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SPECIFICATION
VALVE DEVICE
Technical Field
[0001]
The present invention relates to a valve device
as a fluid-control device used for, for example,
controlling supply of process gas in semiconductor-

processing.

Background Art
[0002]

In a film forming process for forming a thin film
on a surface of a semiconductor wafer, miniaturization
of the thin film is required, and in a recent
semiconductor process, a film-forming process called
an ALD (Atomic Layer Deposition) of forming a thin
film at an atomic level or a molecular level is used.

In such a semiconductor process, in order to
supply accurately measured process gas to a
processing chamber, a process gas supplied from a gas
box is temporarily stored in a tank as a buffer, and
the process gas from the tank is supplied to a vacuum -
atmosphere processing chamber by an open-close valve
provided in the immediate vicinity of the processing
chamber that is opened and closed at a high frequency.
For the open-close valve provided in the immediate
vicinity of the process chamber, see, for example,

Patent Literature 1 and 2.
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Patent Literature

[0003]

PTL 1: Japanese Laid-Open Patent Application No.
2007-64333

PTL 2: Japanese Laid-Open Patent Application No.
2016-121776

SUMMARY OF INVENTION
Technical Problem
[0004]

The open-close valve disclosed in Patent
Literature 1 and 2 is a so-called normally-closed type
open-close valve that is closed by a biasing force of a
spring member acting at all times, and is opened
against the biasing force of the spring member by
supplying compressed air as a driving gas to the
pressure chamber.

In a normally-closed open-close valve, it is
known that the valve opening time and the valve
closing time change depending on the pressure of the
supplied driving gas. Here, the valve opening time is a
time required from start of supply of the driving gas
to the pressure chamber of open-close valve until
completion of valve opening, and the valve closing
time is a time from start of discharge of the driving

gas accumulated in the pressure chamber until
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completion of valve closing by the biasing force of
the spring member.

In order to control the flow rate of process gas
with high precision, it is preferable that the valve
opening time and the valve closing time in each open-
close valve are as equal as possible and are
adjustable.

However, since the valve opening time and the
valve closing time depend on the set pressure of the
driving gas used by the user, it is difficult to adjust
the valve opening time and the valve closing time
according to the requirements for each user.

Even if the set pressure of the driving gas is the
same, the valve opening time and the valve closing
time may differ depending on the machine difference
between open-close valves. Since such difference may
cause unevenness in the density of process gas
supplied to the processing chamber, the valve opening
times between open-close valves provided in the
immediate vicinity of the processing chamber are
required to be matched.

[0005]

The present invention has been made in view of
the above problems, and an object of the present
invention is to provide a valve device with an
adjustment mechanism that can adjust the valve
opening time and the valve closing time in each open-

close valve or the valve opening times in the plurality
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of open-close valves to be substantially coincide with

each other.

Solution to Problem
[0006]

The valve of the present invention comprises:

a valve body defining a flow path;

a valve element for opening and closing the flow
path,

a stem for making the valve element separate and
seat in a valve seat provided in the valve body;

a spring member for constantly biasing the stem
in a valve closing direction;

a piston coupled to the stem; and

an actuator body for slidably accommodating the
piston;

the actuator body having an inside partitioned by
the piston into a pressure chamber to which a driving
gas is supplied and an air chamber communicating with
the atmosphere via a vent hole formed in the actuator
body,

the actuator body including an adjustment
mechanism capable of restricting a ventilation amount
of the vent hole.

The adjustment mechanism adjusts the valve
closing time required for valve closing and the valve
opening time required for valve opening so as to be

substantially equal to each other.
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[0007]

In the above configuration, in a state before
adjustment by the adjustment mechanism, a valve
opening movement time, which is a movement time
required for the piston to shift from a valve-closed
state to a valve-open state, and a valve closing
movement time, which is a movement time required for
the piston to shift from the valve-open state to the
valve-closed state, are different from each other.
Further, the valve opening movement time is shorter
than the valve closing movement time.

[0008]

In the above configuration, the valve opening
movement time and the valve closing movement time
are each extended by restriction of the ventilation
amount by the adjustment mechanism, and an extension
amount of the valve opening movement time is larger
than an extension amount of the valve closing
movement time.

[0009]

In the present invention, a valve opening
movement start time, which is a time required from
start of supply of the driving gas to the pressure
chamber until a force of the driving gas acting on the
piston exceeds a biasing force of the spring member to
cause the piston to start the movement, and a valve
closing movement start time, which is a time required

from start of discharge of the driving gas in the
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pressure chamber until the biasing force of the spring
member exceeds the force of the driving gas acting on
the piston, are different from each other. Further, the
valve opening movement start time is longer than the
valve closing movement start time.

