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7) ABSTRACT

An ink jet recording head and a manufacturing method
thereof enables no ink electrolysis to be generated, such
occurrence of the ink electrolysis is caused by construction
or mechanism of respective ink jet recording head using
piezoelectric body. Ink channel and dummy channel are
formed alternately at the both sides of a side wall of
piezoelectric body respectively. There is discharged ink drop
while changing volume within the ink channel by applying
electric field using electrode formed within respective chan-
nels. An electrode formed on respective ink channels is
taken as common electrode, while electrodes formed on
respective dummy channel are taken as individual elec-
trodes, thus causing no ink to be contacted with a passivation
film formed on the individual electrodes.
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INK JET RECORDING HEAD AND
MANUFACTURING METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ink jet recording
head and a manufacturing method thereof. More to particu-
larly, this invention relates to an ink jet recording head and
a manufacturing method thereof, in which it is capable of
being arranged multi-nozzle and high density nozzle, being
in use for a printer, facsimile, or copying machine.

[0002] Description of the Prior Art

[0003] Formerly, this kind of the ink jet recording device
is capable of being divided into largely two classes in terms
of point of ink discharge drive source.

[0004] One is a method so called as thermal ink jet or
bubble jet, for instance, being disclosed in the Japanese
Patent Publication No. SHO 61-59913. This method is a
method in which pressure chambers are formed in answer to
respective thermal elements on a thermal head to which a
plurality of thermal elements are arranged, and a nozzle and
an ink supply path open to the pressure chamber, at the time
of printing, causing the thermal element to be energized to
heat an ink to be generated bubble, so that it causes the ink
to be discharged from the nozzle by virtue of the pressure of
the bubble.

[0005] With respect to this type, a thermal head which is
a discharge source is capable of being manufactured by
photo-lithography technology so that there can be formed
printing head with high density and multi-nozzle, thus
enabling small-sized and high-speed ink jet recording device
to be obtained. However, it is necessary to heat ink more
than 300° C. in order to generate bubble. For that reason,
when discharge is implemented for a long time, ingredients
within ink are accumulated on the thermal element to cause
inferior discharge, further, there occurs damage caused by
thermal stress or cavitation, and passivation trouble caused
by pinhole of a protective layer of the thermal element, thus
it is difficult to obtain long life printing head.

[0006] The other one is a method so called as a piezo-
electric method, for instance, being disclosed in the Japanese
Patent Publication No. SHO 53-12138. The piezoelectric
method consists of a pressure chamber together opening into
both of a nozzle and an ink supply path, and a piezoelectric
element generating volume change to the pressure chamber.
At the time of printing, there is applied voltage to the
piezoelectric element in order to generate the volume change
to the pressure chamber to be discharged ink from the
nozzle.

[0007] With respect to the piezoelectric method, since the
ink is not heated, the degree of freedom of ink selection is
high, and to be long life, however, it is difficult to arrange
many piezoelectric elements in high density, it is difficult to
obtain small-sized and high speed ink jet recording device.

[0008] For that reason, in order to achieve such problems
there is disclosed the matter shown in FIG. 1 in terms of the
Japanese Patent Application Laid-Open No. HEI 6-143564.
There is alternately formed ink channels 41bc, 41de, . . .,
and dummy channels 42ab, 42¢d, . . . , whose upper side
covered with a top plate 44, and whose sides thereof
surrounded by partition walls 43b, 43¢, 43d, 43¢, .. . ,on a
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substrate 40 made of the piezoelectric element formed into
one piece of plate made of piezoelectric material. The ink is
filled into only 41bc, 41de, . . . .

[0009] Furthermore, the partitions 43b, 43c, 43d, 43e, . . .
polarize the partitions 43b, 43¢, 43d, 43¢, . . . as an arrow
(polarization direction 47) using electrodes 48bc, 48cd,
48de, . . . formed in the channel. In this case, with respect
to the direction of the polarization, which is directed to
opposite direction with each other at the adjacent partitions
therebetween. When there is fixed the dummy channel out of
the dummy channels 42ab, 42cd, . . . into common ground
electric potential, and there is applied drive electric pulse to
the ink channel, the partition elongates in the direction of the
electric field so that it causes volume within the ink channel
to be changed to enable ink discharge to be implemented.

