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(54) ELECTROMECHANICAL CONVERSION ELEMENT

(57) An electromechanical transducer (1) has a pres-
surizing chamber (21) and a side-chamber (23) formed
in a plate (11). On a driven film (13) forming the upper
wall surface (21a) of the pressurizing chamber (21) and
the side-chamber (23), a lower electrode (33), a driving
member, and an upper electrode (35) are formed in this
order. The driving member is composed of an operation
section (31p) located over the pressurizing chamber (21),

and an extended section (31a) extending from the oper-
ation section (31p) to over the side-chamber (23). The
side-chamber (23) has a smaller width than the pressu-
rizing chamber (21) in a second direction perpendicular
to a first direction in which the side-chamber (23) is lo-
cated beside the pressurizing chamber (21). The extend-
ed section (31a) of the driving member has a smaller
width than the side-chamber (23) in the second direction.
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Description

Technical Field

[0001] The present invention relates to an electrome-
chanical transducer, and more particularly to an electro-
mechanical transducer having a diaphragm structure.

Background Art

[0002] Electromechanical transducers having a canti-
lever (a beam supported at one end) structure are known
that have a thin film of a piezoelectric material formed on
a plate. They permit efficient conversion of expan-
sive-contractive deformation along the plane of the thin
film into a displacement in the direction perpendicular to
the plane, and thus allow the building of highly sensitive
sensors and actuators. Inconveniently, however, since
one end of the beam is loose, they are not very rigid and
are prone to be deformed and twisted under external forc-
es.
[0003] As solutions, different improvements have been
proposed to increase the rigidity of the displacement film,
such as a portal (a beam supported at both ends) struc-
ture where the displacement film is held at opposite ends
and a diaphragm structure where the displacement film
is held around its edge. This increases the rigidity of the
displacement film, and leads to the following advantages:
the generated force is increased; deformation occurs sta-
bly under external forces; a central part of the displace-
ment film can be moved parallel to the plate; the hermetic
structure allows application in pumps for transporting gas
and liquid; etc.
[0004] On the other hand, ink-jet printers are known
that are provided with a plurality of channels for jetting
out liquid ink and that control the jetting of ink while mov-
ing relative to a recording medium such as paper and
cloth so as to thereby output two-dimensional images.
For fast image formation on such printers, a line-head
system is preferable in which scanning is performed in
one direction with channels arranged across the entire
width of the recording medium.
[0005] With a line-head system, to reduce the cost of
the head and achieve high resolution, it is preferable to
make the channels as small as possible and arrange
small channels two-dimensionally in the head with high
density. As a method of making channels small and in-
crease their density, Patent Document 1 listed below pro-
poses a method in which square channels are arranged
in a staggered formation.
[0006] On the other hand, Patent Documents 2 and 3
listed below disclose ink-jet-type recording heads in
which a piezoelectric member held between a lower and
an upper electrode is provided over an elongate pressu-
rizing chamber. In these ink-jet-type recording heads, the
piezoelectric member and the upper electrode are ex-
tended in the length direction of the pressurizing chamber
to lead out wiring for electrical connection.

List of Citations

Patent Literature

[0007]

Patent Document 1: Japanese Patent No. 3168474
Patent Document 2: Japanese Patent Application
Published as No. H9-118011
Patent Document 3: Japanese Patent Application
Published as No. JP-2002-120369

Summary of Invention

Technical Problem

[0008] Inconveniently, however, with the methods dis-
closed in Patent Documents 2 and 3, when the piezoe-
lectric member is driven, stress concentrates on the ex-
tended sections of the piezoelectric member and of the
upper electrode in a peripheral part of the pressurizing
chamber, and the extended section may be destroyed.
[0009] The present invention has been devised against
the background discussed above, and aims to provide
an electromechanical transducer that can prevent de-
struction of extended sections of a driving member such
as a piezoelectric member and of an upper electrode.

Solution to Problem

[0010] According to one aspect of the present inven-
tion, an electromechanical transducer includes: a plate;
a pressurizing chamber formed in the plate and having
a cross-sectional shape with an aspect ratio of approxi-
mately one to one in directions parallel to the plane of
the plate; a side-chamber formed in the plate, communi-
cating with the pressurizing chamber, and provided be-
side the pressurizing chamber in a first direction parallel
to the plane of the plate; a driven film formed on one face
of the plate with a smaller thickness than the plate so as
to form an upper wall surface of the pressurizing chamber
and the side-chamber; a lower electrode formed on the
driven film; a driving member formed on the lower elec-
trode and composed of an operation section located over
the pressurizing chamber, smaller than the cross-sec-
tional shape of the pressurizing chamber, and having an
aspect ratio of approximately one to one in the directions
parallel to the plane of the plate, and an extended section
extending from the operation section to over the side-
chamber; and an upper electrode formed on the driving
member. Here, the side-chamber has a smaller width
than the pressurizing chamber in a second direction per-
pendicular to the first direction and parallel to the plane
of the plate, and the extended section of the driving mem-
ber has a smaller width than the side-chamber in the
second direction.
[0011] According to another aspect of the present in-
vention, an electromechanical transducer includes: a
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plate; a pressurizing chamber formed in the plate and
having a cross-sectional shape with an aspect ratio of
approximately one to one in directions parallel to the
plane of the plate; a first side-chamber formed in the
plate, communicating with the pressurizing chamber, and
provided beside the pressurizing chamber in a first direc-
tion parallel to the plane of the plate; a second side-cham-
ber formed in the plate, communicating with the pressu-
rizing chamber, provided beside the pressurizing cham-
ber in the first direction parallel to the plane of the plate,
and arranged opposite the first side-chamber across the
pressurizing chamber; a driven film formed on one face
of the plate with a smaller thickness than the plate so as
to form an upper wall surface of the pressurizing cham-
ber, the first side-chamber, and the second side-cham-
ber; a lower electrode formed on the driven film; a driving
member formed on the lower electrode; a first upper elec-
trode having a first electrode operation section formed
on the driving member over the pressurizing chamber,
smaller than the cross-sectional shape of the pressuriz-
ing chamber, and having an aspect ratio of approximately
one to one in the directions parallel to the plane of the
plate, and a first electrode extended section extending
from the first electrode operation section to over the driv-
ing member over the first side-chamber; a second upper
electrode having a second electrode operation section
formed on the driving member over the rim of the pres-
surizing chamber and formed so as to surround the first
upper electrode, and a second electrode extended sec-
tion extending from the second electrode operation sec-
tion to over the driving member over the second side-
chamber; and a drive circuit for feeding drive signals of
opposite polarities to the first and second upper elec-
trodes. Here, the first and second side-chambers have
a smaller width than the pressurizing chamber in a sec-
ond direction perpendicular to the first direction and par-
allel to the plane of the plate, and the first and second
electrode extended sections of the first and second upper
electrodes respectively have a smaller width than the first
and second side-chambers in the second direction.

