[DESCRIPTION]

[Title of Invention]

ACTUATOR, VALVE DEVICE, AND FLUID CONTROL APPARATUS

[Technical Field]

[0001] The present invention relates to an actuator, a valve device, and a fluid control
apparatus used for a fluid pipeline of a semiconductor manufacturing apparatus and the like.
[Background Art]

[0002] A valve device using a piezoelectric element in an actuator and having a mechanism
for amplifying a displacement amount of the piezoelectric element is proposed (see PTL 1, for
example).

[Citation List]

[Patent Literature]

[0003]

[PTL 1] Japanese Patent Application Publication No. 2003-199366

[Summary of Invention]

[Technical Problem]

[0004] However, since the valve device disclosed in PTL 1 is in a normally open state, it
cannot be applied to a semiconductor manufacturing device and the like requiring a valve
device in a normally closed state.

[0005] Thus, it is an object of the present invention to provide an art which can amplify a
displacement amount of a piezoelectric element and can realize a normally closed state of a
valve device.

[0006] In order to attain the above object, an actuator according to one embodiment of the
present invention includes: a casing; a stem provided in the casing; a piezoelectric element

supported by the casing to be displaced toward the stem; and a displacement amplification



mechanism configured to amplify displacement of the piezoelectric element, wherein the
displacement amplification mechanism includes a first lever portion, an intermediate member,
and a second lever portion; the first lever portion is located between the piezoelectric element
and the intermediate member and includes a first point-of-effort portion configured to receive
displacement from the piezoelectric element, a first fulcrum portion which is in contact with
the casing and becomes a center of rotational movement of the first lever portion, and a first
point-of-load portion configured to transmit displacement to the intermediate member; the
intermediate member is located between the first lever portion and the second lever portion and
is configured to be displaced toward the second lever portion upon receipt of displacement
from the first lever portion; and the second lever portion has a second point-of-effort portion
configured to receive displacement from the intermediate member, a second fulcrum portion
which is in contact with the casing and becomes the center of rotational movement of the
second lever portion, and a second point-of-load portion configured to transmit the
displacement to the stem; the first point-of-effort portion is located between the first fulcrum
portion and the first point-of-load portion in a direction orthogonal to an axis of the stem; the
second fulcrum portion is located between the second point-of-effort portion and the second
point-of-load portion in the direction orthogonal to the axis of the stem; a distance between the
second fulcrum portion and the second point-of-load portion is configured longer than a
distance between the second fulcrum portion and the second point-of-effort portion; and the
second point-of-load portion of the second lever portion is displaced toward the stem and
moves the stem toward the piezoelectric element by means of displacement of the intermediate
member to the second lever portion side.

[0007] Further, the first lever portion may have a plurality of first levers disposed along a
circumferential direction of the stem; and the second lever portion may have a plurality of

second levers disposed along the circumferential direction of the stem.



[0008] Further, the displacement amplification mechanism may include a first retainer
configured to hold the plurality of first levers and a first retainer configured to hold the plurality
of first levers.

[0009] Further, a valve device according to one embodiment of the present invention includes:
body in which a fluid passage is formed; a valve body configured to open and close the fluid
passage; and the above actuator.

[0010] Further, a fluid control apparatus according to one embodiment of the present invention
includes: a plurality of fluid control devices, wherein at least one of the plurality of fluid control
devices is the above valve device.

[Effects of Invention]

[0011] According to the present invention, such an art that can amplify the displacement
amount of the piezoelectric element and can realize the normally closed state of the valve
device can be provided.

[Brief Description of Drawings]

[0012]

[Fig. 1] Fig. 1 is a vertical cross-sectional view of a valve device in a closed state according to
an embodiment of the present invention.

[Fig. 2] Fig. 2 (a) is a perspective view illustrating a state in which first levers (second levers)
and a first retainer (second retainer) are assembled, Fig. 2 (b) is a perspective view of the first
retainer (second retainer), and Fig. 2 (c) is a side view of the first lever (the second lever).
[Fig. 3] Fig. 3 is a cross-sectional view of a displacement amplification mechanism when the
valve device is in the closed state.

[Fig. 4] Fig. 4 is a cross-sectional view of the displacement amplification mechanism when the
valve device is in an open state.

[Fig. 5] Fig. 5 illustrates a schematic diagram of a semiconductor manufacturing device.



