, and the piezoelectric elements 300
and the external wiring may be connected on the ex-
posed portion 20a.
[0120] Further, in the embodiment, the communica-
tion section 13 forming a part of the reservoir 100 via
the ink supply ports 14 is placed on the end part side of
the channel forming substrate 10 opposite to the nozzle
orifices 15 of the pressure generating chambers 12, but
the scope of the invention is not limited to it. For exam-
ple, as shown in Figs. 6A and 6B, the reservoir 100 ba-
sically may be formed only of the reservoir section 21 of
the reservoir forming substrate 20, and the pressure

generating chambers 12 and the reservoir 100 may be
made to communicate with each other via a communi-
cation passage 18 relatively narrower than the flow pas-
sage of the reservoir 100 in the channel forming sub-
strate 10. In the composition, when ink is supplied to the
pressure generating chamber 12, the flow velocity of the
ink is maintained, so that mixing of bubbles can be pre-
vented and good ink jetting can be executed.
[0121] Figs. 7A and 7B are a plan view and a sectional
view of an ink jet recording head according to a second
embodiment of the invention.
[0122] The second embodiment is an example where-
in a flexible section 22 is placed in a channel forming
substrate 10 rather than in the area of a reservoir section
21 opposite to the channel forming substrate 10.
[0123] Particularly, as shown in Figs. 7A and 7B, in
the embodiment, the channel forming substrate 10 in the
area corresponding to the reservoir section 21 is formed
with a through section 18 not communicating with pres-
sure generating chambers in the width direction of the
pressure generating chambers, and at least the space
between the through section 18 and the reservoir sec-
tion 21 is closed with a flexible film 110 that can be elas-
tically deformed in the thickness direction thereof, form-
ing the flexible section 22.
[0124] On the other hand, a fixing plate 32A made of
a hard material of metal, etc., such as stainless steel
(SUS), is joined to the face on the opposite side of a
reservoir forming substrate 20 to the channel forming
substrate 10, sealing one side of a reservoir 100.
[0125] If pressure change occurs in the reservoir 100
as a piezoelectric element 300 is driven or for any other
reason, like the above-described flexible section 22, the
flexible film 110 becomes elastically deformed, thereby
absorbing the pressure change, whereby the internal
pressure of the reservoir 100 is always suppressed to a
given value or less and a good ink jet characteristic is
maintained.
[0126] In the embodiment, an elastic film 50 and a
lower electrode film 60, a piezoelectric film 70, and an
upper electrode film 80 making up the piezoelectric el-
ement 300 are placed on the channel forming substrate
10 in the area corresponding to the reservoir section 21,
and become the flexible film 110 in the area facing the
through section 18. The flexible film 110 made up of the
films is about 3 µm thick and functions sufficiently as a
compliance section.
[0127] Preferably, the flexible film 110 contains a film
having a tensile stress in all plane direction. Particularly,
preferably the stress of the whole films making up the
flexible film 110 is strong in the tensile direction and does
not buckle, so that excessive deformation of the flexible