Advantageous Effects of the Invention

[0012] According to the present invention, it is possible
to provide an electromechanical transducer that, while
preventing destruction of extended sections of a driving
member such as a piezoelectric member and of an upper
electrode, allows wiring to be led out from the upper elec-
trode

Brief Description of Drawings

[0013]

Fig. 1(a) is a plan view showing the structure of an
electromechanical transducer according to a first
embodiment of the invention, and Fig. 1(b) is a sec-
tional view along line A-A’ in Fig. 1 (a) as seen from

the direction indicated by arrows;
Fig. 2(a) is a plan view of the electromechanical
transducer, Fig. 2(b) is a plot showing the relation-
ship between position and stress in the electrome-
chanical transducer, and
Fig. 2(c) is a plot showing the relationship between
position and displacement in the electromechanical
transducer;
Fig. 3(a) to Fig. 3(d) are sectional views showing a
sequence of fabrication steps of the electromechan-
ical transducer;
Fig. 4(a) to Fig. 4(c) are sectional views showing a
sequence of fabrication steps of the electromechan-
ical transducer;
Fig. 5(a) to Fig. 5(c) are sectional views showing a
sequence of fabrication steps of the electromechan-
ical transducer;
Fig. 6(a) to Fig. 6(c) are sectional views showing a
sequence of fabrication steps of the electromechan-
ical transducer;
Fig. 7(a) is a plan view showing the structure of an
ink-jet printer head as an application example of the
electromechanical transducer, and Fig. 7(b) is a sec-
tional view along line A-A’ in Fig. 7(a);
Fig. 8(a) is a plan view showing the structure of an
electromechanical transducer according to a second
embodiment of the invention, Fig. 8(b) is a sectional
view along line A-A’ in Fig. 8(a) as seen from the
direction indicated by arrows, and Fig. 8(c) is a sec-
tional view along line B-B’ in Fig. 8(a) as seen from
the direction indicated by arrows;
Fig. 9(a) is a plan view of the electromechanical
transducer, Fig. 9(b) is a plot showing the relation-
ship between position and stress in the electrome-
chanical transducer, and
Fig. 9(c) is a plot showing the relationship between
position and displacement in the electromechanical
transducer;
Fig. 10(a) is a plan view showing the structure of an
ink-jet printer head as an application example of the
electromechanical transducer, and Fig. 10(b) is a
sectional view along line A-A’ in Fig. 10(a);
Fig. 11 (a) is a plan view schematically showing the
structure of a diaphragm-type electromechanical
transducer of a reference example, and Fig. 11(b) is
a sectional view along line A-A’ in Fig. 11(a); and
Fig. 12(a) is a plan view of the electromechanical
transducer of the reference example,
Fig. 12(b) is a plot showing the relationship between
position and stress in the electromechanical trans-
ducer, and Fig. 12(c) is a plot showing the relation-
ship between position and displacement in the elec-
tromechanical transducer;

Description of Embodiments

[0014] Prior to a description of embodiments of the
present invention, a reference example for clarifying the
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existing problems will be described with reference to
Figs. 11 and 12. Among different diagrams, identical or
equivalent parts are identified by common reference
signs and no overlapping description will be repeated
unless necessary.
[0015] Fig. 11 is a schematic diagram showing the
structure of a diaphragm-type electromechanical trans-
ducer as a reference example, Fig. 11(a) being a plan
view and Fig. 11(b) being a sectional view along line A-
A’ in Fig. 11 (a) as seen from the direction of arrows. Fig.
12 is a schematic diagram showing the characteristic
curve of the diaphragm-type electromechanical trans-
ducer of the reference example, Fig. 12(a) being the
same plan view as Fig. 11 (a), Fig. 12(b) being a plot of
the stress occurring during driving, and Fig. 12(c) being
a plot of the displacement during driving. Positions A11
to A14 in the plan view correspond respectively to posi-
tions A11 to A14 in the sectional view.
[0016] In Fig. 11, the electromechanical transducer 1
is composed of a cylindrical pressurizing chamber 21
formed in a plate 11, a driven film 13 formed on one face
of the plate 11 and serving as a wall surface 21a at the
top of the pressurizing chamber 21, and a driving film 30
formed on the driven film 13. The driving film 30 is com-
posed of a piezoelectric member 31 of, for example, lead
zirconate titanate (PZT), an upper electrode 35 provided
on the piezoelectric member 31, and a lower electrode
33 provided continuously all over the surface between
the driven film 13 and the piezoelectric member 31. The
pressurizing chamber 21 has, in the face opposite from
the wall surface 21 a, an opening 21b.
[0017] When a voltage from outside is applied between
the lower and upper electrodes 33 and 35, and as a result
the piezoelectric member 31 expands and contracts in
the planar direction, its difference in length from the driv-
en film 13 produces a curvature, and thus produces a
displacement in the direction (indicated by arrow z) per-
pendicular to the planar direction of the driving film 30.
By exploiting this displacement, it is possible to make the
elctromechanical transducer 1 function as an actuator.
[0018] Conversely, when a pressure from outside acts
on the driven film 13 and the driving film 30, a curvature
is produced and a pressure acts on the driving film 30,
producing an electric field in the piezoelectric member
31 through the piezoelectric effect. By detecting via the
lower and upper electrodes 33 and 35 the amplitude,
period, and phase of the electric field produced in the
piezoelectric member 31, it is possible to make the elctro-
mechanical transducer 1 function as a pressure sensor.
[0019] To improve the conversion efficiency of the
elctromechanical transducer 1, it is preferable to make
the piezoelectric member 31 smaller than the wall surface
21 a at the top of the pressurizing chamber 21. If the
piezoelectric member 31 is larger than the wall surface
21 a and extends to over a peripheral part of the plate
11, it hampers the expansion and contraction of the driv-
ing film 30.
[0020] However, making the piezoelectric member 31

