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Description

[0001] The present invention relates to an ink jet re-
cording head and, more particularly, to a method for
manufacturing an ink jet recording head of a printer in-
cluding a laminated piezoelectric element.

[0002] As well known, an ink jet recording head of a
printer including laminated piezoelectric elements utiliz-
es a piezoelectric effect for jetting ink droplets through
a plurality of ink jet nozzles from pressure chambers
each forming an ink cavity.

[0003] Fig. 1 is a flowchart showing a conventional
method for manufacturing a conventional ink jet record-
ing head, while Fig. 2 is a partial cross-sectional view of
the conventional ink jet recording head at consecutive
steps effected by the process of Fig. 1. A number of cav-
ity pattern members 5 made of a photosensitive resin
as shown in Fig. 2A and each having a shape of a rec-
tangular prism are prepared in step S10. In step S11,
the cavity pattern members 5 are arranged and bonded,
in a row extending horizontally as viewed in the drawing,
to a surface of an elongate sheet of a piezoelectric ma-
terial (first piezoelectric sheet) by thermocompression,
following which a resin of the piezoelectric material is
applied to the surfaces of the cavity pattern members 5
and the piezoelectric sheet to thereby form a body in
which a row of the cavity pattern members 5 are en-
closed by the piezoelectric material 6a, as shown in Fig.
2B.

[0004] In step S12, a plurality of second piezoelectric
sheets 6b each having a row of electrode films 7 printed
thereon and having a shape similar to that of the first
piezoelectric sheet are layered on both surfaces of the
body, as shown in Fig. 2C, and bonded thereto by com-
pression to form a sub-assembly. In S13, a heat treat-
ment is conducted to the sub-assembly for removing a
binder and the cavity pattern members 5, the binder be-
ing contained in the piezoelectric sheets for bonding the
piezoelectric sheets to corresponding one of the elec-
trode films. The cavity pattern members 5 are then re-
moved to form ink cavities 8 inside the sub-assembly.
Subsequently, the sub-assembly is sintered to obtain
the product as shown in Fig. 2D in step S14. A plurality
of the resultant products are further layered one on an-
other to form an assembly of an ink jet recording head.
[0005] With the conventional method for manufactur-
ing an ink jet recording head of the type as described
above, however, the number of steps in the process is
large so that it is difficult to reduce the costs of the man-
ufacture. Moreover, after the piezoelectric sheets and
the cavity pattern members made of the photosensitive
resin are bonded together by compression, a gap is of-
ten formed between the piezoelectric material and the
cavity pattern members, as a result of which a problem
arises that each of the resultant ink cavities does not
have a dimensional accuracy.

[0006] US-A-4766 671 and DE-A-3 733 109 disclose
methods for manufacturing ceramic electronic devices
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for an ink-jet head.

[0007] In view of the foregoing, an object of the
present invention is to provide a method for manufac-
turing an ink jet recording head which is easy to manu-
facture, which has a higher dimensional accuracy, and
which can reduce costs.

[0008] This object is achieved with the features of the
claims.

[0009] In accordance with the ink jet recording head
of the present invention, each of the ink cavities has a
dimensional accuracy and is easy to manufacture so
that the costs of the ink jet recording head can be re-
duced.

[0010] The above and other objects, features and ad-
vantages of the present invention will be more apparent
from the following description, taken in conjunction with
the annexed drawings.

Fig. 1is a flowchart showing a conventional process
for manufacturing a conventional ink jet recording
head;

Figs 2A, 2B, 2C and 2D are cross-sectional views
showing the conventional ink jet recording head at
the consecutive steps of the conventional process
of Fig. 1;

Fig. 3A is a perspective view of cavity pattern mem-
bers used for manufacturing a ink jet recording head
according to an embodiment of the present inven-
tion;

Fig. 3B is schematic cross-sectional view of tanks
used for the process of manufacturing the ink jet re-
cording head according to the embodiment;

Fig. 4 is a flowchart showing a process for manu-
facturing the ink jet recording head by using the cav-
ity pattern members of Fig. 3A; and

Fig. 5 is a cross-sectional view of a portion around
an ink jet cavity of the ink jet recording head man-
ufactured by the process of Fig. 4.