[Description of Embodiments]

[0013] Referring to the drawings, a description will be given of an actuator, a valve device,
and a fluid control apparatus each according to an embodiment of the present invention.
[0014] Fig. 1 illustrates a vertical cross-sectional view of a valve device 1 in a closed state in
this embodiment. As illustrated in Fig. 1, the valve device 1 is a diaphragm valve for use in
a gas line (e.g., on a most upstream side of the gas line) including a plurality of fluid controllers
of a fluid control apparatus 55 (see Fig. 5).

[0015] The valve device 1 includes a body 2, a diaphragm 3, and an actuator 4. Note that the
description will be given below on the assumption that the actuator 4 is on an upper side of the
valve device 1, while the body 2 is on a lower side of the valve device 1.

[0016] In the body 2, a columnar valve chamber 2a and an inflow passage 2b as well as an
outflow passage 2¢c communicating with the valve chamber 2a are formed. An annular seat
2D protruding toward a stem 7 of the actuator 4 is provided on a peripheral edge at a spot where
the inflow passage 2b and the valve chamber 2a of the body 2 communicate with each other
(an opening part of the inflow passage 2b). The seat 2D is constituted of a resin material or
the like. Moreover, the body 2 has a cylindrical portion 2E provided so as to extend upward,
having a cylindrical shape, and having a female thread portion formed on an inner peripheral
part.

[0017] The diaphragm 3 is constituted of a plurality of diaphragms and is disposed in the
valve chamber 2a. The diaphragm 3 has an outer peripheral edge portion sandwiched by an
annular retaining adapter 9 which will be described later and is held with respect to the body 2.
The diaphragm 3 which is a valve stem has a substantially spherical shell shape and has a
substantially arc shape projecting upward in a natural state. The diaphragm 3 is brought into
contact with and separated from the seat 2D, whereby communication or shut-off between the

inflow passage 2b and the outflow passage 2c is performed. When the valve device 1 is in a



closed state, the diaphragm 3 is brought into contact with the seat 2D, whereby the inflow
passage 2b and the outflow passage 2¢ are shut off. When the valve device 1 is in the open
state, the diaphragm 3 is separated from the seat 2D, whereby the inflow passage 2b and the
outflow passage 2¢c communicate with each other.

[0018] The actuator 4 has a casing 20, a piezoelectric element 5, a disc 6, the stem 7, a coil
spring 8, a retaining adapter 9, a diaphragm retainer 10, and a displacement amplification
mechanism 30.

[0019] The casing 20 includes a bonnet 21, an intermediate casing 22, a cap 23, a first support
ring 24, and a second support ring 25 and has a substantially capped cylindrical shape as a
whole.

[0020] The bonnet 21 has a substantially cylindrical shape and has a base portion 21A, an
upper cylindrical portion 21B, and a lower cylindrical portion 21C. The base portion 21A has
a disc shape having a through hole 21d. The upper cylindrical portion 21B has a cylindrical
shape and protrudes to an upper side from an outer peripheral edge of the base portion 21A.
A male thread portion is formed on an outer periphery of an upper end portion of the upper
cylindrical portion 21B. The lower cylindrical portion 21C has a cylindrical shape and
protrudes to a lower side from a position between the through hole 21d of the base portion 21 A
and the outer peripheral edge. A male thread portion is formed on an outer periphery of the
lower cylindrical portion 21C. The male thread portion of the lower cylindrical portion 21C
of the bonnet 21 is screwed with the female thread portion of the cylindrical portion 2E of the
body 2 so as to be fixed to the body 2.

[0021] The intermediate casing 22 has a substantially cylindrical shape having a through hole
22a. A female thread portion is formed on an inner periphery of a lower end portion of the
intermediate casing 22, and a male thread portion is formed on an outer periphery of an upper

end portion. The female thread portion on the lower end portion of the intermediate casing



22 is screwed with the male thread portion of the upper cylindrical portion 21B of the bonnet
21, whereby the intermediate casing 22 is fixed to the bonnet 21.

[0022] The cap 23 has a capped cylindrical shape. A female thread portion is formed on an
inner periphery of a lower end portion of the cap 23. The female thread portion on the lower
end portion of the cap 23 is screwed with the male thread portion on the upper end portion of
the intermediate casing 22, whereby the cap 23 is fixed to the intermediate casing 22.
Moreover, a plate 23A and a lock nut 23B are provided on the cap 23.