film 110 is suppressed and destruction of the flexible film
110 can be prevented.
[0128] In the embodiment, the flexible film 110 is
made up only of the elastic film 50 and the films making
up the piezoelectric element 300 and can be formed as
the piezoelectric element 300 is formed. The through
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section 18 can also be etched together with the pressure
generating chambers 12 and be formed and thus can
be formed easily without increasing the manufacturing
steps.
[0129] In the embodiment, the flexible film 110 con-
sists of the elastic film 50, the lower electrode film 60,
the piezoelectric film 70, and the upper electrode film
80, but the scope of the invention is not limited to it. For
example, the flexible film 110 may be made up of the
elastic film 50 and at least one of the layers making up
the piezoelectric element 300; in any way, it may be a
film having flexibility and a predetermined strength.
However, when the elastic film is formed of silicon diox-
ide as in the embodiment, if the flexible film 110 is made
only of an elastic film, a low strength is provided; the
composition is not preferred. A separate film made of
any other material may be provided as the flexible film
110, needless to say.
[0130] Figs. 8A and 8B are a sectional view of the
main part of an ink jet recording head and a schematic
diagram of a flexible film according to a third embodi-
ment of the invention.
[0131] As shown in Figs. 8A and 8B, the third embod-
iment is similar to the second embodiment except that
a beam member 111 made up of projection bars extend-
ed in a plane direction is provided on the surface on the
channel forming substrate side of a flexible film 110
which becomes a flexible section 22.
[0132] The beam member 111 is provided for enhanc-
ing the strength of the flexible film 110. For example, in
the embodiment, the beam member 111 is provided like
a grid over the whole surface of the flexible film 110 as
shown in Fig. 8B. The area of the flexible film 110 may
be determined appropriately in response to the condi-
tions of the material, film thickness, etc., of the flexible
film 110 so as to provide any desired strength for the
flexible film 110. At this time, to reliably absorb pressure
change in a reservoir 100, preferably the portion of the
flexible film 110 which becomes the actual flexible part
where the beam member 111 is not formed holds an ar-
ea at least 10 times the area of a pressure generating
chamber.
[0133] The formation method of the beam member
111 is not limited; for example, to make a through section
18 in a channel forming substrate 10, a predetermined
mask pattern is used for etching, whereby a portion
where a part of the channel forming substrate 10 is left
may be used as the beam member 111.
[0134] Thus, the flexible film 110 is provided with the
beam member 111, whereby the strength of the flexible
film 110 can be increased. Therefore, the strength and
compliance of the flexible film 110 can be adjusted easily
and with high accuracy by adjusting the area of the
beam member 111.
[0135] The form of the beam member 111 is not limited
to a grid; it may be any other form, such as a slanting
grid, if the form is capable of holding predetermined
compliance. Of course, the strength and compliance of