[0010]

Preferably, the adjustment mechanism may have a
cover member screwed to the actuator body so as to
cover an upper outer periphery of the actuator body,
and a part of the cover member may be used to
adjustably restrict the ventilation amount of the vent
hole.

[0011]

More preferably, it is also possible to adopt a
configuration in which the adjustment mechanism
includes a cover member rotatably provided on the
actuator body so as to cover an upper outer periphery
of the actuator body,

and the cover member is formed to be capable of
adjusting the ventilation amount of the vent hole by
adjusting a rotational position with respect to the

actuator body.

Advantageous Effects of Invention
[0012]

According to the present invention, there is
provided a valve device with an adjustment mechanism

so that it is possible to adjust the valve opening time
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and the valve closing time of each open-close valve or
the valve opening times of a plurality of open-close
valves to be substantially coincident with each other

at the set pressure of the driving gases used.

Brief Description of Drawings
[0013]

FIG. 1 is a longitudinal sectional view of a valve
device according to an embodiment of the present
invention.

FIG. 2 is a cross-sectional view showing an
operation of an adjustment mechanism for restricting
the amount of ventilation.

FIG. 3 is a graph showing a relationship between
a force acting on the piston and an operation time
when there is no restriction on the amount of
ventilation.

FIG. 4 is a graph showing a relationship between
a force acting on the piston and an operation time
when the ventilation amount is restricted.

FIG. 5 is a graph showing a relationship between
a force acting on the piston and an operation time
when the ventilation amount is restricted and the
restriction amount is adjusted.

FIG. 6 is a cross-sectional view showing another
structural example of the adjustment mechanism of the

present invention and its operation.
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FIG. 7 is a sectional view showing still another
structural example of the adjustment mechanism of the
present invention.

FIG. 8A is an external perspective view from
above of the cover member of FIG.7.

FIG. 8B is an external perspective view from

below of the cover member of FIG.7.

Description of Embodiments
[0014]

Hereinafter, embodiments of the present
invention will be described with reference to the
drawings. In the description, the same elements are
denoted by the same reference numerals, and redundant
description will be omitted as appropriate.

FIG. 1 is a cross-sectional view illustrating a
configuration of a valve device 1 in an open state
according to an embodiment of the present invention.
In FIG. 1, an arrow Al, A2 indicates a vertical
direction, Al indicates an upward direction, and A2
indicates a downward direction.

Valve device 1 includes a valve body 2, a valve
seat 3, a diaphragm 4 as a valve element, a stem 7, a
bonnet 10, a coil spring 15 as a spring member, and an
actuator body 20.

[0015]
The valve body 2 is formed into a block shape of

a metal such as stainless steel, has a cylindrical
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portion 2a at an upper portion thereof, and a flow path
2b and a flow path 2c formed to allow a fluid such as
process gas to flow therethrough. A flow path 2b is
opened in a bottom surface of the cylindrical portion
2a, and a valve seat 3 made of a synthetic resin such
as PFA, PA, PI, PCTFE, PTFE is provided around the
opening of flow path 2b. The valve seat 3 is fixed to
the valve body 2 by caulking, but may be disposed
without caulking.

[0016]

The diaphragm 4 is disposed at a bottom surface
in the cylindrical portion 2a of the valve body 2 so as
to face the valve seat 3. Specifically, the peripheral
edge portion on the lower surface side of the
diaphragm 4 is supported by a support portion formed
of an annular projection formed on a bottom surface in
the cylindrical portion 2a of the valve body 2, and the
peripheral edge portion on an upper surface side of
the diaphragm 4 is pressed downward A2 by an annular
presser adapter 5, whereby the peripheral edge portion
is fixed to the valve body 2 air-tightly. That is, the
diaphragm 4 has a peripheral edge contacting the valve
body 2 air-tightly so as to define a portion of flow
path in cooperates with the valve body 2 to
communicate flow path 2b and flow path 2c.

In the present embodiment, the diaphragm 4 has a
spherical shell shape in which an upward convex

circular arc shape is in a natural state by causing a
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central portion of a metal thin plate such as special
stainless steel and a nickel-cobalt alloy thin plate to
bulge upward. The diaphragm 4 is formed to be
elastically deformable in a spherical shell shape by,
for example, a metal such as a stainless-steel or NiCo
alloy-based resin or a fluororesin. The diaphragm 4
moves between a valve closed position in which it is
pressed against the valve seat 3 and a valve open
position, that is, is separated and seated, thereby
communicating and shutting off flow path 2b and flow
path 2c.

[0017]

Bonnet 10 is connected to the valve body 2 by
being screwed into a screw portion formed on an inner
peripheral surface of the cylindrical portion 2a of the
valve body 2, whereby an annular-shaped lower end
surface of bonnet 10 presses presser adapter 5
downward and the diaphragm 4 is fixed to the valve
body 2.