[0023] The first support ring 24 has a substantially cylindrical shape and is disposed on the
base portion 21A of the bonnet 21. An annular projecting portion 24 A protruding inward is
provided on the upper end portion of the first support ring 24. An outer diameter of the first
support ring 24 is configured slightly smaller than an inner diameter of the upper cylindrical
portion 21B of the bonnet 21.

[0024] The second support ring 25 has a substantially disc shape having a through hole 25a
and is disposed on the base portion 21A of the bonnet 21. A recess portion 25¢ is formed at
a center part of an upper surface 25B of the second support ring 25. The second support ring
25 is provided on an inner side of the first support ring 24, and an outer diameter of the second
support ring 25 is constituted slightly smaller than an inner diameter of the first support ring
24.

[0025] The piezoelectric element 5 is disposed on the disc 6 which will be described later and
is provided in the intermediate casing 22. A pair of lead terminals 5a and 5b is connected to
the piezoelectric element 5, and the lead terminals 5a and 5b extend to an outside through the
cap 23 and the plate 23A. When a predetermined voltage is applied to the pair of lead
terminals S5a and 5b, the piezoelectric element 5 is deformed by an inverse piezoelectric effect.
In the piezoelectric element 5, deformation of the upper end thereof to an upper side is regulated

by the plate 23A and the lock nut 23B, the deformation of the piezoelectric element 5 is



transmitted to a lower side, and the disc 6 is displaced. The displacement amount of the disc
6 by the deformation of the piezoelectric element 5 is adjusted by adjusting a tightening amount
of the lock nut 23B.

[0026] The disc 6 is located on the lower side of the piezoelectric element 5 and is provided
movably in a vertical direction in the upper cylindrical portion 21B of the bonnet 21. A
projecting portion 6A protruding downward is provided on a lower surface side of the disc 6.
A recess portion 6b recessed upward is formed at a center part of the projecting portion 6A.
An annular projecting portion 6C protruding downward is provided on an outer peripheral edge
of the projecting portion 6A. A lower surface 6D of the projecting portion 6C forms a planar
shape.

[0027] The stem 7 is located on the lower side of the disc 6 and is provided movably in the
vertical direction. The stem 7 has an upper stem 7A and a lower stem 7B. The upper stem
7A has a disc portion 7C, an upper extension portion 7D, and a lower extension portion 7E.
The disc portion 7C has a disc shape and is located within the upper cylindrical portion 21B of
the bonnet 21. An outer diameter of the disc portion 7C is configured larger than outer
diameters of the upper extension portion 7D and the lower extension portion 7E.

[0028] The upper extension portion 7D has a regular hexagonal prism shape and extends to
an upper side from the center part of the disc portion 7C.  An upper end of the upper extension
portion 7D is located within the recess portion 6b of the disc 6 but is configured so that the
stem 7 does not touch the disc 6 even if the stem 7 moves vertically. The lower extension
portion 7E extends to the lower side from the center part of the disc portion 7C. The lower
extension portion 7E has a regular hexagonal prism portion 7E1 and a columnar portion 7E2.
The regular hexagonal prism portion 7E1 is located on the lower side of the disc portion 7C,
and the columnar portion 7E2 is located on the lower side of the regular hexagonal prism

portion 7E1.  The columnar portion 7E2 penetrates the through hole 25a of the second support



ring 25 and the through hole 21d of the base portion 21 A, the lower end portion of the columnar
portion 7E2 is located within the lower cylindrical portion 21C, and a male thread portion is
formed on an outer periphery thereof.

[0029] The lower stem 7B has a substantially cylindrical shape and is located within the lower
cylindrical portion 21C. A female thread portion is formed on an inner periphery of the upper
end portion of the lower stem 7B. The female thread portion on the upper end portion of the
lower stem 7B is screwed with the male thread portion on the lower end portion of the upper
stem 7A, whereby the lower stem 7B is fixed to the upper stem 7A.

[0030] The coil spring 8 is provided in the lower cylindrical portion 21C, is interposed
between the base portion 21A and the lower stem 7B, and biases the stem 7 to the lower side
at all times.

[0031] The retaining adapter 9 has an annular shape, sandwiches the outer peripheral edge
portion of the diaphragm 3 and holds the diaphragm 3 to the body 2.

[0032] The diaphragm retainer 10 is provided on the lower side of the stem 7 and is capable
of pressing the center part of the diaphragm 3.