smaller than the wall surface 21a makes it difficult to lead
out the upper electrode 35. The driving film 30 is as thin
as several micrometers and brittle, and therefore does
not withstand the pressure during wiring such as
wire-bonding or tension after connection. Moreover, the
displacement of the driving film 30 is perpendicular to the
planar direction, and the wiring hampers the displace-
ment. That is, it is difficult to connect a wire, or bond an
electrode terminal, directly to the top of the driving film 30.
[0021] To solve this problem, in Fig. 11, parts of the
piezoelectric member 31 and the upper electrode 35 are
made to extend in narrow strips, so as to be led out right
over the wall surface 21 a at the top of the pressurizing
chamber 21. As an extended section 30a of the driving
film 30, a piezoelectric member extended section 31a
and an upper electrode extended section 35a are led out
from over the wall surface 21a leftward in the diagram.
[0022] Inconveniently, with this structure, as shown in
Fig. 12(b), when the piezoelectric member 31 is driven,
stress concentrates on the extended section 30a in a
peripheral part 11 a of the wall surface 21 a at the top of
the pressurizing chamber 21, and this may destroy the
extended section 30a. Moreover, the piezoelectric mem-
ber extended section 31 a hampers the displacement of
the piezoelectric member 31, and thus, as indicated by
a solid line in Fig. 12(c), the displacement of the driving
film 30 over the pressurizing chamber 21 becomes asym-
metric left to right about the center of the pressurizing
chamber 21, and also the amount of displacement is re-
duced, compared with the ideal displacement indicated
by a dash-and-dot line as observed when the extended
section 30a is not provided.
[0023] In embodiments of the present invention, the
problems experienced with the reference example,
namely damage to the extended section 30a of the driving
film 30 and the reduced amount of displacement, have
been solved.
[0024] The present invention will now be described by
way of embodiments shown in the drawings. This, how-
ever, is not meant to limit the present invention to those
embodiments.
[0025] An electromechanical transducer according to
a first embodiment of the invention will now be described
with reference to Figs. 1 and 2. Fig. 1 is a schematic
diagram showing the structure of the electromechanical
transducer according to the first embodiment, Fig. 1(a)
being a plan view and Fig. 1(b) being a sectional view
along line A-A’ in Fig. 1(a) as seen from the direction of
arrows. Fig. 2 is a schematic diagram showing the char-
acteristic curve of the electromechanical transducer ac-
cording to the first embodiment, Fig. 2(a) being the same
plan view as Fig. 1(a), Fig. 2(b) being a plot of the stress
occurring during driving, and Fig. 2(c) being a plot of dis-
placement during driving. Positions A1 to A6 in the plan
view correspond respectively to positions A1 to A6 in the
sectional view.
[0026] Figs. 1 and 2 show an electromechanical trans-
ducer for a single channel; in a case where an electro-
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mechanical transducer array having a plurality of chan-
nels is built, a plurality of electromechanical transducers
1 may be arranged in a one-dimensional or two-dimen-
sional array as necessary.
[0027] In Fig. 1, the electromechanical transducer 1 is
composed of a plate 11, a pressurizing chamber 21, a
side-chamber 23, a driven film 13, a driving film 30, an
extended section 30a of the driving film 30, etc.
[0028] The pressurizing chamber 21 here is, like the
pressurizing chamber 21 of the reference example
shown in Fig. 11, a cylindrical space provided in the plate
11. In this embodiment, the sectional shape of the pres-
surizing chamber 21 in the planar direction parallel to the
plane of the plate 11 is circular. Giving it a circular sec-
tional shape allows the driving film 30 to be displaced
most effectively. However, the sectional shape of the
pressurizing chamber 21 in the planar direction parallel
to the plane of the plate 11 is not limited to circular; it may
instead be rectangular or polygonal so long as the aspect
ratio (the ratio of the dimensions in the up/down and left/
right directions in Fig. 1 (a)) is approximately one to one.
[0029] The side-chamber 23 is a space formed in the
plate 11 so as to communicate with the pressurizing
chamber 21, and is provided so as to be located beside
the pressurizing chamber 21 in a first direction (the
left/right direction in the figure) parallel to the plane of the
plate 11. The width and length of the side-chamber 23
are about one-half of the cross-sectional diameter of the
pressurizing chamber 21. Specifically, as indicated by a
broken line in Fig. 1(a), the width of the side-chamber 23
in the up/down direction in the figure is about one-half of
the diameter of the pressurizing chamber 21. And the
length of the side-chamber 23 in the left/right direction in
the figure (in the direction in which the extended section
30a extends) is also about one-half of the diameter of
the pressurizing chamber 21. It is preferable that the
width of the side-chamber 23 in the up/down direction (a
second direction) in the figure be smaller than the diam-
eter of the pressurizing chamber 21 and be in the range
of 25% to 75% of the diameter of the pressurizing cham-
ber 21. On the other hand, the length of the side-chamber
23 in the left/right direction (the first direction) in the figure
does not necessarily have to be smaller than the diameter
of the pressurizing chamber 21 as in this embodiment. It
should be noted that in this embodiment, wherever a
range is mentioned with respect to a value, the range is
inclusive of the upper and lower limits.
[0030] The driving film 30 includes, like the driving film
30 of the reference example shown in Fig. 11, a piezoe-
lectric member 31 of PZT or the like and a lower electrode
33 and an upper electrode 35 provided on the top and
bottom, respectively, of the piezoelectric member 31. The
lower electrode 33 is provided continuously all over the
top face of the driven film 13. The piezoelectric member
31 has an operation section 31p smaller than the
cross-sectional shape of the wall surface 21a at the top
of the pressurizing chamber 21 and having a planar
shape with an aspect ratio of approximately one to one