[0018]

The stem 7 holds a diaphragm presser 8 at its
lower end and is connected at its upper end to the
piston rod 40, and arranged so as to be movable in the
vertical direction A1, A2 inside the bonnet 10.
Diaphragm presser 8 has a convex curved surface that
abuts the center of upper surface of the diaphragm 4,
and is a member formed of a synthetic resin such as
polyimide.

10
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[0019]

Coil spring 15 is provided so as to surround the
stem 7, a lower end portion of coil spring 15 is
received by a flanged portion 7a formed at a lower end
portion of the stem 7, and an upper end portion of coil
spring 15 is received by a ceiling surface inside
bonnet 10. Coil spring 15 is compressed from its
natural length and constantly urges the stem 7
downward toward the diaphragm 4.

[0020]

The actuator body 20 includes a main body
portion 21 and a lower lid portion 22, and a screw
portion formed on the outer periphery of the lower lid
portion 22 is screwed to a screw portion of the inner
periphery of the main body portion 21 having a lower
end opened.

A cylindrical portion 22a extending downward is
formed in a central portion of the lower lid portion
22, and a screw portion formed on an outer periphery
of the cylindrical portion 22a is screwed into a screw
hole formed in a central portion of an upper end
portion of bonnet 10, whereby the actuator body 20 is
connected to bonnet 10. The position of the actuator
body 20 with respect to bonnet 10 is locked by a lock
nut 11 which is screwed into the cylindrical portion
22a of the lower lid portion 22 and abuts against the

upper end surface of bonnet 10. The position of the
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actuator body 20 relative to bonnet 10 defines the
position of the stem 7 when the valve is fully open.
[0021]

The inside of the actuator body 20 is partitioned
into upper and lower spaces by a partition member 35
which is slidably penetrated by a piston rod 40, and a
piston 30 which engages with the piston rod 40 is
provided in the upper space so as to be slidable in the
vertical direction. A piston 36 that engages with the
piston rod 40 is provided in the lower space so as to
be slidable in the vertical direction. In FIG. 1, SR
indicates a seal member such as an O-ring.

The piston 30 partitions an upper space of the
actuator body 20 into a pressure chamber 31 and an
atmospheric chamber 32, and the piston 36 partitions a
lower space of the actuator body 20 into a pressure
chamber 37 and an atmospheric chamber 38.

The pressure chamber 31 communicates with a
flow passage 41 formed in a central portion of the
piston rod 40 via a branch passage 41a, and the
pressure chamber 37 communicates with a flow passage
41 formed in a central portion of the piston rod 40 via
a branch passage 41b. The opening at an upper end
side of the flow passage 41 of the piston rod 40
communicates with a supply passage 21c formed at an
upper center portion of the main body portion 21 of

the actuator body 20. The driving gas DG supplied

12



10

15

20

25

through the supply passage 21c is supplied to the
pressure chamber 31 and the pressure chamber 37.
[0022]

The atmospheric chamber 32 communicates with
the atmosphere through a vent hole 21a formed in an
upper portion of the main body portion 21 of the
actuator body 20.

The atmospheric chamber 38 communicates with
the atmosphere through a cylindrical part of the main
body portion 21 of the actuator body 20 and a vent
hole 21b formed in the upper part.

[0023]

A three-way valve 100 is constituted by a
solenoid valve, and when a control signal SG is turned
on, a valve (not shown) for supplying a driving gas
DG is opened to supply a driving gas DG having a
predetermined pressure to the pressure chambers 31
and 37, and the pressure inside the pressure chambers
31 and 37 is maintained at a predetermined pressure.
When the control signal SG is turned off, the valve for
supplying the driving gas DG is closed, and the supply
passage 21c is opened to the atmosphere as indicated
by a dotted line in FIG. 1, and the driving gas DG
accumulated in the pressure chambers 31 and 37 is
discharged to the outside.

[0024]
An adjustment mechanism 50 is provided in the

middle of the vent hole 21a and the vent hole 21b, and

13
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is provided to adjustably restrict the ventilation
amount of the air discharged from the atmospheric
chamber 32 and the atmospheric chamber 38 to the
outside through the vent hole 21a and the vent hole
21b, or the ventilation amount of the air sucked into
the atmospheric chamber 32 and the atmospheric
chamber 38 through the vent hole 21a and the vent
hole 21b. The adjustment mechanism 50 can adjust the
amount of ventilation by narrowing the cross-sectional
area through which the air can pass, in a part of the
vent hole 21a and the vent hole 21b.

[0025]

Specifically, a screw hole is formed so as to
cross the vent hole 21a and 21b in the radial direction
of the main body portion 21 of the actuator body 20,
and the ventilation amount is adjusted by the screw
member 51 screwed to screw hole.