the flexible film 110 may be adjusted by changing the
size of the through section 18.
[0136] Figs. 9A and 9B are a plan view and a sectional
view of an ink jet recording head according to a fourth
embodiment of the invention.
[0137] As shown in Figs. 9A and 9B, the fourth em-
bodiment is similar to the first embodiment except that
a reservoir section 21 forming a part of a reservoir 100
is formed with a reinforcing member 28 for holding the
rigidity of a reservoir forming substrate 20.
[0138] That is, in the fourth embodiment, the reservoir
section 21 is defined in the reservoir forming substrate
20 and at least one reinforcing member 28 (for example,
two beam-like reinforcing members 28 in the embodi-
ment) is placed between side walls facing each other.
The reinforcing member 28 is formed along the longitu-
dinal direction of a piezoelectric element 300 on the sur-
face side opposite to the joint face of the reservoir sec-
tion 21 to a channel forming substrate 10: The reinforc-
ing member 28 is formed by half-etching the reservoir
forming substrate 20 from the joint face side to the chan-
nel forming substrate 10, and is thinner than other por-
tions. Preferably, the reinforcing member 28 is made an
area as wide as possible in the area range to such an
extent that a flexible section 22 is capable of uniformly
holding the internal pressure of the reservoir 100.
[0139] Thus, in the embodiment, the beam-like rein-
forcing members 28 are placed between the side walls
defining the reservoir 100 and the rigidity of the reservoir
section 21 is enhanced. Thus, if the volume of the res-
ervoir section 21 is made relatively large, deformation
such as a warp of the reservoir forming substrate
caused by a thermal stress at the installation time can
be prevented and a crack of the reservoir forming sub-
strate caused by the deformation can be prevented.
Therefore, the durability and reliability of the head can
be enhanced.
[0140] In the embodiment, the reinforcing members
28 are formed on the surface side opposite to the joint
face of the reservoir forming substrate 20 to the channel
forming substrate 10, but the scope of the invention is
not limited to it. For example, as shown in Fig. 10, the
reinforcing members 28 may be formed on the joint face
side of the reservoir forming substrate 20 to the channel
forming substrate 10.
[0141] In the embodiment, the whole reinforcing
member 28 is made thinner than other portions, but the
scope of the invention is not limited to it. For example,
as shown in Fig. 11, the reinforcing member 28 basically
may be formed with the same thickness as the reservoir
forming substrate 20 and a part of the joint face side to
the channel forming substrate 10 may be made a re-
moval part 28a provided by removing a part in the thick-
ness direction. By adopting such a structure, the
strength of the reservoir forming substrate 20 can be fur-
thermore enhanced and deformation caused by heat at
the installation time can be prevented reliably without
degrading the function of the reservoir 100.
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[0142] Further, in the embodiment, the two reinforcing
members 28 are provided, but the scope of the invention
is not limited to it. For example, one or three or more
reinforcing members 28 may be provided. In any way,
the form of the reinforcing member 28 may be a form
capable of holding the compliance of the flexible section
22 to such an extent that internal pressure change of
the reservoir 100 can be absorbed.
[0143] Fig. 12 is a sectional view of the main part of
an ink jet recording head according to a fifth embodi-
ment of the invention.
[0144] The fifth embodiment is an example wherein a
compliance substrate 30A made of one member is
placed on a channel forming substrate 10. That is, as
shown in Fig. 12, the fifth embodiment is similar to the
first embodiment except that a through hole which be-
comes an ink introduction port 25 is made on the outside
of a flexible section 22A having flexibility provided by
removing a part of the area facing a reservoir 100 in the
thickness direction of the area. Preferably, the material
of the compliance substrate 30A is a resin material hav-
ing flexibility, such as fluororesin, silicone family resin,
or silicone rubber, so that the compliance substrate 30A
can be formed easily.
[0145] The manufacturing method of the compliance
substrate 30A is not limited; for example, the compli-
ance substrate 30A can be formed by forming a resin
layer of a predetermined thickness on a silicon monoc-
rystalline substrate forming a reservoir forming sub-
strate 20, then forming the reservoir 100, etc., on the
reservoir forming substrate 20 by etching, etc., and fur-
ther etching a part, etc., in the thickness direction of the
area of the resin layer opposed to the reservoir 100.
[0146] In the embodiment, the compliance substrate
30A is formed of a resin material, but the scope of the
invention is not limited to it. For example, as shown in
Fig. 13, a compliance substrate 30B may be made of a
thin film of metal, ceramic, or the like about 1-10 µm
thick. In this case, the area opposed to the reservoir 100
can be made a flexible section 22B having flexibility
without removing a part in the thickness direction.
Therefore, the head can be manufactured more easily.
[0147] Figs. 14A and 14B are a plan view and a sec-
tional view of an ink jet recording head according to a
sixth embodiment of the invention.
[0148] As shown in Figs. 14A and 14B, the sixth em-
bodiment is similar to the first embodiment except that
a detection through hole 24a for detecting displacement
of each piezoelectric element 300 is made so as to
across the pressure generating chambers 12 in such
portion corresponding to the piezoelectric elements 300
in such area of a reservoir forming substrate 20 opposed
to a piezoelectric element holding section 24.
[0149] In the composition, displacement of each pie-
zoelectric element 300 can be checked, for example, us-
ing laser beam, etc., before a compliance substrate 30
is joined onto the reservoir forming substrate 20. There-
fore, a failure of the piezoelectric element 300 can be