in the direction parallel to the plane of the plate 11. As
shown in Fig. 1(a), the shape of the operation section
31p of the piezoelectric member 31 is circular, concentric
with the circle which is the cross section of the pressu-
rizing chamber 21, with a smaller diameter than the cross
section of the pressurizing chamber 21. It is preferable
that the size (diameter) of the operation section 31p of
the piezoelectric member 31 be 70% to 99% of the size
of the cross section of the pressurizing chamber 21, a
further preferable range being 90% to 99%.
[0031] The upper electrode 35 has an operation sec-
tion 35p made smaller than the shape of the operation
section 31p of the piezoelectric member 31. The shape
of the operation section 35p of the upper electrode 35 is
circular, concentric with the circle which is the shape of
the operation section 31p, with a smaller diameter than
the operation section 31p of the piezoelectric member
31. The reason that the upper electrode 35 is made small-
er than the piezoelectric member 31 is to reliably prevent
the upper electrode 35 from making contact with the lower
electrode 33. Thus, the upper electrode 35 does not nec-
essarily have to be made smaller than the piezoelectric
member 31; these may be the same size.
[0032] An extended section 30a is formed by extending
the piezoelectric member 31 and the upper electrode 35
leftward in the figure from over the wall surface 21a at
the top of the pressurizing chamber 21 across over the
side-chamber 23. The extended section 30a includes a
piezoelectric member extended section 31 a and an up-
per electrode extended section 35a formed on it. As
shown in Fig. 1(a), with respect to the up/down direction
in the figure, the width of the piezoelectric member ex-
tended section 31a is about one-half of the width of the
side-chamber 23, and the width of the upper electrode
extended section 35a is about one-third of the width of
the piezoelectric member extended section 31a. It is pref-
erable that the width of the piezoelectric member extend-
ed section 31a be 50% to 80% of the width of the side-
chamber 23. This, however, is not meant to be any lim-
itation, the sole requirement being that the width of the
piezoelectric member extended section 31a be smaller
than the width of the side-chamber 23. It is preferable
that the width of the upper electrode extended section
35a be 10% to 40% of the width of the piezoelectric mem-
ber extended section 31a (that is, 20% to 50% of the
width of the side-chamber 23). This, however, is not
meant to be any limitation; the upper electrode extended
section 35a may be the same size as the piezoelectric
member extended section 31a.
[0033] When a voltage is applied between the lower
and upper electrodes 33 and 35 of the driving film 30,
the piezoelectric member 31 located over the wall surface
21 a of the pressurizing chamber 21 expands and con-
tracts, and its difference in length from the driven film 13
produces a curvature, which causes the driving film 30
to be displaced in the direction perpendicular to the planar
direction. Here, owing to the provision of the side-cham-
ber 23 under the extended section 30a, the stress occur-
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ring in the extended section 30a is spread, and thus the
extended section 30a is prevented from being destroyed.
In Fig. 2(b), the stress occurring in the driving film 30 and
the extended section 30a in this embodiment is indicated
by a solid line. There, the stress in the reference example
shown in Fig. 12(b) is indicated by a broken line. A com-
parison reveals that the stress that would otherwise con-
centrate in a peripheral part 11a (see Fig. 12) of the wall
surface 21 a is spread across all over the pressurizing
chamber 21 and the side-chamber 23 and is thereby no-
tably reduced.
[0034] Since the extended section 30a also has the
upper electrode extended section 35a, the piezoelectric
member extended section 31a expands and contracts.
Making the upper electrode extended section 35a of the
extended section 30a too wide causes the piezoelectric
member extended section 31 a to expand and contract
too much, and this may hamper the expansion and con-
traction of the piezoelectric member 31 located over the
pressurizing chamber 21.
[0035] To avoid that, in the first embodiment, the upper
electrode extended section 35a is given a width as small
as about one-third of the width of the piezoelectric mem-
ber extended section 31a. As a result, part of the piezo-
electric member extended section 31 a does not expand
or contract under the application of a voltage to the upper
electrode 35. Moreover, since the extended section 30a
occupies a smaller area than the driving film 30, the dis-
placement of the piezoelectric member extended section
31 a is negligibly small.
[0036] Rather, the extended section 30a as a whole
expands and contracts by following the expansion and
contraction of the operation section 31p of the piezoe-
lectric member 31. Thus, the operation section 31p of
the piezoelectric member 31 located over the pressuriz-
ing chamber 21 is not hampered from expansion and
contraction. The piezoelectric member 31 can thus be
displaced as much as it should.
[0037] In Fig. 2(c), a plot of the displacement of the
driving film 30 and the extended section 30a is indicated
by a solid line. The plot shows an approximately rota-
tion-symmetric distribution of displacement about the ax-
is through the center of the pressurizing chamber 21, and
reveals improved symmetry and increased amounts of
displacement compared with the displacement, indicated
by a broken line, in the reference example shown in Fig.
12(c).
[0038] Giving the upper electrode extended section
35a too small a width results in a high electrical resist-
ance, and may cause problems in the aspects of with-
stand voltage and driving frequency. Thus, it is preferable
that the upper electrode extended section 35a be given
a certain width at least.
[0039] Giving the side-chamber 23 a large width results
in an increased volume inside the side-chamber 23 into
which, when the electromechanical transducer 1 is driv-
en, the gas or liquid pressed inside pressurizing chamber
21 escapes. This tends to lower the sensitivity of the ac-