The screw member 51 has a pin portion 51a in
which no screw is formed in a tip end portion, and a
groove portion 51b formed in the middle of the screw
member 51.

FIG. 2 shows an example of the restriction of the
ventilation amount by the adjustment mechanism 50,
where (a) shows a case where the restriction amount of
the ventilation amount is relatively large, (b) shows a
case where the restriction amount is middle, and (c)
shows a case where the restriction amount of the

ventilation amount is relatively small. As shown in
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(a), when the pin portion 51a enters the vent hole 21a
largely and the groove portion 51b is positioned
outside the vent hole 21b, the restriction of the vent
volume is large. On the other hand, as shown in (c),
when the pin portion 51a is retracted from the vent
hole 21a and the groove portion 51b is positioned in
the vent hole 21b, the amount of restriction of the
amount of ventilation is small. (b) is an intermediate
state between (a) and (c). In this way, by adjusting
the position of the screw member 51, it is possible to
arbitrarily adjust the restriction amount of the
ventilation amount. A lock nut 52 is provided to lock
the adjusted position of the screw member 51.

[0026]

Next, the basic operation of valve device 1 will
be described.

When the driving gas DG is not supplied to the
actuator body 20 through the supply passage 21c, the
force of coil spring 15 urges the stem 7 in the
downward direction A2, and the diaphragm 4 is
pressed by the diaphragm presser 8 and pressed
against the valve seat 3, thereby shutting off flow
path 2b and flow path 2c. This state is a valve closed
state.

[0027]

When a control signal SG to the three-way valve
100 is turned on, the driving gas DG is supplied to the
pressure chambers 31 and 37 through the supply

15
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passage 21c and the flow passage 41, whereby the
pistons 30 and 36 are pushed up in the upward
direction A1l against the force of coil spring 15. Air is
discharged from the atmospheric chambers 32 and 38
to the outside through the vent hole 21a, 21b. When
the stem 7 moves in the upward direction A1l together
with the pistons 30 and 36, the diaphragm 4 is
separated from the valve seat 3, and flow path 2b and
flow path 2c communicate with each other. Movement
of the stem 7 is restricted at a position where the
upper end surface 7b of the stem 7 moving in the
upward direction A1l abuts against the lower end
surface 22b of the cylindrical portion 22a of the
actuator body 20. The position where the movement of
the stem 7 in the upward direction Al is restricted is
a position where the valve is opened.

[0028]

When the control signal SG for the three-way
valve 100 is turned off, the supply of the driving gas
DG is cut off in the three-way valve 100, the supply
passage 21c is opened to the atmosphere, and the
driving gas DG accumulated in the pressure chambers
31 and 37 is discharged to the outside through the
supply passage 21c. When the pressure in the pressure
chambers 31 and 37 decreases, while the pistons 30
and 36 are depressed in the downward direction A2 by
the force of coil spring 15, the external air flows into

the atmospheric chambers 32 and 38 through the vent
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holes 21a ,21b, and finally, the diaphragm 4 is pressed
against the valve seat 3 to close the valve.
[0029]

Next, a method of adjusting the valve closing
time and the valve opening time by the adjustment
mechanism 50 will be described.

Here, the valve opening time is defined as the
time required from the valve closed state in which the
diaphragm 4 of the valve device 1 is pressed against
the valve seat 3 by a biasing force of coil spring 15 to
shut off the gap between flow path 2b and flow path 2c
to the valve open state in which the control signal SG
for the three-way valve 100 is turned on and the
driving gas DG having a predetermined set pressure is
supplied to the pressure chambers 31 and 37, the
piston 30 and the piston 36 are raised against the
biasing force of coil spring 15, and the stem 7 is
raised to the predetermined position to bring the valve
in an open state in which flow path 2b and flow path
2c communicate with each other.

Further, the valve closing time is a time required
from the valve open state, the control signal SG for
the three-way valve 100 is turned off, the valve for
supplying the driving gas DG in the three-way valve
100 is shut off, and the supply passage 21c is opened
to the atmosphere, whereby the driving gas DG
accumulated in the pressure chambers 31 and 37 is

discharged to the outside, the pressure in the pressure
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chambers 31 and 37 is lowered, and the diaphragm 4 of
valve device 1 is pressed against the valve seat 3 by
the biasing force of coil spring 15 to bring the valve
in a closed state.

The valve opening time and the valve closing
time are measured based on, for example, a control
signal SG and a signal from a position detector
provided in the valve device 1.

[0030]

FIG. 3 is a diagram schematically illustrating an
exemplary relation between a force acting on the
piston and time in valve device 1 in which no
adjustment is made by the adjustment mechanism 50.
In FIG. 3, the force is shown as negative when the
force acts in the downward direction A2, and shown as
positive when the force acts in the upward direction
Al. Since each numerical value is used for
simplification of explanation, it is different from the
actual numerical value.