found before the head is completed; the head manufac-
turing efficiency can be enhanced. Since the detection
through hole 24a is sealed with the compliance sub-
strate 30, the piezoelectric element holding section 24
can be held in a hermetic seal state as in the first em-
bodiment.
[0150] The detection through hole 24a is not limited
in size and may be formed at least in the area facing the
piezoelectric elements 300. Therefore, in the embodi-
ment, it is made like a groove in the row direction of the
pressure generating chambers 12. However, for exam-
ple, the detection through hole 24a may be made a
round hole for each piezoelectric element 300 or the
whole piezoelectric element holding section may be
made the through hole.
[0151] In the embodiment, the detection through hole
24a is sealed with the compliance substrate 30, but the
scope of the invention is not limited to it. For example,
as shown in Fig. 15, the detection through hole 24a may
be sealed only with a sealing film 31 having flexibility,
namely, a fixing plate 32 in the area facing the detection
through hole 24a may be removed to form a flexible sec-
tion 22C. Thus, if pressure change occurs in the piezo-
electric element holding section 24, the flexible section
22C becomes deformed, thereby absorbing the pres-
sure change; the inside of the piezoelectric element
holding section 24 can always be held at a constant
pressure.
[0152] The sealing film 31 which becomes the flexible
section 22C of the piezoelectric element holding section
24 may be formed of a light transparent member, such
as acrylic resin, so that displacement of each piezoelec-
tric element 300 can be detected with the piezoelectric
element 300 hermetically sealed in the piezoelectric el-
ement holding section 24. That is, the piezoelectric ele-
ments 300 can be inspected at all times.
[0153] Figs. 16A and 16B are a plan view and a sec-
tional view of an ink jet recording head according to a
seventh embodiment of the invention.
[0154] The seventh embodiment is another example
of the wiring method of a piezoelectric element 300. As
shown in Fig. 16, a compliance substrate 30 is not
placed in a part on the opposite side of a reservoir form-
ing substrate 20 to a reservoir 100 to form an exposed
portion 20b where the surface of the reservoir forming
substrate 20 is exposed. Wiring 29 is extended onto the
exposed portion 20b of the reservoir forming substrate
20 by wire bonding from an upper electrode film 80 of
the piezoelectric element 300 extended to the outside
of the reservoir forming substrate 20, and the end part
of the extended wiring 29 is made an installation section
120 for connecting the piezoelectric element 300 and
external wiring 40. Further, the outside is molded by an
insulating member 95 of epoxy, etc., for example, for
providing electric insulation. The seventh embodiment
is similar to the first embodiment in other points.
[0155] To connect the piezoelectric element 300 and
the external wiring 40 on an exposed portion where the
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surface of a channel forming substrate 10 is exposed as
formerly, the exposed portion requires a width of about
2.2-3.0 mm and the dimensions of the head become a
little large. In contrast, in the embodiment, the wiring 29
is extended onto the exposed portion 20b of the reser-
voir forming substrate 20 by wire bonding from an ex-
posed portion 10a of a channel forming substrate 10 and
is connected to the external wiring 40. Thus, the ex-
posed portion 10a of the channel forming substrate 10
can be made about 0.2 mm wide and the dimensions of
the recording head can be made smaller. Of course, ac-
cording to the composition, advantages similar to those
of the first embodiment can also be provided.
[0156] Figs. 17A and 17B are a plan view and a sec-
tional view of an ink jet recording head according to an
eighth embodiment of the invention.
[0157] The eighth embodiment is an example wherein
a reservoir forming substrate 20 is formed with a through
groove via which a piezoelectric element 300 and exter-
nal wiring are connected. Particularly, as shown in Figs.
17A and 17B, in the embodiment, a piezoelectric film 70
and an upper electrode film 80 of the piezoelectric ele-
ment 300 are extended to the top of the peripheral wall
of a pressure generating chamber 12 in the longitudinal
direction thereof on the side of a nozzle orifice 15 and
are sandwiched between a channel forming substrate
10 and the reservoir forming substrate 20. A part of the
joint face of the reservoir forming substrate 20 to a com-
pliance substrate 30 is made an exposed portion 20b
provided by exposing the surface as in the seventh em-
bodiment, and a through groove 35 extended in the di-
rection in which the pressure generating chambers 12
are placed side by side is formed in the area correspond-
ing to the exposed portion 20b and facing the upper
electrode film 80 of the piezoelectric element 300. Wir-
ing 29 is extended by wire bonding onto the surface of
the reservoir forming substrate 20 through the through
groove 35 from the upper electrode film 80 of each pie-
zoelectric element 300, and the end part of the wiring
29 is made an installation section 120 for connecting the
piezoelectric element 300 and external wiring 40 such
as a flexible cable.
[0158] In the composition, the wiring 29 is extended
via the through groove 35, thus eliminating the need for
providing the exposed portion 10a at the end of the
channel forming substrate 10 or the exposed portion
20a at the end portion of the reservoir forming substrate
20; the head can be more miniaturized.
[0159] In the embodiment, the through groove 35 is
formed like a groove over the row of the piezoelectric
elements 300, but the scope of the invention is not lim-
ited to it. For example, a through hole may be made sep-
arately for each piezoelectric element 300.
[0160] In the embodiment, the wiring 29 is extended
by wire bonding from the upper electrode film 80, but
the scope of the invention is not limited to it. For exam-
ple, as shown in Figs. 18A and 18B, a conductive thin
film of gold (Au), etc., may be formed on the inner pe-