[0033] Subsequently, the displacement amplification mechanism 30 will be described.
[0034] Fig. 2(a) illustrates a perspective view of a state where first levers 31 (second levers
34) and a first retainer 32 (second retainer 35) are assembled, Fig. 2(b) illustrates a perspective
view of the first retainer 32 (second retainer 35), and Fig. 2(c) illustrates a side view of the first
lever 31 (second lever 34). The first lever 31 and the first retainer 32 in Fig. 2 illustrate a
vertically inverted state of the first lever 31 and the first retainer 32 illustrated in Figs. 1 and 3.
Thus, in Fig. 2, the first lever 31 and the first retainer 32 in the vertically inverted state will be
described.

[0035] The displacement amplification mechanism 30 includes six first levers 31, first
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six first levers 31 correspond to a first lever portion, and the six second retainers 35 correspond
to a second lever portion.

[0036] The six first levers 31 are independent of each other, have the same shape, and are
equidistantly arranged around the upper extension portion 7D along a circumferential direction
of the casing 20.  Each of the first levers 31 is formed of a metal (e.g., stainless steel), a resin,
a ceramic, or the like and has hardness which keeps the first lever 31 from being deformed
(distorted) during an operation of opening/closing the valve device 1 described later. In other
words, each of the first levers 31 functions as a rigid body against the operation of
opening/closing the valve device 1.

[0037] Each of the first levers 31 includes an inner portion 31A and an outer portion 31B and
has a shape tapered from the outer portion 31B toward the inner portion 31A. The outer
portion 31B is connected to the inner portion 31A so as to be bent upwardly. The inner portion
31A has an insertion hole 31c¢ formed therein.

[0038] As illustrated in Fig. 2(c), the first lever 31 has a first main surface 31D and a second
main surface 31E. Portions constituting the inner portion 31A and the outer portion 31B of
the first main surface 31D and the second main surface 31E form planar shapes, respectively.
[0039] An outer end portion 31F and an inner end portion 31G of each of the first levers 31
extend so as to be in parallel with a tangent direction of a circle with an axis of the stem 7 as
the center.  As illustrated in Fig. 3, each of the first levers 31 is disposed so that the first main
surface 31D is directed to the lower side, and the second main surface 31E to the upper side,
and the outer end portion 31F of each of the first levers 31 is in linear contact with an upper
surface 24B of the projecting portion 24A of the first support ring 24, and the inner end portion
31G is in linear contact with an upper surface 33F of the intermediate member 33 while facing

each surface of the regular hexagonal prism of the upper extension portion 7D of the stem 7.



Moreover, the lower surface 6D of the disc 6 is in linear contact with a bent portion 31H of the
first lever 31 in the second main surface 31E.

[0040] The first retainer 32 is formed of a flexible material such as rubber, has a substantially
hexagonal shape in plan view, and has a regular hexagonal insertion hole 32a formed therein.
The first retainer 32 includes an annular portion 32B, six first projections 32C, and six second
projections 32D.

[0041] Each of the six first projections 32C has a substantially cylindrical shape. The six first
projections 32C are arranged over the annular portion 32B so as to be equidistant from each
other in the circumferential direction of the actuator 3.

[0042] Each of the six second projections 32D is provided between the first projections 32C
adjacent to each other and has a shape tapered toward a center of the annular portion 32B in
plan view.

[0043] Into the insertion holes 31c¢ of the inner portions 31A of the individual first levers 31,
the first projections 32C of the first retainer 32 are inserted to allow each of the first levers 31
to be held by the first retainer 32.  Each of the first levers 31 is disposed between the second
projections 32D adjacent to each other to have rotation thereof suppressed.

[0044] Into the regular hexagonal insertion hole 32a of the annular portion 32B, the upper
extension portion 7D in the form of the regular hexagonal prism is inserted. Since the
insertion hole 32a has a size slightly larger than that of an outer shape of the upper extension
portion 7D, the rotation of the first retainer 32 relative to the upper extension portion 7D is
suppressed.

[0045] The intermediate member 33 has a substantially annular shape and is located on the
lower sides of the first lever 31 and the first retainer 32 as illustrated in Fig. 3. The
intermediate member 33 has an upper transmission portion 33A and a lower transmission

portion 33B.  The upper transmission portion 33A is located on the inner side of the projecting
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portion 24A of the first support ring 24. An upper through hole 33c having a regular
hexagonal prism shape is formed at a center part of the upper transmission portion 33A. A
dimension of the upper through hole 33c is configured slightly larger than the dimension of the
upper extension portion 7D. The upper extension portion 7D penetrates the upper through
hole 33c.