Graph N1 shows a relation between the force and
time when shifting from the valve-closed state to the
valve-open state, and graph N2 shows the relation
between the force and time when shifting from the
valve-open state to the valve-closed state.

[0031]
In the graph N1, since coil spring 15 is initially

assembled in a retracted state from its natural length,
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a force of 600N acts on the pistons 30, 36 in the
downward direction A2 from the coil spring 15.

When the driving gas DG is introduced into the
actuator body 20, the internal pressure of the pressure
chambers 31 and 37 gradually increases, and the force
in the direction of pushing up the pistons 30 and 36 in
the upward direction Al increases. When a time of Tla
elapses from turn on of SG, the biasing force of coil
spring 15 and the force of the driving gas DG are
balanced, and thereafter, the force from the driving
gas DG exceeds the biasing force of coil spring 15,
and the pistons 30 and 36 begin to move in the upward
direction A1l. Hereinafter, a time of Tla is referred to
as a valve opening movement starting time.

After the valve opening movement start time Tla
has elapsed, the pistons 30 and 36 move in the upward
direction A1 while the coil spring 15 contracts. Air in
the atmospheric chambers 32 and 38 is discharged to
the outside through the vent holes 21a, 21b. At this
time, since the coil spring 15 contracts, the reaction
force toward the downward direction A2 of coil spring
15 increases, so that the amount of increase in the
force acting on the pistons 30 and 36 decreases, and
the slope of the graph N1 decreases.

When the pistons 30, 36 reach a predetermined
position, the pistons 30, 36 stop. Here, the time from

start of movement of the pistons 30 and 36 until they
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stop is referred to as a valve opening movement time
T1b.
[0032]

In the graph N2, when the control signal SG is
turned off and the driving gas DG accumulated in the
pressure chambers 31 and 37 is released and the
pressure decreases, the force in upward direction Al
acting on the pistons 30 and 36 gradually decreases.
After a time of T2a, the force of coil spring 15 and
the force from the driving gas DG are balanced, and
then the force of coil spring 15 exceeds the force from
the driving gas DG, so that the pistons 30 and 36
begin to move in the downward direction A2. This time
of T2a is referred to as a valve closing movement start
time T2a. As the coil spring 15 expands and the
reaction force of coil spring 15 gradually decreases
after the force of coil spring 15 and the force from the
driving gas DG are balanced, the increment of the
force becomes smaller and the slope of the graph N2
becomes smaller. When the pistons 30, 36 reach a
predetermined position, the pistons 30, 36 stop. Here,
the time from start of movement of the pistons 30 and
36 until they stop is referred to as a valve closing
movement time T2b.

[0033]

Comparing the graph N1 and the graph N2, it can

be seen that the valve opening time T1l and the valve

closing time T2 are different. Further, it can be seen
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that the valve opening movement start time Tla and
the valve closing movement start time T2a are
different, and the valve opening movement start time
Tla is longer than the valve closing movement start
time T2a. Furthermore, it can be seen that the valve
opening movement time T1b is different from the valve
closing movement time T2b, and that the valve opening
movement time T1b is shorter. That is, it can be seen
that the movement times of the pistons 30 and 36 are
different between the transition from the valve-closed
state to the valve-open state and the transition from
the valve-open state to the valve-closed state.

This difference is considered to be due to the
fact that the stiffness of coil spring 15 and the set
pressure of the driving gas DG are designed so that
the magnitude of the force acting on the pistons 30
and 36 differs between initial states at the time of
shifting from the valve open state to the valve closed
state and at the time of shifting from the valve closed
state to the valve open state.

[0034]

FIG. 4 is a diagram schematically illustrating an
exemplary relation between a force acting on the
piston in valve device 1 and the time, when the
ventilations of the vent holes 21a, 21b are restricted
by the adjustment mechanism 50.

Graph K1 shows a relationship between the force

and time when shifting from the valve-closed state to
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the valve-open state, and graph K2 shows a
relationship between the force and time when shifting
from the valve-open state to the valve-closed state. In
order to compare with the case where the ventilations
through the vent holes 21a, 21b are not restricted, the
graphs N1 and N2 described above are also shown in
FIG. 4. The set pressure of the driving gas DG used is
also the same as in FIG. 3.