[0011] The presentinvention will now be described in
more detail with reference to the preferred embodiment.
[0012] Referring to Fig. 3A, there are schematically
shown cavity pattern members 1 as used for manufac-
turing an ink jet recording head according to an embod-
iment of the present invention. The cavity pattern mem-
bers 1 are made of, for example, a photosensitive resin.
Each of the cavity pattern member 1 is comprised of a
pressure chamber forming portion 1a, which defines a
cylindrical pressure chamber at the outer surface there-
of, and cylindrical passage forming portions 1b, which
are formed at both ends of the pressure chamber form-
ing portion 1a and have a smaller diameter to define a
passage for an ink flow at the surface thereof. A number
of cavity pattern members 1 are arranged at a predeter-
mined pitch by fixing members 1c with the passage
forming portions 1b fixed thereto.

[0013] Fig. 4 shows a procedure for manufacturing
the ink jet recording head according to the embodiment
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of the present invention. First, in step S1, cavity pattern
members 1 as shown in Fig. 3A are formed from a pho-
tosensitive resin and fixed to fixing members 1c. Sub-
sequently, the cavity pattern members 1 are dipped into
a solution 12 including an electrode material such as
platinum (Pt) contained in a first tank 2a as shown in
Fig. 3B for a predetermined period of time. The solution
further includes a solvent of a binder for bonding the
electrode material to the cavity pattern members 1. The
resultant members are taken out from the first tank 2a
for drying in step S3. Thus the cavity pattern member is
coated by an electrode film.

[0014] Thereafter, in step S4, the resultant members
are further dipped for a predetermined period of time in
a solution 13 of a piezoelectric material including a com-
bination of, for example, PbO3, PbTiO5 and PbZrO con-
tained in a second tank 3a, and then taken out from the
second tank 3a for subsequent drying in step S5. Thus,
a piezoelectric film is formed on the electrode film. The
steps S2 through S5 are repeated a plurality of times,
for example three times. Thus, unitary bodies of the cav-
ity pattern member and a laminate of the electrode films
and the piezoelectric films are obtained. A group of uni-
tary bodies are arranged in a matrix to form an assembly
for the ink Jet recording head. Each of the resultant ma-
trix of the unitary bodies does not have substantially any
gap between the cavity pattern member and the lami-
nate.

[0015] Subsequently, in step S6, a heat treatment is
conducted at a temperature of about 500°C for a rela-
tively long period of time to melt the photosensitive resin
and to melt the solvent of the binder. Thus, the cavity
pattern members 1 are removed from the assembly to
form an array of ink cavities 4 each including a pressure
chamber and passages. At a final step S7, sintering is
conducted for the resultant assembly at a temperature
of 1200°C to obtain an ink jet recording head according
to the present embodiment.

[0016] Fig. 5 shows a cross-section of a portion of one
of they ink cavities in the ink jet recording head obtained
by the process as described above. In this example, a
central, circular ink cavity 4 is surrounded by a concen-
tric laminate of three electrode films 2 and three piezo-
electric films 3 formed alternately with the electrode
films 2. The radius of the cavities is, for example, be-
tween 0.02 and 0.1 mm.

[0017] As described above, the laminate of the elec-
trode films 2 and the piezoelectric films 3 is formed
around the cavity pattern members 1, substantially with-
out any gap therebetween. As a result, after the cavity
pattern members 1 are removed, each of the resultant
ink cavities 4 has an accurate dimension. Also, since
the electrode films 2 and the piezoelectric films 3 are
layered merely by dipping in solutions and subsequent
drying, the process is quite simple, thereby reducing
costs of the ink jet recording head.

[0018] In operation of the ink jet recording head as
described above, a control signal for the ink jet recording
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head is supplied through the electrode films to operate
the piezoelectric films for a piezoelectric function. The
piezoelectric films 3 are concentrically formed around
the ink cavity 4, so that a uniform pressure for jetting of
ink can be applied from the entire circumferential wall of
the ink cavity 4. This enables a smooth jetting of the ink.
[0019] The cavity pattern member may have any
three-dimensional shape such as a cylinder or a rectan-
gular prism. The three-dimensional configuration of the
ink cavity allows ink to smoothly flow therein.