[0046] A columnar intermediate through hole 33e is formed on the upper transmission portion
33A side of the lower transmission portion 33B, and a lower through hole 33d is formed on the
lower side thereof. An inner diameter of the intermediate through hole 33e is configured
slightly larger than an outer diameter of the disc portion 7C of the stem 7. The disc portion
7C is capable of vertical movement along an inner periphery of the intermediate through hole
33e. An inner diameter of the lower through hole 33d is configured larger than the inner
diameter of the intermediate through hole 33e.

[0047] The six second levers 34 and the second retainer 35 are located under the transmission
member 33 and have the same configurations/shapes as those of the six first levers 31 and the
first retainer 32 as illustrated in Fig. 2.

[0048] Specifically, each of the second levers 34 is made of a metal (e.g., stainless steel), a
resin, a ceramic, or the like, has hardness which keeps the second lever 34 from being deformed
(distorted) during the operation of opening/closing of the valve device 1 described later, and
includes the inner portion 34A having an engagement hole 34c formed therein, and an outer
side portion 34B. An outer end portion 34F and an inner end portion 34G of each of the
second levers 34 extend so as to be in parallel with a tangent direction of a circle with an axis
of the stem 7 as the center.  As illustrated in Fig. 2(c), the first lever 34 has a third main surface
34D and a fourth main surface 34E. Portions constituting an inner side portion 34A and an
outer side portion 34B of the third main surface 34D and the fourth main surface 34E form

planar shapes, respectively.
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[0049] As illustrated in Fig. 3, the six second levers 31 are equidistantly arranged around the
regular hexagonal prism portion 7E1 along a circumferential direction of the casing 20. Each
of the second levers 34 is disposed so that the third main surface 34D is directed to the upper
side, and the fourth main surface 34E to the lower side, and the outer end portion 34F of each
of the second levers 34 is in linear contact with a lower surface 33G of the intermediate member
33, and the inner end portion 34G is in linear contact with a lower surface 7F of the disc portion
7C of the stem 7 while facing each surface of the regular hexagonal prism portion 7E1.
Further, an upper surface 25B of the second support ring 25 is in linear contact with a bent
portion 34H of the second lever 34 in the second main surface 34E.

[0050] The second retainer 35 is formed of a flexible material such as rubber, has a
substantially hexagonal shape in plan view, and has a regular hexagonal insertion hole 35a
formed therein. The second retainer 35 includes an annular portion 35B, six third projections
35C, and six fourth projections 35D.

[0051] Into the insertion holes 34c of inner portions 34A of the individual second levers 34,
the third projections 35C of the second retainer 35 are inserted to allow each of the second
levers 34 to be held by the second retainer 35. Each of the second levers 34 is disposed
between the fourth projections 35D adjacent to each other to have rotation thereof suppressed.
[0052] Into the regular hexagonal insertion hole 35a of the second retainer 35, the regular
hexagonal prism portion 7E1 of the stem 7 is inserted. ~ Since the insertion hole 35a has a size
slightly larger than that of the outer shape of the regular hexagonal prism portion 7E1, the
rotation of the second retainer 35 relative to the regular hexagonal prism portion 7EI is
suppressed.

[0053] Subsequently, an opening/closing operation of the valve device 1 according to this

embodiment will be described.
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[0054] Fig. 3 illustrates a cross-sectional view of the displacement amplification mechanism
30 when the valve device 1 is in a closed state. Fig. 4 illustrates a cross-sectional view of the
displacement amplification mechanism 30 when the valve device 1 is in an open state.

[0055] Asillustrated in Fig. 1, when the valve device 1 is in the closed state, a predetermined
voltage is not applied to the piezoelectric element 5, and the stem 7 is biased downward by the
coil spring 8 and is located at a lowest end. When the valve device 1 is brought into the open
state illustrated in Fig. 4 from the closed state illustrated in Figs. 1 and 3, the predetermined
voltage is applied to the piezoelectric element 5, and deformation (displacement) of the
piezoelectric element 5 is transmitted to the disc 6. By means of movement (displacement)
of the disc 6 to the lower side, the bent portion 31H of each of the first levers 31 is pressed by
the lower surface 6D of the disc 6, and each of the first levers 31 rotationally moves around the
outer end portion 31F in contact with the upper surface 24B of the projecting portion 24A of
the first support ring 24.  As a result, the inner end portion 31G of each of the first levers 31
moves to the lower side, the upper surface 33F of the intermediate member 33 is pressed, and
the intermediate member 33 moves to the lower side.