[0035]

In the graph K1, the valve opening movement
start time Tla is exactly the same as the valve opening
movement start time Tla of the graph N1. In the graph
K1, as in the graph N1, the pistons 30 and 36 begin to
move in the upward direction A1 at a stage where the
force in the upward direction Al and the force in the
downward direction A2 are balanced, but by
restricting the ventilation volumes of the vent holes
2la, 21b to some extent, the air in the atmospheric
chambers 32 and 38 is less likely to be discharged to
the outside through the vent holes 21a, 21b, and this
acts on the pistons 30 and 36 as a resistive force. As a
consequence, the valve opening movement time T1lb is
extended compared to the graph N1. This extension is
referred to as Ex1. When the valve opening movement
time T1b is extended, the valve opening time T1 is
also extended.

[0036]

22
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In the graph K2, the valve closing movement
start time T2a is exactly the same as the valve closing
movement start time T2a of the graph N2. In the graph
K2, as in the graph N2, the pistons 30 and 36 begin to
move in the downward direction A2 at a stage where
the force in the upward direction Al and the force in
the downward direction A2 are balanced, but by
restricting the ventilation volumes of the vent holes
2la, 21b to some extent, the external air is less likely
to be sucked into the atmospheric chambers 32 and 38
through the vent holes 21a, 21b, and this acts on the
pistons 30 and 36 as a resistive force. As a
consequence, the valve closing movement time T2b is
extended as compared with the case of the graph N2.
This extension is referred to as Ex2. When the valve
closing movement time T2b is extended, the valve
closing time T2 is also extended.

[0037]

When the ventilation amounts of the vent holes
21la, 21b are restricted, both the valve opening time
T1 and the valve closing time T2 are extended, but it
is important that the extension amount Ex1 of the
valve opening movement time T1lb and the extension
amount Ex2 of the valve closing movement time T2b
are different from each other, and the extension
amount Ex1 is newly found to be larger than the

extension amount Ex2.
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Due to the restriction of ventilation amount by
the adjustment mechanism 50, it is considered that the
total amount of the resistive force received by the
pistons 30 and 36 does not change in any of the
operations at the time of valve opening and at the time
of valve closing. However, it is considered that the
magnitude of the resistive force per unit time due to
the restriction of ventilation amount received by the
pistons 30 and 36 becomes larger as the moving time
of the pistons 30 and 36 becomes shorter, and the
influence on the extension of the moving time of the
pistons 30 and 36 becomes larger. That is, the
restriction of ventilation amount by the adjustment
mechanism 50 has a greater effect on the extension of
the valve opening movement time T1lb as compared
with the valve closing movement time T2b. This is
considered to be the reason why the extension amount
Ex1 of the valve opening movement time T1lb is longer
than the extension amount Ex2 of the valve closing
movement time T2b.

[0038]

The method of adjusting the valve opening time
T1 and the valve closing time T2 by the adjustment
mechanism 50 of this embodiment is to adjust the
valve opening time T1 and the valve closing time T2
which are different from each other so as to be close
to each other by using the phenomena in which the

extension amount Ex1 of the valve opening movement
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time T1b is larger than the extension amount Ex2 of
the valve closing movement time T2b.

That is, if the restriction amount of the
ventilation amount of the adjustment mechanism 50 is
adjusted and the extension amount Ex1 and the
extension amount Ex2 are appropriately changed, the
valve opening time T1l and the valve closing time T2
can be adjusted substantially the same, for example,
as shown in the graphs K1A, K2A of FIG. 5. Graph
K1A shows the relation between the force and a time
in a case of shifting from the valve closed state to the
valve open state when the restriction amount of the
ventilation amount is adjusted, and the graph K2A
shows the relation between the force and time in a
case of shifting from the valve open state to the valve
closed state when the restriction amount of the
ventilation amount is adjusted.

Specifically, when they are adjusted in a
direction in which the extension amount Ex1 and the
extension amount Ex2 become smaller, that is, in a
direction in which the restriction amounts of vent
holes 21a, 21b are reduced from the state illustrated
in FIG. 4, it is possible to find the restriction
amounts of the vent holes21a, 21b in which the valve
opening time T1 and the valve closing time T2
becomes substantially equal to each other as
illustrated in FIG. 5.

[0039]
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As described above, according to this
embodiment, when the ventilation amounts of the vent
holes 21a, 21b of the actuator body 20 are not
restricted, and when the valve opening time T1 and the
valve closing time T2 differ from each other, for
example as shown in FIG. 3, under the set pressure of
the driving gas DG to be used, the valve opening time
T1 and the valve closing time T2 can be substantially
matched by adjusting the ventilation amounts of the
vent holes 21a, 21b using the adjustment mechanism
50.

[0040]

FIG. 6 shows a modification of the adjustment
mechanism. In FIG. 6, the same reference numerals are
used for the same components as those in the above-
described embodiment. Note that (a) of FIG. 6 shows a
case where the restriction amount of the ventilation
amount is relatively large, (b) shows a case where the
restriction amount of the ventilation amount is
intermediate, and (c) shows a case where the
restriction amount of the ventilation amount is
relatively small.