[0010] In the above-described conventional ink jet record-
ing head, when there is a defect in the protective layer
protecting electrode or there is an electrical withstand volt-
age failure with no defect, there is a problem that an electric
field generated between individual electrode-common elec-
trode interacts the ink. The ink used generally, has certain
electric conductivity, when the electric field interacts with
the ink, there occurs electrolysis so that hydrogen is gener-
ated from cathode and oxygen is generated from anode.
Generation situation of the hydrogen and the oxygen
depends on ink electric conductivity, protective layer elec-
trical characteristic, and oxidation and reduction electric
potential of electrode material, in all cases, gasses occur-
rence become bubble within the ink channel to cause ink
discharge failure. The gasses occurrence produces electroly-
sis so that physical property value of the ink changes greatly.
This matter influences ink discharge characteristic with large
effect.

[0011] Moreover, when electrolysis reaction progress in
greatly, viscosity of the ink increases greatly, there may
occur blocking fluidity of the ink within the ink channel.

SUMMARY OF THE INVENTION

[0012] In view of the foregoing, it is an object of the
present invention, in order to achieve the above mentioned
problems, there is provided an ink jet recording head and a
manufacturing method thereof in which there is prevented
occurrence of ink electrolysis caused by individual configu-
ration of ink jet recording head using piezoelectric body and
mechanism.

[0013] According to a first aspect of the present invention,
in order to achieve the above-mentioned object, there is
provided an ink jet recording head in which an ink channel
and a dummy channel are formed alternately in such a way
that a side wall of a piezoelectric body intervenes between
the ink channel and the dummy channel, thus there is
discharged an ink drop while changing volume within the
ink channel by applying an electric field to a channel using
an electrode formed within respective channels, wherein an
electrode formed on respective the ink channels is taken as
a common electrode, while an electrode formed on respec-
tive the dummy channels is taken as an individual electrode,
causing no ink to be contacted with a passivation film
formed on the individual electrode.

[0014] According to a second aspect of the present inven-
tion there is provided an ink jet recording head which



US 2001/0030673 Al

comprises a plate consisting of a piezoelectric body, a
groove formed on the plate, a channel in which there exists
an electrode on the inside of the groove, and whose both
sides are partitioned by a side wall of the piezoelectric body,
and whose upper side is covered by a top plate, a nozzle
opening into the channel; and a control system including a
voltage apply means for applying an electric field to the
electrode, in which the side wall intervenes adjacent ink
channels therebetween so as to be held in common by the
adjacent ink channels, there is taken alternate channel filled
with an ink as an ink channel and another channel as dummy
channel, thus causing ink drop to be discharged from the
nozzle while deforming the wall of both sides constituting
the ink channel, wherein there is taken an electrode formed
on the ink channel as a common electrode, while it causes
no ink to be contacted with a passivation film on an
individual electrode formed on the dummy channel.

[0015] According to a third aspect of the present inven-
tion, there is provided a manufacturing method of the ink jet
recording head which comprises the steps of forming a
groove for functioning as an ink channel and a dummy
channel on a piezoelectric body, forming an electrode layer
on the inside of the groove, forming a passivation film on
said electrode layer, uniting a nozzle plate and a top plate
after forming the passivation film, and forming a slit at the
top plate, wherein when there is formed the slit at the top
plate, there is formed individual electrode by separating the
electrode layer while implementing groove formation to the
bottom surface of the dummy channel.