tuator which the elctromechanical transducer 1 is. On the
other hand, giving the side-chamber 23 a small width
tends to result in a diminished effect of alleviating the
hampering of the expansion and contraction of the driving
film 30 and the concentration of stress in the extended
section 30a. Thus, the width of the upper electrode ex-
tended section 35a, the width of the side-chamber 23,
and other relevant dimensions are determined according
to the balance of characteristics required in the elctro-
mechanical transducer 1.
[0040] Next, a method of fabricating the electrome-
chanical transducer according to the first embodiment
will be described with reference to Figs. 3 to 6. Figs. 3 to
6 comprise sectional views schematically showing the
fabrication steps in the method of fabricating the electro-
mechanical transducer according to the first embodi-
ment. In these diagrams, the dimensions in the thickness
direction (the up/down direction in the figures) are exag-
gerated for easy recognition of different layers.
[0041] In Fig. 3(a), the plate 11 and the driven film 13
are formed of a SOI (silicon-on-insulator) plate having
two layers of Si bonded together with an oxide film be-
tween them as commonly used in micro-electro-mechan-
ical systems (MEMS). The plate portion 111 of Si has a
thickness of about 150 mm; the oxide film (SiO2) has a
thickness of about 0.1 mm; and the Si film 131, which
later becomes the driven film 13, has a thickness of about
2 mm.
[0042] The reason that the plate 11 and the driven film
13 are formed of an SOI plate is that, in the later-de-
scribed formation of the driven film 13, using a hardly
etchable oxide film (SiO2) 113 as an etching stop layer
helps stabilize the thickness of the driven film 13.
[0043] In Fig. 3(b), the SOI plate is placed in a furnace
and is kept at about 1500 °C for a predetermined length
of time so that, on the surface of the top and bottom Si
layers, oxide films (SiO2) 133 and 115 are formed re-
spectively. The oxide films (SiO2) 133 and 115 each have
a thickness of about 0.1 mm. The driven film 13 is con-
stituted by the Si film 131 and the oxide film (SiO2) 133.
[0044] In Fig. 3(c), the SOI plate having the oxide films
(SiO2) 133 and 115 formed on it is cooled down to room
temperature, and then, all over the surface of the SOI
plate, a thin titanium Ti layer with a thickness of about
0.02 mm and a platinum Pt layer with a thickness of about
0.1 mm are formed by sputtering as the lower electrode
33. The titanium Ti layer functions as an adhesion layer
for enhancing the adhesion between the oxide film (SiO2)
133 and the lower electrode 33.
[0045] In Fig. 3(d), the SOI plate having the lower elec-
trode 33 formed on it is heated again to about 600 °C so
that, by sputtering or the like, all over the surface of the
SOI plate, a film 311 of a piezoelectric material such as
lead zirconate titanate (PZT) is formed, which later be-
comes the piezoelectric member 31. The piezoelectric
material film 311 has a thickness of about 5 mm.
[0046] In the piezoelectric material film 311 formed by
sputtering, during film formation, alignment of electrical
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dipoles, that is, polarization, occurs, and this eliminates
the need for an extra process for polarization. In cases
where the piezoelectric material film 311 is formed by
another method or where a later process involves the
use of such a high temperature or a high electric field as
to destroy polarization, it is necessary to provide a sep-
arate process for polarization.
[0047] In Fig. 4(a), the SOI plate having the piezoelec-
tric material film 311 formed on it is cooled down to room
temperature; then a photosensitive resin material is ap-
plied by spin-coating, it is then exposed to light through
a mask by photolithography, and the unnecessary part
of it is then removed by etching. In this way, an upper
electrode mask 91 is formed to which the shape of the
upper electrode 35 and the upper electrode extended
section 35a have been transferred.
[0048] In Fig. 4(b), all over the surface of the SOI plate,
an electrode layer 351, which later becomes the upper
electrode 35, is formed by sputtering. The electrode layer
351 is composed of a thin titanium Ti layer with a thick-
ness of about 0.02 mm and a platinum Pt layer with a
thickness of about 0.2 mm. The titanium layer functions
as an adhesion layer for enhancing the adhesion be-
tween the piezoelectric material film 311 at one end and
the upper electrode 35 and the upper electrode extended
section 35a at the other end.
[0049] In Fig. 4(c), the upper electrode mask 91 is re-
moved by etching, and the unnecessary part of the elec-
trode layer 351 is removed together, so that the operation
section 35p and the upper electrode extended section
35a of the upper electrode 35 are formed.
[0050] In Fig. 5(a), a photosensitive resin material is
applied by spin-coating, it is exposed to light through a
mask by photolithography, and the unnecessary part of
it is removed by etching. In this way, a piezoelectric ele-
ment mask 93 is formed to which the shape of the oper-
ation section 31p and the dielectric member extension
portion 31a of the piezoelectric member 31 have been
transferred.
[0051] In Fig. 5(b), with the piezoelectric element mask
93 as resist, by reactive ion etching, the shape of the
piezoelectric material film 311 is so proceed as to form
the operation section 31p and the piezoelectric member
extended section 31a of the piezoelectric member 31. In
Fig. 5(c), the piezoelectric element mask 93 is removed.
[0052] In Fig. 6(a), on the bottom face of the SOI plate,
a photosensitive resin material is applied by spin-coating,
it is exposed to light through a mask by photolithography,
and the unnecessary part of it is removed by etching. In
this way, a pressurizing chamber mask 95 is formed to
which the shape of the pressurizing chamber 21 and the
side-chamber 23 are transferred.
[0053] In Fig. 6(b), with the pressurizing chamber mask
95 as resist, by reactive ion etching, the oxide film (SiO2)
115, the Si plate portion 111, and the oxide film (SiO2)
113 are removed. Here, the hardly etchable oxide film
(SiO2) 113 functions as an etching stop layer, and thereby
helps stabilize the thickness of the driven film 13.