[0056] When the intermediate member 33 moves to the lower side, an outer end portion 34F
of each of the second levers 34 is pressed by the lower surface 33G of the intermediate member
33, and each of the second levers 34 is rotationally moved around a bent portion 34H of each
of the second levers 34. As a result, an inner end portion 34G of each of the second levers 34
moves to the upper side, the lower surface 7F of the disc portion 7C of the stem 7 is pressed,
and the stem 7 moves to the upper side against a biasing force of the coil spring 8. As a result,
there is no force for pressing the diaphragm 3 any longer, the diaphragm 3 is pushed up by a
pressure of a fluid flowing through the inflow passage 2b and a recovering force of the
diaphragm 3 itself and is separated from the seat 2D, whereby the inflow passage 2b and the

outflow passage 2¢c communicate with each other.
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[0057] On the other hand, when the valve device 1 is brought into the closed state illustrated
in Figs. 1 and 3 from the open state illustrated in Fig. 4, the application of the predetermined
voltage to the piezoelectric element 5 is cancelled, and the piezoelectric element 5 returns to
an original state. Thus, since the force for pushing up the stem 7 by the displacement
amplification mechanism 30 does not work any longer, the stem 7 and the diaphragm 3 are
pressed by the biasing force of the coil spring 8 and are brought into contact with the seat 2D,
whereby the communication between the inflow passage 2b and the outflow passage 2c is shut
off.

[0058] In this embodiment, the displacement of the disc 6 caused by the deformation of the
piezoelectric element 5 is amplified by the displacement amplification mechanism 30 and is
transmitted to the stem 7. That is, assuming that a contact portion A1 of the outer end portion
31F of the first lever 31 to the upper surface 24B of the first support ring 24 is a fulcrum, a
contact portion B1 of the bent portion 31H of the first lever 31 to the lower surface 6D of the
disc 6 is a point of effort, and a contact portion C1 of the inner end portion 31G of the first
lever 31 to the upper surface 33F of the intermediate member 33 is a point of load, a distance
between the contact portion Al and the contact portion C1 in a direction orthogonal to an axis
of the stem 7 is configured to be several times (approximately 3.5 times in this embodiment)
the distance between the contact portion Al and the contact portion B1. Thus, the
displacement of the inner end portion 31G of the first lever 31 becomes approximately 3.5
times the displacement of the bent portion 31H of the first lever 31, that is, the displacement of
the disc 6 caused by the deformation of the piezoelectric element 5 by means of the principle
of leverage.

[0059] Moreover, by assuming that a contact portion A2 of the bent portion 34H of the second
lever 34 to the upper surface 25B of the second support ring 25 is the fulcrum, a contact portion

B2 of the outer end portion 34F of the second lever 34 to the lower surface 33G of the
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intermediate member 33 is the point of effort, and a contact portion C2 of the inner end portion
34G of the second lever 34 to the lower surface 7F of the disc portion 7C in the stem 7 is the
point of load, the distance between the contact portion A2 and the contact portion B2 in the
direction orthogonal to the axis of the stem 7 is configured to be several times (approximately
3.5 times in this embodiment) the distance between the contact portion A2 and the contact
portion C2. Thus, the displacement of the inner end portion 34G of the second lever 34
becomes approximately 3.5 times the displacement of the outer end portion 34 of the second
lever 31 by means of the principle of leverage. Therefore, the displacement of the inner end
portion 34G of the second lever 34 becomes approximately 12 times the displacement of the
disc 6 caused by the deformation of the piezoelectric element 5.

[0060] As described above, it is configured such that the displacement of the disc 6 caused
by the deformation of the piezoelectric element 5 is amplified by the displacement
amplification mechanism 30 so as to move the stem 7 to the upper side. As a result, even if
the displacement amount (20 pm, for example) of the piezoelectric element 5 is small, the
displacement amount of the stem 7 can be made larger. Moreover, the inner end portion 34G
of each of the second levers 34 is displaced toward the piezoelectric element 5 by the
displacement of the piezoelectric element 5 by application of a voltage, whereby the stem 7
moves toward the piezoelectric element 5. As a result, the valve device 1 in the normally
closed state can be brought to the open state.