[0016] The above and further objects and novel features of
the invention will be more fully understood from the fol-
lowing detailed description when the same is read in con-
nection with the accompanying drawings. It should be
expressly understood, however, that the drawings are for
purpose of illustration only and are not intended as a
definition of the limits of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is an explanation view showing a conven-
tional example;

[0018] FIG. 2 is a perspective view , partly in section
showing ink jet recording head according to an embodiment
of the present invention;

[0019] FIG. 3 is a sectional view along line A-A' of FIG.
2;
[0020] FIG. 4 is a sectional view along line B-B' of FIG.
2;

[0021] FIG. 5 is a sectional view explaining operation of
the ink jet recording head according to the embodiment of
the present invention;

[0022] FIG. 6 is a sectional view explaining operation of
the ink jet recording head according to the embodiment of
the present invention, same as FIG. 5;

[0023] FIG. 7 is a sectional view explaining operation of
the ink jet recording head according to the embodiment of
the present invention, same as FIG. 5;

[0024] FIG. 8 is a perspective view showing manufactur-
ing method of the ink jet recording head in process order
according to the embodiment of the present invention;
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[0025] FIG. 9 is a perspective view showing manufactur-
ing method of the ink jet recording head in process order
according to the embodiment of the present invention;

[0026] FIG. 10 is a perspective view showing manufac-
turing method of the ink jet recording head in process order
according to the embodiment of the present invention;

[0027] FIG. 11 is a perspective view showing manufac-
turing method of the ink jet recording head in process order
according to the embodiment of the present invention;

[0028] FIG. 12 is a perspective view showing manufac-
turing method of the ink jet recording head in process order
according to the embodiment of the present invention;

[0029] FIG. 13 is a perspective view showing manufac-
turing method of the ink jet recording head in process order
according to the embodiment of the present invention;

[0030] FIG. 14 is a perspective view showing manufac-
turing method of the ink jet recording head in process order
according to the embodiment of the present invention;

[0031] FIG. 15 is a perspective view showing manufac-
turing method of the ink jet recording head in process order
according to the embodiment of the present invention; and

[0032] FIG. 16 is a sectional view showing t he ink jet
recording head according to the embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0033] A preferred embodiment of the present invention
will be described in detail in accordance with the accom-
panying drawings.

[0034] FIG. 2 is a perspective view , partly in section
showing ink jet recording head according to an embodiment
of the present invention. FIG. 3 is a sectional view along
line A-A' of FIG. 2.

[0035] In these drawings, ink channels 1lab, 1lcd,
lef, . . ., and dummy channels 2bc, 2de, . . . are surrounded
by side walls 3a, 3b, 3¢, 3d, 3¢, . . . consisting of a
piezoelectric body 11 in terms of both sides and lower side,
and surrounded by a top plate 8 and a nozzle plate in terms
of respective upper side and front side. There is provided an
ink pool 12 opening into the ink channels lab, 1lcd, . . .
through an ink supply opening 9 at the rear side of the ink
channels 1ab, 1cd, . . . . There are provided nozzles 6ab, 6cd,
6ef, 6gh, 6ij, . . . , (not illustrated 6ab, 6¢cd, and 6ef) opening
into respective ink channels lab, 1cd, . . ., at the nozzle plate
7. There are provided a common electrode 5 within the ink
channels lab, lcd, . . . , and individual electrodes 4ab,
4cd, . . ., within dummy channels 4ab, 4cd, . . . at the
respective sides and lower side of side walls 3a, 3b, 3¢, 34,
3¢, . . ., consisting of the piezoelectric body 11.

[0036] Here, the individual electrode of 4cd, by way of
example, is provided so as to connect the side of the side
wall 3c of the dummy channel 2bcwith the side of the side
wall 3d of the dummy channel 2de. There are provided
interlayer isolation film 13 at the region where the individual
electrodes 4ab, 4cd, . . . and the common electrode 5 cross,
and a passivation film 14 at the portion where is exposed in
the channel of the common electrode 5, respectively.



US 2001/0030673 Al

[0037] The ink (not illustrated) is filled with the ink
channels 1ab, 1cd, . . ., the nozzles 6ab, 6cd, . . . , and the
ink pool 12. The side walls 3a, 3b, 3¢, 34, 3¢, . . ., consisting
of the piezoelectric body 11 are given polarization process-
ing in the width direction (in the arrow P direction) thereof.
Further, the top plate 8 has flexibility and there are provided
slits 10 separated on the dummy channels 2bc, 2de, . . . .