[0054] In Fig. 6(c), the pressurizing chamber mask 95
is removed, and this completes the fabrication of the
elctromechanical transducer 1.
[0055] As described above, according to the first em-
bodiment, it is possible to provide an electromechanical
transducer that allows wiring to be led out from the upper
electrode while preventing damage to the extended sec-
tion of the piezoelectric member and the upper electrode
and retaining the displacement of the driving film over
the pressurizing chamber.
[0056] Now, a first application example of the electro-
mechanical transducer according to the first embodiment
will be described. The first application example deals with
a transmitter/receiver element in an ultrasound probe for
medical imaging.
[0057] Conventional transmitter/receiver elements in
ultrasound probes employ bulk-sintered inorganic piezo-
electric materials such as PZT in a form cut longitudinally
and laterally. However, being bulk materials, those ma-
terials, though having high rigidity and generating strong
forces, produce small displacements and hence have low
sensitivity. Also, to increase the density of sensor por-
tions, wiring is laid in a form stacked on a piezoelectric
material, and this may lead to the problem of ultrasonic
vibration being attenuated or modulated depending on
the rigidity of the wiring.
[0058] As a solution, a plurality of electromechanical
transducers like the one 1 shown in Fig. 1 arranged in a
two-dimensional array on a plate are used as a transmit-
ter-receiver element of an ultrasonic probe.
[0059] Transmission of ultrasound is achieved by ap-
plying between the upper and lower electrodes 35 and
33 an alternating-current voltage of a frequency corre-
sponding to the frequency of the ultrasound to be trans-
mitted.
[0060] During reception, the ultrasound reflected from
the imaging target enters the pressurizing chamber 21
of the elctromechanical transducer 1 and makes the driv-
en film 13 and the driving film 30 over the wall surface
21 a at the top of the pressurizing chamber 21 vibrate so
that the piezoelectric effect resulting from the vibration
produces an electric field in the operation section 31p of
the piezoelectric member 31.
[0061] By detecting via the lower and upper electrodes
33 and 35 the amplitude, period, and phase of the electric
field occurring in the operation section 31p of all the pi-
ezoelectric member 31 arranged in a two-dimensional
array, it is possible to obtain a two-dimensional ultra-
sound image, and thus it is possible to make the elctro-
mechanical transducer 1 function as a receiver element
of an ultrasonic probe.
[0062] With the elctromechanical transducer 1 accord-
ing to this embodiment, when ultrasound is transmitted
or received, the driving film 30 is not hampered from vi-
brating, and thus high transmission/reception perform-
ance is obtained.
[0063] As described above, by employing as a trans-
mitter/receiver element in an ultrasonic probe a plurality
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of electromechanical transducers 1 according to the first
embodiment arranged in a two-dimensional array on a
plate, it is possible to achieve high transmission/recep-
tion performance.
[0064] For use as a transmitter/receiver element in an
ultrasonic probe, instead of the piezoelectric member 31,
a flexible high-polymer layer may be provided so that the
electrostatic force between the lower and upper elec-
trodes 33 and 35 is used as the driving force for the driving
film 30. In this case, the high-polymer layer serves as a
driving member.
[0065] Next, a second application example of the elec-
tromechanical transducer according to the first embodi-
ment described above will be described with reference
to Fig. 7. Fig. 7 is a schematic diagram showing the sec-
ond application example of the electromechanical trans-
ducer according to the first embodiment, Fig. 7(a) being
a plan view and Fig. 7(b) being a sectional view along
line A-A’ in Fig. 7(a). The second application example
deals with an ink-jet printer head. In a similar manner, it
can be applied to micropumps for other than ink jet print-
ers.
[0066] As shown in Fig. 7, in the ink-jet printer head
100, on the face of the electromechanical transducer 1
opposite from the driven film 13, a communication plate
41 and a nozzle plate 51 are provided.
[0067] The communication plate 41 and the nozzle
plate 51 are formed of, for example, Si, a photosensitive
resin, a sheet of stainless steel, etc. Their thicknesses
are generally from about 50 mm to about 500 mm.
[0068] In the communication plate 41, at a position fac-
ing an end part of the side-chamber 23, an ink entry 43
is provided and, at a position facing an end part of the
pressurizing chamber 21, a nozzle communication port
45 is provided. To the ink entry 43, ink is supplied from
an unillustrated ink tank through an ink passage 53 pro-
vided in the nozzle plate 51. The supplied ink flows as
indicated by arrow C in the figure so as to be jetted out,
via the nozzle communication port 45, through an ink-jet
nozzle 55 provided in the nozzle plate 51. The aperture
diameters of the ink entry 43 and the ink-jet nozzle 55
are generally from about 10 mm to about 100 mm.
[0069] With this structure, the pressure applied by the
driving film 30 to the pressurizing chamber 21 efficiently
acts on the ink inside the pressurizing chamber 21, and
makes the ink jet out through the ink-jet nozzle 55. On
the other hand, since the ink entry 43 is provided on the
side-chamber 23 side, it is not subjected to concentration
of the pressure in the pressurizing chamber 21. This en-
sures smooth supply of ink.
[0070] Moreover, owing to the ink entry 43 and the
ink-jet nozzle 55 being arranged respectively at a position
facing on an end part of the side-chamber 23 and at a
position facing on an end part of the pressurizing cham-
ber 21, it is possible to prevent bubbles from collecting
in corners of the side-chamber 23 and the pressurizing
chamber 21, and thus to ensure smooth filling with ink.
[0071] Next, an electromechanical transducer accord-