[0061] In the first lever 31, the outer end portion 31F corresponds to a first fulcrum portion,
the bent portion 31H to a first point-of-effort portion, and the inner end portion 31G to a first
point-of-load portion. In the second lever 34, the outer end portion 34F corresponds to a
second point-of-effort portion, the bent portion 34H to a second fulcrum portion, and the inner

end portion 34G to a second point-of-load portion.
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[0062] As described above, according to the valve device 1 including the actuator 4 of this
embodiment, in the displacement amplification mechanism 30, in the direction orthogonal to
the axis of the stem 7, the bent portion 31H which is the first point-of-effort portion is located
between the outer end portion 31F which is the first fulcrum portion and the inner end portion
31G which is the first point-of-load portion, the bent portion 34H which is the second fulcrum
portion is located between the outer end portion 34F which is the second point-of-effort portion
and the inner end portion 34G which is the second point-of-load portion, and the distance
between the bent portion 34H and the inner end portion 34G is configured longer than the
distance between the bent portion 34H and the outer end portion 34F. By means of the
displacement of the intermediate member 33 toward each of the second levers 34 side, the inner
end portion 34G of each of the second levers 34 is displaced toward the piezoelectric element
5 so as to move the stem 7 toward the piezoelectric element 5. Thus, the displacement of the
piezoelectric element 5 can be amplified, and the stem 7 can be displaced to the piezoelectric
element 5 side by the displacement of the piezoelectric element 5. Therefore, the valve device
1 in the normally closed state can be provided.

[0063] The displacement amplification mechanism 30 has a plurality of the first levers 31 and
a plurality of the second levers 34 and thus, by disposing the plurality of levers at an equal
interval along a circumferential direction of the stem 7, transmission of the force from the
piezoelectric element 5 to the stem 7 via the intermediate member 33 can be performed
uniformly, and the displacement of the piezoelectric element 5 can be transmitted to the stem
7 smoothly.

[0064] Moreover, since the plurality of first levers 31 is held by the first retainers 32, and the
plurality of second levers 34 is held by the second retainers 35, assembling performance of the

actuator 4 and the valve device 1 can be improved.
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[0065] Next, a description will be given of the fluid control apparatus 55 in which the valve
devices 1 described above are to be used and of a semiconductor manufacturing device 60
including the fluid control apparatus 55.

[0066] Fig. 6 is a schematic diagram of the semiconductor manufacturing device 60. For
example, the semiconductor manufacturing device 60 is a CVD device which includes a gas
supply part 50 including the fluid control apparatus 55, a vacuum chamber 70, and an exhaust
part 80 and forms a passivation film (oxide film) over a wafer.

[0067] The gas supply part 50 includes a gas supply source 51, a manometer 52, and the fluid
control apparatus 55. The fluid control apparatus 55 has a plurality of gas lines formed of a
plurality of fluid controllers and includes, as the fluid controllers, open/close valves 53 and 54
and mass flow controllers (MFCs) 1 to 4. Between the gas supply part 50 and the vacuum
chamber 70, an open/close valve 61 is provided. The vacuum chamber 70 includes a
mounting table 71 for mounting thereon a wafer 72 and an electrode 73 for forming a thin film
over the wafer 72. The vacuum chamber 70 is connected to a commercial power source 62.
The exhaust part 80 includes an exhaust pipe 81, an open/close valve 82, and a dust collector
83.

[0068] When a thin film is formed over the wafer 72, by opening/closing the open/close
valves 53, 54, and 61 and using the MFCs 1 to 4, a supply of the gas to the vacuum chamber
70 is controlled. When a powder and granular material generated as a by-product during the
formation of the thin film over the wafer 72 is to be removed, the open/close valve 82 is brought
into an open state, and the powder and granular material is removed by the dust collector 83
via the exhaust pipe 81.

[0069] To the open/close valves 53, 54, 61, and 82, the valve devices 1 according to the

embodiments described above can be applied. As described above, each of the valve devices
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1 has the excellent durability, and accordingly it is possible to provide the fluid control
apparatus 55 having excellent durability.