ripheral surface of the through groove 35 and on the top
of the compliance substrate 30 and may be patterned
for each piezoelectric element 300, thereby providing
wiring 29A.
[0161] Further, for example, as shown in Figs. 19A
and 19B, wiring 29B may be extended via a joint face
20c and an outer face 20d of the reservoir forming sub-
strate 20 to the exposed portion 20b of the piezoelectric
element 300 and the end part of the wiring 29B may be
made the installation section 120 for connecting to the
external wiring 40. To provide the wiring 29B, preferably
a lead electrode 90 is extended from the upper electrode
film 80 to the joint face 20c of the reservoir forming sub-
strate 20 and the upper electrode film 80 and the wiring
29B are joined via the lead electrode 90, as shown in
the figures, whereby a gap with an elastic film 50 when
the reservoir forming substrate 20 is bonded becomes
only several µm and the piezoelectric elements 300 can
be hermetically sealed in a piezoelectric element hold-
ing section 24 more reliably, as described above.
[0162] Figs. 20A and 20B are a plan view and a sec-
tional view of the main part of an ink jet recording head
according to a ninth embodiment of the invention.
[0163] In the ninth embodiment, as shown in Figs.
20A and 20B, a channel forming substrate 10 is formed
with two rows of pressure generating chambers 12
placed side by side in the width direction thereof so that
the end parts of the pressure generating chambers 12
on the side of nozzle orifices 15 in one row are opposed
to those in the other, and a piezoelectric element 300 is
formed in the area corresponding to each pressure gen-
erating chamber 12. A reservoir 100 is provided for each
row of the pressure generating chambers 12 on the out-
side in the longitudinal direction of the pressure gener-
ating chambers 12 and an ink introduction port 25 and
an ink introduction passage 26 are made to communi-
cate with each reservoir 100. The structures of the res-
ervoir, the ink introduction port, etc. are similar to those
in the above-described embodiments.
[0164] Each piezoelectric element 300 is extended
from the area facing the corresponding pressure gener-
ating chamber 12 to the top of the peripheral wall on the
side of the reservoir 100 and is sandwiched between the
channel forming substrate 10 and a reservoir forming
substrate 20. As in the eighth embodiment, a through
groove 35 is provided for each row of the pressure gen-
erating chambers 12 on the side of a reservoir section
21 of the reservoir forming substrate 20, namely, in the
area facing an upper electrode film 80 of the piezoelec-
tric element 300 in the area facing the peripheral wall of
the pressure generating chamber 12. For example, a
drive circuit 130 for driving the piezoelectric elements
300 is mounted on the reservoir forming substrate 20 in
the area corresponding to the space between the rows
of the pressure generating chambers 12. The drive cir-
cuit 130 may be a circuit board or a semiconductor in-
tegrated circuit (IC) containing the drive circuit. The up-
per electrode film 80 of each piezoelectric element 300
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and the drive circuit 130 are connected by wiring 29 ex-
tended by wire bonding, etc., through the through
groove 35. Further, wiring 29D for supplying a signal to
the drive circuit 130 is placed on the reservoir forming
substrate 20 and is connected at one end to the drive
circuit 130 and an opposite end of the wiring 29D forms
an installation section 120 to which external wiring 40 is
connected.
[0165] According to the composition, the head can al-
so be miniaturized as in the eighth embodiment. Further,
in the embodiment, the through groove 35 is made on
the side of the reservoir 100, so that piezoelectric ele-
ments 300, the drive circuit 130, and the like can be con-
nected more efficiently between the rows of the pres-
sure generating chambers 12.
[0166] In the embodiment, the drive circuit 130 is
placed on the reservoir forming substrate 20, but the
scope of the invention is not limited to it. For example,
the wiring extended from the piezoelectric element 300
and the external wiring such as a flexible cable may be
connected on an exposed portion 10a of the reservoir
forming substrate 20 as in the first embodiment, need-
less to say.
[0167] In the embodiment, the upper electrode films
80 of the piezoelectric elements 300 and the drive circuit
130 are connected by the wiring 29 extended only by
wire bonding, but the scope of the invention is not limited
to it. For example, as shown in Fig. 21, an IC wiring sec-
tion 140 made of a thin film may be placed in the area
between the drive circuit 130 on the reservoir forming
substrate 20 and the through groove 35 and each pie-
zoelectric element 300 and the drive circuit 130 may be
connected via the IC wiring section 140. That is, wiring
29E may be extended by wire bonding from the upper
electrode film 80 of each piezoelectric element 300 to
one end part of the IC wiring section 140 and the drive
circuit 130 may be connected by wire bonding to an op-
posite end part of the IC wiring section 140. The wiring
29E is extended by wire bonding from the upper elec-
trode film 80 to the IC wiring section 140, but the scope
of the invention is not limited to it. For example, as
shown in Fig. 22, a conductive thin film of gold (Au), etc.,
may be formed on the inner peripheral surface of the
through groove 35 and on the top of the reservoir form-
ing substrate 20 and may be patterned for each piezo-
electric element 300, thereby providing the wiring 29E.
[0168] Figs. 23A and 23B are a plan view and a sec-
tional view of the main part of an ink jet recording head
according to a tenth embodiment of the invention.
[0169] As shown in Figs. 23A and 23B, the tenth em-
bodiment is an example wherein an installation section
120 is placed in an exposed portion 10b on one end part
side of a channel forming substrate 10 in the direction
in which piezoelectric elements 300 are placed side by
side.
[0170] That is, in the embodiment, each piezoelectric
element 300 is placed in the area facing each pressure
generating chamber 12 and a lead electrode 90 is ex-