ing to a second embodiment of the invention will be de-
scribed with reference to Figs. 8 and 9. Fig. 8 is a sche-
matic diagram showing the structure of the electrome-
chanical transducer according the second embodiment,
Fig. 8(a) being a plan view, Fig. 8(b) being a sectional
view along line A-A’ in Fig. 8(a), and Fig. 8(c) being a
sectional view along line B-B’ in Fig. 8(a). Fig. 9 is a sche-
matic diagram showing the characteristic curve of the
electromechanical transducer according to the second
embodiment, Fig. 9(a) being the same plan view as Fig.
8(a), Fig. 9(b) being a plot of the stress occurring during
driving, and Fig. 9(c) being a plot of the displacement
during driving. Positions A7 and A8 in the plan view cor-
respond respectively to positions A7 and A8 in the sec-
tional view.
[0072] As shown in Fig. 8, in the second embodiment,
unlike in the first embodiment, the piezoelectric member
31 is, like the driven film 13 and the lower electrode 33,
provided all over the top face of the plate 11. Moreover,
at a position opposite the side-chamber 23 (a first side-
chamber) across the pressurizing chamber 21, a sec-
ondary side-chamber 25 (second side-chamber) is pro-
vided which is shaped identically with (symmetrically,
across the pressurizing chamber 21, with) the side-cham-
ber 23. Preferred ranges of the width and length of the
secondary side-chamber 25 are similar to those for the
side-chamber 23 described previously.
[0073] The upper electrode 35 has, as in the first em-
bodiment, an operation section 35p located over the
pressurizing chamber 21 and an upper electrode extend-
ed section 35a. The shape of and the preferred ranges
of the dimensions of the operation section 35p and the
upper electrode extended section 35a of the upper elec-
trode 35 are also similar to those in the first embodiment
described previously. Accordingly, it is preferable that
the width of the upper electrode extended section 35a
be 10% to 40% of the width of the side-chamber 23. As
to the shape of the operation section 35p of the upper
electrode 35, the shape of the operation section 31p of
the piezoelectric member 31 as described in connection
with the first embodiment may be adopted.
[0074] Furthermore, a second upper electrode 37 is
formed which has a C-shaped operation section 37p. The
operation section 37p is formed on the piezoelectric
member 31 so as to surround the operation section 35p
of the upper electrode 35 and overlap the rim of the pres-
surizing chamber 21. The second upper electrode 37 has
a second upper electrode extended section 37a which
extends from the C-shaped operation section 37p to over
the piezoelectric member 31 over the secondary side-
chamber 25, and is led out to over the plate 11 by the
second upper electrode extended section 37a. The width
of the second upper electrode extended section 37a is
smaller than the width of the secondary side-chamber
25, and its preferred range is similar to that for the upper
electrode extended section 35a. Specifically, it is prefer-
able that the width of the second upper electrode extend-
ed section 37a be 10% to 40% of the width of the sec-
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ondary side-chamber 25. In other respects in structure
and with respect to the fabrication method, the same de-
scription applies here as with the first embodiment, and
therefore no overlapping description will be repeated.
[0075] In a case where, as in the second embodiment,
the piezoelectric member 31 is provided all over the top
face of the plate 11, even when a voltage is applied be-
tween the upper and lower electrodes 35 and 33 with the
intention to make only the piezoelectric member 31 over
the pressurizing chamber 21 expand and contract, the
piezoelectric member 31 around it may resist and hamper
the piezoelectric member 31 over the pressurizing cham-
ber 21 from expanding and contracting.
[0076] As a solution, in the second embodiment, from
a drive circuit 39 to which the upper electrode 35 and the
second upper electrode 37 are connected, a drive signal
of the opposite polarity to that fed to the upper electrode
35 is fed to the second upper electrode 37. That is, driving
proceeds such that when the piezoelectric member 31
under the upper electrode 35 expands, the piezoelectric
member 31 under the second upper electrode 37 con-
tracts and, when the piezoelectric member 31 under the
upper electrode 35 contracts, the piezoelectric member
31 under the second upper electrode 37 expands. In this
way, only the operation section 31p of the piezoelectric
member 31 over the pressurizing chamber 21 can be
made to expand and contract. This helps increase the
displacement of the operation section 31p of the piezo-
electric member 31 over the pressurizing chamber 21.
[0077] In Fig. 9(b), the stress occurring in the piezoe-
lectric member 31 over the side-chamber 23, the pres-
surizing chamber 21, and the secondary side-chamber
25 is indicated by a solid line. There, the stress in the
reference example shown in Fig. 12(b) is indicated by a
broken line. It is revealed that, as in the first embodiment,
stress spreads across all over the side-chamber 23, the
pressurizing chamber 21, and the secondary side-cham-
ber 25 without concentrating as in the reference example
and is thereby greatly reduced.
[0078] In Fig. 9(c), a plot of the displacement of the
piezoelectric member 31 over the pressurizing chamber
21 is indicated by a solid line. It is revealed that the dis-
placement is increased compared with that, indicated by
a broken line, in the electromechanical transducer 1 of
the reference example shown in Fig. 12(c).
[0079] According to the second embodiment, it is pos-
sible to provide an electromechanical transducer that al-
lows wiring to be led out from the upper electrode while
preventing damage to the extended section of the piezo-
electric member and the upper electrode and retaining
the displacement of the driving film over the pressurizing
chamber.
[0080] Now, a first application example of the electro-
mechanical transducer according to the second embod-
iment described above will be described. The first appli-
cation example here, like that according to the first em-
bodiment, deals with a transmitter/receiver element in an
ultrasonic probe for medical imaging.

[0081] Here, as in the first embodiment, a plurality of
electromechanical transducers like the one 1 shown in
Fig. 8 arranged in a two-dimensional array is used as a
transmitter/receiver element in an ultrasonic probe.
[0082] Transmission of ultrasound is achieved by ap-
plying between the upper electrode 35 and the lower elec-
trode 33 an alternating-current voltage of a frequency
corresponding to the frequency of the ultrasound to be
transmitted and in addition applying between the second
upper electrode 37 and the lower electrode 33 an alter-
nating-current voltage of the opposite polarity.
[0083] During reception, the ultrasound reflected from
the imaging target enters the pressurizing chamber 21
in the elctromechanical transducer 1 and makes vibrate
the driven film 13 and the driving film 30 over the wall
surface 21 a at the top of the pressurizing chamber 21.
Here, the driven film 13 and the driving film 30 curve in
an S-shape; thus, central and peripheral parts of the pi-
ezoelectric member 31 over the pressurizing chamber
21 curve in opposite directions; that is, while one ex-
pands, the other contracts. Thus, through the piezoelec-
tric effect, voltages of opposite polarities appear. By de-
tecting these voltages of opposite polarities at the upper
electrode 35 and the second upper electrode 37 and tak-
ing their difference, it is possible to increase the output
voltage as compared with detecting a voltage at the upper
electrode 35 alone. This helps improve the S/N ratio and
obtain higher performance.
[0084] Next, a second application example of the elec-
tromechanical transducer according to the second em-
bodiment will be described with reference to Fig. 10. Fig.
10 is a schematic diagram showing the second applica-
tion example of the electromechanical transducer ac-
cording to the second embodiment. The second applica-
tion example here, like that according to the first embod-
iment, deals with an ink-jet printer head.
[0085] The example in Fig. 10 differs from the example
in Fig. 7 in that the nozzle communication port 45 and
the ink-jet nozzle 55 are proved not under the pressuriz-
ing chamber 21 but under an end part of the secondary
side-chamber 25. In this way, like the ink entry 43, the
ink-jet nozzle 55 can also be arranged away from the
pressurizing chamber 21 so as not to be subjected to
concentration of the pressure in the pressurizing cham-
ber 21. This ensures smooth flow of ink. In other respects,
the second application example here is the same as that
according to the first embodiment shown in Fig. 7, and
therefore no overlapping description will be repeated.
[0086] It should be understood that many modifications
and variations are possible in the details of the structure
and operation of the electromechanical transducers pre-
sented as embodiments above without departing from
the spirit of the present invention.