[0070] While the description has been given heretofore of the case where the semiconductor
manufacturing device 60 is the CVD device, the semiconductor manufacturing device 60 may
also be a sputtering device or an etching device. The etching device (dry etching device)
includes a processing chamber, a gas supply part (fluid control apparatus), and an exhaust part
and processes a surface of a material or the like using a corrosive action exerted by a reactive
gas. The sputtering device includes a target, a vacuum chamber, a gas supply part (fluid
control apparatus), and an exhaust part and deposits a film over a surface of a material.

[0071] This embodiment is not limited to the embodiment described above. A person
ordinarily skilled in the art could have made various additions, changes and the like within the
range of the present invention.

[0072] For example, the displacement amplification mechanism 30 in the aforementioned
embodiment includes the six first levers 31, the first retainers 32, the intermediate member 33,
the six second levers 34, and the second retainers 35, but the first retainers 32 and the second
retainers 35 may be omitted. Moreover, the first lever portion and the second lever portion
are configured of six independent members, respectively, but the six first levers 31 or the six
second levers 34 may have an integral structure connected on inner peripheral edges or outer
peripheral edges thereof. In this case, the first lever 31 or the second lever 34 may be
configured of a material such as metal, resin and the like which are deformed with the
displacement of the disc 6 and the intermediate member 33. Moreover, the displacement
amplification mechanism 30 has the six first levers 31 and the six second levers 34, but the

numbers thereof only need to be two or more, respectively.
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[0073] Moreover, the coil spring 8 may be configured of a disc spring. A valve seat is
configured of burying the annular seat 2D made of a resin, but the valve seat may be configured
of forming an annular projecting portion by the same metal material as that of the body 2.

[Reference Signs List]

[0074]
1 Valve device
2 Body

2b Inflow passage

2c Outflow passage

3 Diaphragm

4 Actuator

5 Piezoelectric element

7 Stem

20 Casing

30 Displacement amplification mechanism
31 First lever portion

31F Outer end portion
31G  Inner end portion
31H  Bent portion

33 Intermediate member
34 Second lever portion
34F Outer end portion
34G  Inner end portion
34H  Bent portion

55 Fluid control apparatus
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[CLAIMS]
[Claim 1]
An actuator, comprising:
a casing;
a stem provided in the casing;
a piezoelectric element supported by the casing to be displaced toward the stem; and
a displacement amplification mechanism configured to amplify displacement of the
piezoelectric element, wherein
the displacement amplification mechanism includes a first lever portion, an
intermediate member, and a second lever portion;
the first lever portion is located between the piezoelectric element and the
intermediate member and includes a first point-of-effort portion configured to receive
displacement from the piezoelectric element, a first fulcrum portion which is in contact with
the casing and becomes a center of rotational movement of the first lever portion, and a first
point-of-load portion configured to transmit displacement to the intermediate member;
the intermediate member is located between the first lever portion and the
second lever portion and is configured to be displaced toward the second lever portion upon
receipt of displacement from the first lever portion; and
the second lever portion has a second point-of-effort portion configured to
receive displacement from the intermediate member, a second fulcrum portion which is in
contact with the casing and becomes the center of rotational movement of the second lever
portion, and a second point-of-load portion configured to transmit the displacement to the stem;
the first point-of-effort portion is located between the first fulcrum portion and the

first point-of-load portion in a direction orthogonal to an axis of the stem;
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the second fulcrum portion is located between the second point-of-effort portion and
the second point-of-load portion in the direction orthogonal to the axis of the stem;

a distance between the second fulcrum portion and the second point-of-load portion is
configured longer than a distance between the second fulcrum portion and the second point-of-
effort portion; and

the second point-of-load portion of the second lever portion is displaced toward the
stem and moves the stem toward the piezoelectric element by means of displacement of the
intermediate member to the second lever portion side.

[Claim 2]

The actuator according to claim 1, wherein

the first lever portion has a plurality of first levers disposed along a circumferential
direction of the stem; and

the second lever portion has a plurality of second levers disposed along the
circumferential direction of the stem.

[Claim 3]

The actuator according to claim 2, wherein

the displacement amplification mechanism includes a first retainer configured to hold
the plurality of first levers and a first retainer configured to hold the plurality of first levers.
[Claim 4]

A valve device, comprising:

a body in which a fluid passage is formed;

a valve body configured to open and close the fluid passage; and

the actuator according to any one of claims 1 to 3.

[Claim 5]

A fluid control apparatus, comprising a plurality of fluid control devices, wherein

21



at least one of the plurality of fluid control devices is the valve device according to

claim 4.
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