tended from an upper electrode film 80 to the area facing
a joint face 20c of a reservoir forming substrate 20. Wir-
ing 29F is placed on the joint face 20c of the reservoir
forming substrate 20 and an inner face 20e of a piezo-
electric element holding section 24, and the lead elec-
trode 90 and the installation section 120 are connected.
The tenth embodiment is similar to the first embodiment
in other points.
[0171] The route of the wiring 29F is not limited; when
the reservoir forming substrate 20 is bonded with an ad-
hesive, etc., the wiring 29F, the end part of each lead
electrode 90, and one end of the installation section 120
may be connected.
[0172] In the composition, external wiring 40 can be
drawn out from one end part in the width direction of the
pressure generating chamber 12, so that it is made pos-
sible to arrange a plurality of recording heads horizon-
tally. Of course, similar advantages to those of the
above-described embodiments can be provided.
[0173] The embodiments of the invention have been
described, but the basic composition of the ink jet re-
cording head is not limited to the compositions de-
scribed above.
[0174] For example, in the above-described embodi-
ments, the reservoir forming substrate 20 having the
reservoir section 21 forming a part of the reservoir 100
as the reservoir forming member is joined to one side of
the channel forming substrate 10, but the scope of the
invention is not limited to it. For example, the reservoir
forming member may adopt a structure wherein a plu-
rality of substrates are used to form the reservoir.
[0175] Likewise, the nozzle plate 16 is joined as the
reservoir forming member, but the scope of the invention
is not limited to it. For example, a multi-layer structure
containing another substrate having nozzle communi-
cation holes, etc., to allow nozzle orifices and pressure
generating chambers to communicate with each other
may be adopted.
[0176] In the above-described embodiments, ink jet
recording heads of thin film type that can be manufac-
tured by applying the film formation and lithography
process are taken as examples, but the scope of the
invention is not limited to them. For example, the inven-
tion can also be adopted for ink jet recording heads of
thick film type formed by a method of putting a green
sheet or the like.
[0177] Each of the ink jet recording heads of the em-
bodiments forms a part of a recording head unit com-
prising an ink flow passage communicating with an ink
cartridge, etc., and is installed in an ink jet recording ap-
paratus. Fig. 24 is a schematic diagram to show an ex-
ample of the ink jet recording apparatus.
[0178] As shown in Fig. 24, cartridges 2A and 2B con-
stituting an ink supply member are detachably placed in
recording head units 1A and 1B each having an ink jet
recording head, and a carriage 3 on which the recording
head units 1A and 1B are mounted is placed axially mov-
ably on a carriage shaft 5 attached to a recorder main
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body 4. The recording head units 1 A and 1 B jet a black
ink composite and a color ink composite respectively,
for example.
[0179] The driving force of a drive motor 6 is transmit-
ted to the carriage 3 via a plurality of gears (not shown)
and a timing belt (not shown), whereby the carriage 3
on which the recording head units 1A and 1B are mount-
ed is moved along the carriage shaft 5. On the other
hand, the recorder main body 4 is provided with a platen
8 along the carriage shaft 5. A recording sheet S of a
recording medium such as paper fed by a paper feed
roller, etc., (not shown) is wrapped around the platen 8
and is transported.
[0180] As described above, according to the inven-
tion, the reservoir forming substrate forming at least a
part of the reservoir is joined onto the channel forming
substrate for forming the reservoir, thus the structure of
the head can be simplified; the manufacturing process
can be decreased and the manufacturing costs can be
reduced. Since the reservoir forming substrate also
serves as the capping member for insulating the piezo-
electric elements from the outside, the piezoelectric el-
ements can be prevented from being destroyed due to
the external environment, and the durability can be im-
proved. Further, the piezoelectric elements and the ex-
ternal wiring are connected on the reservoir forming
substrate, whereby the head can be miniaturized.