[0020] In the above embodiment, the cavity pattern
members are formed of a photosensitive resin. Howev-
er, the material of the cavity pattern members is not lim-
ited to a photosensitive resin, but may be any of mate-
rials, such as carbon, provided that the material can be
removed after formation of the laminate. If carbon is
used for the material, the cavity pattern member can be
removed by the sintering step (S7 in Fig.2).

Claims

1. A method for manufacturing an ink jet recording
head characterized by the steps of: repeating con-
secutively dipping a cavity pattern member (1) into
a first solution (12) of an electrode material, drying
the resultant member, dipping the resultant member
into a second solution (13) of a piezoelectric mate-
rial, and drying the resultant member, to thereby
form a unitary body of the cavity pattern member (1)
and a laminate of electrode films (2) and piezoelec-
tric films (3); removing the cavity pattern member
(1) from the unitary body to form an ink cavity (4)
inside the laminate (2,3).

2. A method as claimed
in Claim 1, wherein the cavity pattern member
(1) is made of a photosensitive resin.

3. A method as claimed in Claim 1, wherein the cavity
pattern member (1) is made of carbon.

4. A method as claimed in Claim 1, 2, or 3, wherein
the electrode material includes a metal and a binder
for bonding the metal to the piezoelectric material.

Patentanspriiche

1. Verfahren zur Herstellung eines Tintenstrahlauf-
zeichnungskopfes, gekennzeichnet durch die fol-
genden Schritte: wiederholtes Ausfiihren der auf-
einanderfolgenden Schritte Eintauchen eines Hohl-
raumstrukturelements (1) in eine erste Losung (12)
eines Elektrodenmaterials, Trocknen des entstan-
denen Elements, Eintauchen des entstandenen
Elements in eine zweite Losung (13) eines piezo-
elektrischen Materials und Trocknen des entstan-



5 EP 0 693 379 B1

denen Elements, um dadurch einen Einheitskorper
aus dem Hohlraumstrukturelement (1) und einem
Laminat von Elektrodenschichten (2) und piezo-
elektrischen Schichten (3) zu formen; Entfernen
des Hohlraumstrukturelements (1) aus dem Ein- %
heitskdrper, um innerhalb des Laminats (2, 3) einen
Tintenhohlraum (4) auszubilden.

2. \Verfahren nach Anspruch 1, wobei das Hohlraum-
strukturelement (1) aus einem lichtempfindlichen 70
Harz besteht.

3. Verfahren nach Anspruch 1, wobei das Hohlraum-
strukturelement (1) aus Kohlenstoff besteht.

15
4. \erfahren nach Anspruch 1, 2 oder 3, wobei das
Elektrodenmaterial ein Metall und ein Bindemittel
zum Verbinden bzw. Verkleben des Metalls mit dem
piezoelektrischen Material einschlieft.
20

Revendications

1. Méthode de fabrication d'une téte d'enregistrement
a jet d'encre caractérisée par les étapes consistant 25
a:

répéter de fagon consécutive l'immersion d'un
élément de modeéle de cavité (1) dans une pre-
miére solution (12) d'un matériau d'électrode, 30
le séchage de I'élément résultant, I'immersion

de I'élément résultant dans une seconde solu-

tion (13) d'un matériau piézoélectrique, etle sé-
chage de I'élément résultant, pour ainsi former

un corps unitaire de I'élément de modele de ca- 35
vité (1) et des couches successives de films
d'électrodes (2) et de films piézoélectriques (3);

et

retirer I'élément de modéle de cavité (1) du
corps unitaire pour former une cavité d'encre 40
(4) a l'intérieur des couches successives (2, 3).

2. Méthode selon la revendication 1, dans laquelle
I'élément de modéle de cavité (1) est fait d'une ré-
sine photosensible. 45

3. Méthode selon la revendication 1, dans laquelle
I'élément de modéle de cavité (1) est fait de carbo-

ne.
50
4. Méthode selon I'une quelconque des revendica-
tions 1, 2 et 3, dans laquelle le matériau d'électrode
inclut un métal et un liant pour fixer le métal au ma-
tériau piézoélectrique.
55
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FIG. 3A
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FIG. 4
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