In the actuator body 20A shown in FIG. 6, an
outer diameter of an upper portion of the main body
portion 21A is smaller than a diameter of a lower end
portion thereof, and a screw portion 21Aa is formed on
an outer peripheral surface of the reduced diameter

portion of the main body portion 21A. The cover
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member 55 formed in a cylindrical shape is provided
so as to cover the upper outer periphery of the
actuator body 20A. A screw portion 55a is formed on
the inner peripheral surface of the cover member 55,
and screw portion 55a is screwed to thescrew portion
21Aa of the main body portion 21A. The cover member
55 is rotatable in the rotational direction R1 and the
rotational direction R2, and the cover member 55 is
moved upward with respect to the actuator body 20A
by rotating in one of the rotational direction R1 and
the rotational direction R2, and the cover member 55
is moved downward with respect to the actuator body
20A by rotating in the other of the rotational direction
R1 and the rotational direction R2.

The cover member 55 is formed so that its outer
diameter is substantially the same as the outer
diameter of the lower part of the main body portion
21A, and there is no protrusion on the outer peripheral
surface of the actuator body 20A.

The main body portion 21A includes a vent hole
21la and a vent hole 21b that are joined at an upper
end thereof and open at an outer surface of the main
body portion 21A.

[0041]

The annular protruding portion 55b formed at the
lower end portion of the cover member 55 is arranged
so as to face the merging portion 21x of the vent hole

21la and the vent hole 21b. As illustrated in (a) to (c)
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of FIG. 6, when the protruding portion 55b approaches
the merging portion 21x, the restriction amount of the
ventilation amount increases, and as the protruding
portion 55b moves away from the merging portion 21x,
the restriction amount of the ventilation amount
decreases. Therefore, by adjusting the amount of
rotation of the cover member 55, it is possible to
arbitrarily adjust the restriction amount of the
ventilation amount. The adjusted position of the cover
member 55 can be fixed by a lock screw 60 provided
on the cover member 55.

[0042]

FIG. 7 shows still another modification of the
adjustment mechanism. In FIG. 7, the same reference
numerals are used for the same components as those in
the above-described embodiment.

In the actuator body 20B shown in FIG. 7, no
screw portion is formed on the upper portion of the
main body portion 21B. An annular-shaped cover
member 55B is fitted to the outer peripheral portion
So as to cover the outer peripheral portion.

The cover member 55B is rotatable with respect
to the main body portion 21B of the actuator body 20B
in the rotational direction R1 and the rotational
direction R2, but the cover member 55B does not move
up and down with respect to the actuator body 20B

even when it is rotated.
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In the cover member 55B, as shown in FIGS. 8A
and 8B, there are formed a vent hole 55Ba which
extends in a radial direction, opens on the inner
peripheral surface 55Bf1 of the lower end side and
opens on the outer peripheral surface 55Bf2, and a
vent hole 55Bb which opens at the lower end surface
55Be and merges in the middle of the vent hole 55Ba.
In addition, a screw hole 56 into which the lock screw
60 is screwed is formed at a plurality of positions in
the cover member 55B.

The vent hole 55Ba and the vent hole 55Bb
correspond to the vent hole 21a and the vent hole 21b,
and by rotating the cover member 55B and thereby
adjusting the degree of overlap between the vent hole
55Ba and the vent hole 21a and between the vent hole
55Bb and the vent hole 21b, it is possible to adjust
the ventilation amount between the vent hole 21a and
the vent hole 21b. When the degree of overlap between
the vent hole 55Ba and the vent hole 21a and between
the vent hole 55Bb and the vent hole 21b is
maximized, the vent amount is maximized, and as the
degree of overlap decreases, the vent hole 21a and the
vent hole 21b are blocked by the inner peripheral
surface 55Bf1 and the lower end surface 55Be,
respectively, so that the vent amount also decreases.
Accordingly, by adjusting the rotational position of

the cover member 55B with respect to the actuator
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body 20B, the ventilation amounts of the vent hole 21a
and the vent hole 21b can be adjusted.

The cover member 55B of FIG. 7 does not move
up and down even if it is rotated with respect to the
main body portion 21A, and thus there is an advantage
that a step does not occur in the actuator body 20B.

A plurality of the vent holes 21a and the vent
holes 21b may be present, and in such cases, in
accordance with their numbers, the numbers of the
vent holes 55Ba, 55Bb of the cover member 55B may
be increased.

[0043]

In the above embodiment, a metallic diaphragm is
used as the valve element, but the present invention is
not limited thereto, and a valve element directly
connected to tip end portion of the stem may be used.