Claims

1. An ink jet recording head comprising:

a nozzle forming member provided with a plu-
rality of nozzle orifices for jetting ink;
a channel forming substrate provided with a
plurality of pressure generating chambers com-
municated with the associated nozzle orifices,
one face of which is bonded to the nozzle form-
ing member;
a plurality of piezoelectric elements provided on
an face of the channel forming substrate which
is opposed to the face bonded to the nozzle
forming member with a vibration plate in be-
tween for changing the associated pressure
generating chambers in volume thereof; and
a sealing member bonded to the face of the
channel forming substrate on which the piezo-
electric elements are provided, the sealing
member having walls for defining a space in an
area facing the piezoelectric elements such an
extent that motion of the respective piezoelec-
tric elements is exhibited while sealing the
space hermetically,

wherein one of the walls of the sealing mem-
ber is disposed on each of the piezoelectric ele-
ments.

2. The ink jet recording head as set forth in claim 1,
wherein:

each of the piezoelectric elements includes an
active part deformed to change the volume of
an associated pressure generating chamber
and an inactive part not to be deformed; and
one of the walls of the sealing member is dis-
posed on the inactive part of each piezoelectric
element.

3. The ink jet recording head as set forth in claim 2,
wherein one end of the inactive part of each piezo-
electric element is extended to the outside of the
sealing member.

4. The ink jet recording head as set forth in claim 3,
wherein a lead electrode is electrically connected
to the inactive part of each piezoelectric element
which is situated outside the sealing member.

5. The ink jet recording head as set forth in claim 1,
wherein the sealing member is formed with a res-
ervoir section forming at least a part of a reservoir
which stores ink supplied to the pressure generat-
ing chambers.

6. The ink jet recording head as set forth in claim 1,
wherein the sealing member is comprised of a sili-
con monocrystalline substrate.

7. The ink jet recording head as set forth in claim 1,
wherein:

the pressure generating chambers are formed
in a silicon monocrystalline substrate by aniso-
tropic etching; and
the piezoelectric elements are formed by thin
film deposition and lithography method.

8. An ink jet recording apparatus comprising an ink jet
recording head as set forth in any of claims 1 to 7.
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