[0038] Further, the length of the ink channels 1lab,
lcd, . . ., is longer than the length of the dummy channels
2bc,2de, . . . . The reason why there is intended that it causes
the ink to be filled with only ink channel because the slits 10
are provided with the top plate 8 on the dummy channels
2bc, 2de, . . . . There is supplied the ink filled within the ink
pool to the ink channel from the ink supply opening 9.

[0039] FIG. 3 is a sectional view along line A-A' of FIG.
2. In FIG. 3, there are provided the interlayer isolation film
13 between the common electrode 5 and the individual
electrodes 4ab, 4cd, . . . , and the passivation film 14 at the
whole region without the pad section. The ink does not
contacts with these electrodes directly by virtue of the
passivation film 14.

[0040] Next, operation will be described.

[0041] FIGS. 4 to 7 are explanation views of operation
corresponding to the sectional view along line B-B' of the
ink jet recording head shown in FIG. 2. Referring to FIGS.
4 to 7, there will be described the case where it causes
certain specified ink channel led to be driven out of a
plurality of ink channels 1ab, lcd, . . . , thus discharging ink
drop from the nozzle 6cd(not illustrated) opening into the
ink channel lcd.

[0042] Here, the drive of the ink channel means that it
causes the side walls 3¢, and 3d to be driven, the side walls
3¢, and 3d comprising the piezoelectric body 11 of the both
sides which constitute the ink channel. As shown in FIG. 5,
when it causes the electric field to be generated in the arrow
E direction while applying voltage toward the side walls 3c,
and 3d of the piezoelectric body 11 surrounding the ink
channel led discharging ink drop, the side walls 3¢, and 3d
shrink in the electric field direction, while expand in the
vertical direction to the electric field direction, because the
polarization direction (the arrow P direction) is reverse
direction of the electric field direction (the arrow E direction.

[0043] As a result, the ink is supplied to the ink channel
led from the ink pool only corresponding quantity of volume
increase, because volume of the ink channel increases so that
pressure decreases.

[0044] Next, as shown in FIG. 6, when it causes the
electric field to be generated in the arrow E direction while
applying voltage toward the side walls 3¢, and 34 of the
piezoelectric body 11 surrounding the ink channel led dis-
charging ink drop, the side walls 3¢, and 3d expand in the
electric field direction, while shrink in the vertical direction
to the electric field direction, because the polarization direc-
tion (the arrow P direction) is the same direction as the
electric field direction (the arrow E direction).

[0045] As a result, the ink drop is discharged from the
nozzle 6cd, because volume of the ink channel decreases so
that pressure increases. Here, there is a matter to be taken
notice. It enables the ink drop to be discharged while
changing the state of FIG. 4 into the state of FIG. 6 directly
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by pressure increase of the ink channel. It is capable of
controlling position of meniscus by entering the state of
FIG. 5 in between.

[0046] Next, when impressed voltage to the side walls 3c,
and 3d namely the electric field is made zero “0”, as shown
in FIG. 7, the side walls 3¢, 3d return to former state, then
the ink is supplied to the ink channel led from the ink pool
by only corresponding quantity of volume increase, because
the volume of the ink channel lcd increases so that the
pressure decreases.

[0047] For that reason, the ink supply to the ink channel is
implemented with the two states of FIGS. § and 7. There is
stabilized the speed of the ink drop and frequency charac-
teristics of drop diameter so that it is capable of being
implemented suitable discharge of the ink drop.

[0048] Further, during the above operation, the ink chan-
nel is always of the grounded, and the ink does not contact
completely with the passivation film 14 on the individual
electrodes 4ab, 4cd, Consequently, the electric field does not
affect the ink at the time of drive, thus there does not occur
the electrolysis of the ink completely, which occurs gener-
ally caused by the defect of the passivation film 14, or
caused by the electronic withstand voltage failure without
defect.