In the above-described embodiment, a valve
capable of adjusting the position of the actuator body
and adjusting the flow rate of flow path is used, but
the present invention is not limited thereto, and the
actuator body and the bonnet may be integrated, or a
valve in which the actuator body is directly fixed to
the valve body by a bonnet may be used.

In the above embodiment, compressed air is used
as the driving gas DG, but other gases may be used.
[0044]

Although the embodiments of the present

invention have been described in detail above, the
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present invention is not limited to such particular
embodiments, and various modifications and changes
can be made within the scope of the gist of the present

invention described in claims.

Reference Signs List
[0045]

1: Valve device

2: Valve body

2a: Cylindrical portion
2b, 2c: Flow path

3: Valve seat

4: Diaphragm

5: Presser adapter

7: Stem

7a: Flange

7b: Upper end surface
8: Diaphragm presser
10: Bonnet

11: Lock nut

15: Coil spring

20, 20A, 20B: Actuator body
21, 21A, 21B: Main body portion
21Aa: Screw portion
2la, 21b: Vent hole
21c: Supply passage
21x: Merging portion

22: Lower lid portion
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22a: Cylindrical portion
22b: Lower end surface
30: Piston

31.37: Pressure chamber
32, 38: Atmospheric chamber
35: Partition member

36: Piston

40: Piston rod

41: Flow passage

41a, 41b: Branch passage
50: Adjustment mechanism
51: Screw member

5la: Pin

51b: Groove

55, 55B: Cover member
55Ba, 55Bb: Vent hole

55Be: Lower end surface

55Bfl: Inner peripheral surface

55Bf2: Outer peripheral surface

55a: Screw portion

55b: Protruding portion

56: Screw hole

60: Lock screw

100: Three-way valve

Al: Upward direction

A2: Downward direction
DG: Driving gas

Ex1l, Ex2: Extension amount
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K1, K1A, K2, K2A, N1, N2: Graph

R1, R2: Rotational direction

SG: Control signal

T1l: Valve opening time

Tla: Valve opening movement start time
T1lb: Valve opening movement time

T2: Valve closing time

T2a: Valve closing movement start time

T2b: Valve closing movement time
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WHAT ISCLAIMED IS

1. A valve device comprising:

a valve body defining a flow path;

a valve element for opening and closing the flow
path;

a stem for making the valve body separate and
seat in a valve seat provided in the valve body;

a spring member for constantly biasing the stem
in a valve closing direction;

a piston coupled to the stem; and

an actuator body for slidably accommodating the
piston;

the actuator body having an inside partitioned by
the piston into a pressure chamber to which a driving
gas is supplied and an air chamber communicating with
the atmosphere via a vent hole formed in the actuator
body,

the actuator body including an adjustment
mechanism capable of restricting a ventilation amount
of the vent hole.
2. The valve device according to claim 1, wherein
the adjustment mechanism adjusts a valve closing time
required for valve closing and a valve opening time
required for valve opening so as to be substantially
equal to each other.
3. The valve device according to claim 2, wherein

in a state prior to adjustment by the adjustment
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mechanism, a valve opening movement time, which is a
movement time required for the piston to shift from a
valve-closed state to a valve-open state, and a valve
closing movement time, which is a movement time
required for the piston to shift from the valve-open
state to the valve-closed state, are different from each
other.

4. The valve device according to claim 3, wherein
the valve opening movement time is shorter than the
valve closing movement time.

5. The valve device according to claim 4, wherein
the valve opening movement time and the valve closing
movement time are each extended by restricting the
ventilation amount by the adjustment mechanism, and
an extension amount of the valve opening movement
time is larger than an extension amount of the valve
closing movement time.

6. The valve device according to any one of claims
1 to 5, wherein a valve opening movement start time,
which is a time required from start of supply of the
driving gas to the pressure chamber until a force of
the driving gas acting on the piston exceeds a biasing
force of the spring member to cause the piston to start
movement, and a valve closing movement start time,
which is a time required from start of discharge of the
driving gas in the pressure chamber until the biasing

force of the spring member exceeds the force of the
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driving gas acting on the piston, are different from
each other.
7. The valve device according to claim 6, wherein
the valve opening movement start time is longer than
the valve closing movement start time.
8. The valve device according to any one of claims
1 to 5, wherein the adjustment mechanism includes a
cover member screwed to the actuator body so as to
cover an upper outer periphery of the actuator body,
and a part of the cover member is used to adjustably
restrict the ventilation amount of the vent hole.
9. The valve device according to any one of claims
1 to 5, wherein the adjustment mechanism includes a
cover member rotatably provided on the actuator body
so as to cover an upper outer periphery of the actuator
body,

the cover member is formed to be capable of
adjusting a ventilation amount of the vent hole by
adjusting a rotational position with respect to the

actuator body.
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