Industrial Applicability

[0087] Electromechanical transducers according to
the present invention find applications, for example, in
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transmitter/receiver elements in ultrasonic probes, and
in ink-jet printer heads.

List of Reference Signs

[0088]

1 electromechanical transducer
11 plate
13 driven film
21 pressurizing chamber
21a wall surface
23 side-chamber (first side-chamber)
25 secondary side-chamber (second side-chamber)
30 driving film
30a extended section
31 piezoelectric member (driving member)
31a dielectric member extended section
31p operation section
33 lower electrode
35 upper electrode (first upper electrode)
35a upper electrode extended section (first electrode

extended section)
35p operation section (first electrode operation sec-

tion)
37 second upper electrode
37a second upper electrode extended section (sec-

ond electrode extended section)
37p operation section (second electrode operation

section)
39 drive circuit
41 communication plate
43 ink entry
45 nozzle communication port
51 nozzle plate
53 ink passage
55 ink-jet nozzle
100 ink-jet printer head

Claims

1. An electromechanical transducer comprising:

a plate;
a pressurizing chamber formed in the plate and
having a cross-sectional shape with an aspect
ratio of approximately one to one in directions
parallel to a plane of the plate;
a side-chamber formed in the plate, communi-
cating with the pressurizing chamber, and pro-
vided beside the pressurizing chamber in a first
direction parallel to the plane of the plate;
a driven film formed on one face of the plate with
a smaller thickness than the plate so as to form
an upper wall surface of the pressurizing cham-
ber and the side-chamber;
a lower electrode formed on the driven film;

a driving member formed on the lower electrode
and composed of
an operation section located over the pressuriz-
ing chamber, smaller than the cross-sectional
shape of the pressurizing chamber, and having
an aspect ratio of approximately one to one in
the directions parallel to the plane of the plate,
and
an extended section extending from the opera-
tion section to over the side-chamber; and
an upper electrode formed on the driving mem-
ber, wherein
the side-chamber has a smaller width than the
pressurizing chamber in a second direction per-
pendicular to the first direction and parallel to
the plane of the plate, and
the extended section of the driving member has
a smaller width than the side-chamber in the
second direction.

2. The electromechanical transducer according to
claim 1, wherein the upper electrode formed on the
extended section of the driving member has a small-
er width than the extended section of the driving
member in the second direction.

3. The electromechanical transducer according to
claim 1 or 2, wherein the width of the side-chamber
in the second direction is in a range of 25% to 75%
of the width of the pressurizing chamber in the sec-
ond direction.

4. The electromechanical transducer according to any
one of claims 1 to 3, wherein the width of the extend-
ed section of the driving member in the second di-
rection is in a range of 50% to 80% of the width of
the side-chamber in the second direction.

5. The electromechanical transducer according to any
one of claims 1 to 4, wherein the operation section
of the driving member has a circular shape.

6. The electromechanical transducer according to any
one of claims 1 to 5, wherein the driving member is
a piezoelectric member.

7. An electromechanical transducer comprising:

a plate;
a pressurizing chamber formed in the plate and
having a cross-sectional shape with an aspect
ratio of approximately one to one in directions
parallel to a plane of the plate;
a first side-chamber formed in the plate, com-
municating with the pressurizing chamber, and
provided beside the pressurizing chamber in a
first direction parallel to the plane of the plate;
a second side-chamber formed in the plate,
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communicating with the pressurizing chamber,
provided beside the pressurizing chamber in the
first direction parallel to the plane of the plate,
and arranged opposite the first side-chamber
across the pressurizing chamber;
a driven film formed on one face of the plate with
a smaller thickness than the plate so as to form
an upper wall surface of the pressurizing cham-
ber, the first side-chamber, and the second side-
chamber;
a lower electrode formed on the driven film;
a driving member formed on the lower electrode;
a first upper electrode having a first electrode
operation section formed on the driving member
over the pressurizing chamber, smaller than the
cross-sectional shape of the pressurizing cham-
ber, and having an aspect ratio of approximately
one to one in the directions parallel to the plane
of the plate, and a first electrode extended sec-
tion extending from the first electrode operation
section to over the driving member over the first
side-chamber;
a second upper electrode having a second elec-
trode operation section formed on the driving
member over a rim of the pressurizing chamber
and formed so as to surround the first upper elec-
trode, and a second electrode extended section
extending from the second electrode operation
section to over the driving member over the sec-
ond side-chamber; and
a drive circuit for feeding drive signals of oppo-
site polarities to the first and second upper elec-
trodes, wherein
the first and second side-chambers have a
smaller width than the pressurizing chamber in
a second direction perpendicular to the first di-
rection and parallel to the plane of the plate, and
the first and second electrode extended sections
of the first and second upper electrodes respec-
tively have a smaller width than the first and sec-
ond side-chambers in the second direction.

8. The electromechanical transducer according to
claim 7, wherein the width of the first and second
side-chambers in the second direction is in a range
of 25% to 75% of the width of the pressurizing cham-
ber in the second direction.

9. The electromechanical transducer according to
claim 7 or 8, wherein
the width of the first extended section of the first up-
per electrode in the second direction is in a range of
10% to 40% of the width of the first side-chamber in
the second direction, and
the width of the second extended section of the sec-
ond upper electrode in the second direction is in a
range of 10% to 40% of the width of the second side-
chamber in the second direction.

10. The electromechanical transducer according to any
one of claims 7 to 9, wherein an operation section
of the driving member has a circular shape.

11. The electromechanical transducer according to any
one of claims 1 to 5, wherein the driving member is
a piezoelectric member.
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