[0049] Next, there will be described manufacturing
method of the ink jet recording head shown in FIG. 2
referring to the accompanying drawings. FIGS. 8 to 15 are
perspective views showing the ink jet recording head in
every manufacturing process. There is roughly classified
into 6 processes of a channel formation, an electrode for-
mation, a protective layer formation, a slit formation, and a
gluing process.

[0050] Referring to FIG. 5, in the channel formation
process, firstly, as shown in FIG. 8, there is implemented
channel formation such that there are alternately arranged
grooves functioning by way of the ink channels lab,
lcd, . . ., and grooves functioning by way of the dummy
channels 2bc, 2de, . . . , toward the piezoelectric body 11
consisting of 3-component system soft ceramics that per-
ovskite system complex oxide is added to PZT, by machin-
ing of the dicing saw shown in FIG. 9.

[0051] At this time, length of the ink channels lab,
led, . . ., are larger than the dummy channels 2bc,
2de, . . . , and end section of the ink pool side of the groove
has a curvature.

[0052] Next, the electrode formation consists of three
processes. A first process is that film of aluminum is formed
by sputtering by way of electrode layer so as to cover whole
groove, thus forming the common electrode 5 and parts of
individual electrodes 4ab, 4cd, . . . , using photolithography
technology as shown in FIG. 10.

[0053] Here, parts of individual electrodes 4ab, 4cd, . . .,
are region with the exception of parts of the common
electrode 5 crossing. By way of the electrode layer, which is
capable of being formed of aluminum alloy such as alumi-
num-copper, aluminum-silicon, aluminum-silicon-copper
by sputtering or vapor deposition.

[0054] A second process is to form the interlayer isolation
film 13 on the common electrode 5 at the region shown in
FIG. 11. At this time, the groove section undergoes masking,
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thus there is formed the isolation film only at the plane
section. The required pattern is obtained using photolithog-
raphy technology thereafter.

[0055] By way of the interlayer isolation film 13, which is
capable of being formed such that silicon dioxide, silicon
nitride, BPSG film, macromolecule material undergo CVD,
sputtering and so forth. The patterning of the interlayer
isolation film is to use dry etching.

[0056] A third process is to form remaining section of the
individual electrodes 4ab, 4cd, . . . , as shown in FIG. 12.
Here, the remaining section means that the section to which
the common electrode 5 crosses, which is not formed in
FIG. 10. At this case, the groove section undergoes the
masking, there is formed the film of electrode layer at the
plane section. The required pattern is obtained using pho-
tolithography technology thereafter.

[0057] At this time, the individual electrodes 4ab, 4cd, . .
., are connected with each other within the dummy channels
2bc, 2de, . . . , thus being formed incompletely. This
formation will be described at FIG. 13.

[0058] Next, the passivation film 14 by way of the pro-
tective layer formation to form to whole surface (including
groove) with the exception of pad section. It is desirable to
form the passivation film 14 such that silicon dioxide or
BPSB film with suitable wetting property undergoes the
CVD with suitable step coverage because the passivation
film 14 touches the ink directly.

[0059] Next, the gluing process is to glue the top plate 8
of polyimide in which the ink supply opening 9 is formed
beforehand such that the top plate 8 covers the dummy
channels 2bc, 2de, . . . , completely, and opening into the ink
channels 1ab, lcd, . . . , and the ink supply opening 9. It
permits the top plate 8 to be isolated on the dummy channels
2bc, 2de, . . ., and the slit 10 to be formed deeply more than
bottom section by means of the dicing saw. This state will be
shown in FIG. 13.

[0060] Here, the slit is to form at the bottom section of the
dummy channels 2bc, 2de, . . . , in order to isolate the
individual electrodes completely. At this time point, there is
formed the individual electrodes functioning completely.
Here, there can be used material with high rigidity such as
ceramics, glass, silicon, and so forth instead of polyimide in
which there is applied thermoplastic adhesive or thermoset-
ting adhesive on one side by way of the top plate.

[0061] As shown in FIG. 14, there is glued the nozzle
plate 7 at end surface of the ink channels 1ab, 1cd, . . . , such
that there opens the plurality of nozzles 6ab, 6cd, . . .,
formed through excimer laser processing on the nozzle plate
7 of polyimide into the ink channels lab, led, . . .,
thereafter.

[0062] There is glued the ink pool 12 of PS (polysulfone)
to the ink supply opening 9 using silicon system adhesive
sheet so as to cover the ink supplying opening 9 thereafter.
Here, there can be used thin plate such as nickel, and
stainless steel, instead of polyimide in which there is applied
thermoplastic adhesive or thermosetting adhesive on one
side by way of the nozzle plate 7.

[0063] Next, as shown in FIG. 15, there is united a print
substrate 16 to the bottom surface of the piezoelectric body
11. In the print circuit board, there are formed lead terminal
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sections 14ab, 14cd, . . . , for connecting electrically to the
pad section, thus being connected electrically to a drive
circuit (not illustrated). The pad section is connected to the
lead terminal sections 14ab, 14cd, . . . , by wire bonding 15.
There is used gold by way of material of the bonding wire
15.

[0064] Furthermore, in the above-described embodiment,
as shown in FIG. 16, it is suitable that shape of end section
of nozzle side of the ink channel has a curvature. The
curvature contributes to stabilization of discharge of the ink
drop in that air penetrating within the ink channel becomes
difficult to be trapped, thus being improved air discharge
property and flow of the ink becomes smooth.

[0065] The ink jet recording head of the present invention
causes the electrode to function as the common electrode,
formed in the ink channel, and having a constitution causes
no ink to be contacted with the passivation film on the
individual electrode formed on the dummy channel, there-
fore, at the time of the driving, the electric field does not
affect to the ink, there does not occur the electrolysis of the
ink completely, which generally occurs caused by defect of
the passivation film 14, or caused by electric withstanding
voltage failure without the defect. This is to contribute to
long life of the head, and to high print quality because there
does not occur change of physical property of the ink during
driving perfectly.

[0066] Furthermore, according to the manufacturing
method of the ink jet recording head of the present inven-
tion, it enables electrode separation within the dummy
channel to be implemented at the same time of the slit
formation, thus it is capable of being manufactured the ink
jet recording head in stable state, in low cost, and accurately.
There is the effect that since both ends of the ink channel are
formed with the curvature, the air discharging property is
excellent, thus contributing to stabilization of ink drop
discharging.

[0067] As described above, according to the ink jet record-
ing head of the present invention, there is taken the electrode
formed on the ink channel as the common electrode, and
causing no ink to be contacted with the passivation film on
the individual electrode formed at the dummy channel, for
that reason, it is capable of being prevented occurrence of
the electrolysis of the ink, thus there is the effect that it
becomes possible to implement long life print, and high
quality print.

[0068] Furthermore, according to the manufacturing
method of the ink jet recording head of the present inven-
tion, since there are implemented both of the individual
electrodes formation and the slit formation in the same
manufacturing process, there is the effect that it is capable of
manufactured in low cost, and in the stable state.

[0069] Moreover, since there is formed the channel into
the shape in which both end of the ink channel have the
curvature, there is the effect that the air discharging property
is excellent, and contributing to stabilization of the ink drop
discharging.

[0070] While preferred embodiments of the invention
have been described using specific terms, such description is
for illustrative purpose only, and it is to be understood that
changes and variations may be made without departing from
the spirit or scope of the following claims.
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What is claimed is:

1. An ink jet recording head in which an ink channel and
a dummy channel are formed alternately in such a way that
a side wall of a piezoelectric body intervenes between said
ink channel and said dummy channel, thus there is dis-
charged an ink drop while changing volume within said ink
channel by applying an electric field to a channel using an
electrode formed within respective channels, wherein an
electrode formed on respective said ink channels is taken as
a common electrode, while an electrode formed on respec-
tive said dummy channels is taken as an individual elec-
trode, causing no ink to be contacted with a passivation film
formed on said individual electrode.

2. An ink jet recording head comprising:

a plate consisting of a piezoelectric body;
a groove formed on said plate;

a channel in which there exists an electrode on the inside
of said groove, and whose both sides are partitioned by
a side wall of said piezoelectric body, and whose upper
side is covered by a top plate;

a nozzle opening into said channel; and

a control system including a voltage apply means for
applying an electric field to said electrode, in which
said side wall intervenes adjacent ink channels ther-
ebetween so as to be held in common by said adjacent
ink channels, there is taken alternate channel filled with
an ink as an ink channel and another channel as dummy
channel, thus causing ink drop to be discharged from
said nozzle while deforming said wall of both sides
constituting said ink channel, wherein there is taken an
electrode formed on said ink channel as a common
electrode, while it causes no ink to be contacted with a
passivation film on an individual electrode formed on
said dummy channel.

3. An ink jet recording head as claimed in claim 1,
wherein said dummy channel has a slit opening continuously
to an outer section, while said ink channel is only filled with
ink.

4. An ink jet recording head as claimed in claim 2,
wherein said dummy channel has a slit opening continuously
to an outer section, while said ink channel is only filled with
ink.

5. An ink jet recording head as claimed in claim 2,
wherein said slit is formed on said top plate for opening to
an outer section and said dummy channel therebetween.

6. An ink jet recording head as claimed in claim 4,
wherein said slit is formed on said top plate for opening to
an outer section and said dummy channel therebetween.

7. An ink jet recording head as claimed in claim 1,
wherein length of said ink channel is longer than length of
said dummy channel.

8. An ink jet recording head as claimed in claim 2,
wherein length of said ink channel is longer than length of
said dummy channel.

9. An ink jet recording head as claimed in claim 3,
wherein length of said ink channel is longer than length of
said dummy channel.
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10. An ink jet recording head as claimed in claim 5,
wherein length of said ink channel is longer than length of
said dummy channel.

11. An ink jet recording head as claimed in claim 1,
wherein said ink channel has a curvature becoming fine in
the nozzle direction gradually.

12. An ink jet recording head as claimed in claim 2,
wherein said ink channel has a curvature becoming fine in
the nozzle direction gradually.

13. An ink jet recording head as claimed in claim 3,
wherein said ink channel has a curvature becoming fine in
the nozzle direction gradually.

14. An ink jet recording head as claimed in claim 5,
wherein said ink channel has a curvature becoming fine in
the nozzle direction gradually.

15. An ink jet recording head as claimed in claim 7,
wherein said ink channel has a curvature becoming fine in
the nozzle direction gradually.

16. An ink jet recording head as claimed in claim 1,
wherein said ink channel has a curvature becoming fine in
the nozzle direction and opposite direction.

17. An ink jet recording head as claimed in claim 2,
wherein said ink channel has a curvature becoming fine in
the nozzle direction and opposite direction.

18. An ink jet recording head as claimed in claim 3,
wherein said ink channel has a curvature becoming fine in
the nozzle direction and opposite direction.

19. An ink jet recording head as claimed in claim 5,
wherein said ink channel has a curvature becoming fine in
the nozzle direction and opposite direction.

20. An ink jet recording head as claimed in claim 7,
wherein said ink channel has a curvature becoming fine in
the nozzle direction and opposite direction.

21. An ink jet recording head as claimed in claim 11,
wherein said ink channel has a curvature becoming fine in
the nozzle direction and opposite direction.

22. A manufacturing method of an ink jet recording head
comprising the steps of:

forming a groove for functioning as an ink channel and a
dummy channel on a piezoelectric body;

forming an electrode layer on the inside of said groove;
forming a passivation film on said electrode layer;

uniting a nozzle plate and a top plate after forming said
passivation film; and

forming a slit at said top plate, wherein when there is
formed said slit at said top plate, there is formed
individual electrode by separating said electrode layer
while implementing groove formation to the bottom
surface of said dummy channel.
23. A manufacturing method of an ink jet recording head
as claimed in claim 22, wherein there is used dicing saw for
forming of said slit.



