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DIAPHRAGM VALVE, FLUID CONTROL
DEVICE, SEMICONDUCTOR
MANUFACTURING APPARATUS, AND
SEMICONDUCTOR MANUFACTURING
METHOD

TECHNICAL FIELD

[0001] The present invention relates to a diaphragm valve,
a fluid control device, a semiconductor manufacturing appa-
ratus, and a semiconductor manufacturing method. In par-
ticular, the present invention relates to a diaphragm valve
which is suitable to be used in a gas supply section of a
semiconductor manufacturing apparatus and which is down-
sized in order to contribute to downsizing of the entire
apparatus while maintaining a required flow rate, a fluid
control device provided with such a diaphragm valve, a
semiconductor manufacturing apparatus provided with this
fluid control device, and a semiconductor manufacturing
method using this semiconductor manufacturing apparatus.

BACKGROUND ART

[0002] FIG. 7 shows an example of a conventionally-
known gas supply section (fluid control device) in a semi-
conductor manufacturing apparatus (such as a CVD appa-
ratus and an etching apparatus) (Patent Literature 1).

[0003] In FIG. 7, a line (C) of the fluid control device
consists of a plurality of upper stage members and a plurality
of lower stage members. As the upper stage members, a
check valve (21), a pressure regulator (22), a pressure sensor
(23), an inverted-V-shaped-channel block (24), a shutoff-
release device (25), a mass flow controller (26), an on-off
valve (27), an inverted-V-shaped-channel block (28), and a
filter (29) are arranged. As the lower stage members, in the
order from the left, arranged are: an L-shaped-channel block
joint (32) which is connected to the check valve (21) and to
which an inlet joint (31) is attached; a V-shaped-channel
block joint (33) which causes the check valve (21) and the
pressure regulator (22) to communicate with each other; the
V-shaped-channel block joint (33) which causes the pressure
regulator (22) and the pressure sensor (23) to communicate
with each other; the V-shaped-channel block joint (33)
which causes the pressure sensor (23) and the inverted-V-
shaped-channel block (24) to communicate with each other;
the V-shaped-channel block joint (33) which causes the
inverted-V-shaped-channel block (24) and the shutoff-re-
lease device (25) to communicate with each other; the
V-shaped-channel block joint (33) which causes the shutoff-
release device (25) and the mass flow controller (26) to
communicate with each other; the V-shaped-channel block
joint (33) which causes the mass flow controller (26) and the
on-off valve (27) to communicate with each other; the
V-shaped-channel block joint (33) which causes the on-off
valve (27) and the inverted-V-shaped-channel block (28) to
communicate with each other; the V-shaped-channel block
joint (33) which causes the inverted-V-shaped-channel block
(28) and the filter (29) to communicate with each other; and
the L-shaped-channel block joint (32) which is connected to
the filter (29) and to which an outlet joint (34) is attached.
[0004] The various joint members (31) (32) (33) (34) as
the lower stage members are mounted on a long and narrow
secondary base plate (40) and the various fluid controllers
(21) (22) (23) (24) (25) (26) (27) (28) (29) as the upper stage
members are attached so as to straddle to reach correspond-
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ing lower stage members (31) (32) (33) (34), whereby one
line (C) is formed. A plurality of lines each having a
configuration similar to that of the line (C) are arranged in
parallel on a primary base plate (20), and the shutoff-release
devices (25) of the lines (C) are connected by channel
connection means (50) which consists of three I-shaped-
channel block joints (51) and tubes (52) which connect the
I-shaped-channel block joints (51), whereby the fluid control
device is formed.

[0005] A semiconductor manufacturing process is carried
out in a clean room in order to prevent pattern defect due to
particle contamination. In proportion to increase of the
volume of the clean room, initial cost for the construction
and running cost increase. Increase of the running cost and
so on lead to increase of manufacturing cost. Therefore,
downsizing of the entire semiconductor manufacturing
apparatus, which is permanently installed to be used in the
clean room, has been a problem. Consequently, downsizing
of the fluid control device, which is used in the semicon-
ductor manufacturing apparatus, has also been a major
challenge.

[0006] As adownsized diaphragm valve, Patent Literature
2 discloses a diaphragm valve comprising: a body provided
with a fluid inflow channel, a fluid outflow channel, and a
depression which is open upward; a seat disposed on a
peripheral edge of the fluid inflow channel of the body; a
spherical-shell-shaped diaphragm which is elastically
deformable and which is pressed against and separated from
the seat to close and open the fluid inflow channel, respec-
tively; a press adapter which holds an outer peripheral edge
portion of the diaphragm between the press adapter and a
bottom surface of the depression of the body; a diaphragm
presser which presses a center portion of the diaphragm; and
vertical movement means which vertically moves the dia-
phragm presser.

[0007] For the diaphragm valve, improvement of the dura-
bility of the diaphragm is important because the diaphragm
greatly deforms every time open and close operations are
performed.

[0008] When the diaphragm valve is downsized, the dia-
phragm is also downsized. With these downsizing, a space
width between the seat and the diaphragm is narrowed,
whereby the flow rate decreases. When the space width
between the seat and the diaphragm is enlarged in order to
prevent the decrease of the flow rate, the stroke of the
diaphragm becomes greater, which causes a problem that the
durability of the diaphragm is decreased, as a result.
[0009] Under the circumstances, Patent Literature 2
attempts to improve the durability by: the feature that the
press adapter is tapered with an entire lower surface thereof
having a predetermined angle of inclination, and the bottom
surface of the depression of the body has a circular flat
portion and a depressed portion which is contiguous to an
outer periphery of the flat portion and which is depressed
relative to the flat portion, wherein, in a state where the fluid
channel is open, an upper surface of the outer peripheral
edge portion of the diaphragm comes in surface contact with
the tapered lower surface of the press adapter, and a lower
surface of the outer peripheral edge portion comes in line
contact with the outer periphery of the flat portion of the
bottom surface of the depression of the body; and the feature
that the taper angle of the lower surface of the press adapter
is 15.5 to 16.5° relative to the flat portion of the bottom
surface of the depression of the body and that the radius of
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curvature of a surface of the diaphragm presser which
surface is in contact with the diaphragm is 10.5 to 12.5 mm.

CITATION LIST

Patent Literature

[0010] Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 2006-83959

[0011] Patent Literature 2: Japanese Unexamined Patent
Application Publication No. 2014-9765

SUMMARY OF INVENTION

Technical Problem

[0012] As discussed above, downsizing of the semicon-
ductor manufacturing apparatus of each type is a problem to
be solved, and therefore downsizing of the diaphragm valve
which is used in the gas supply section is also required.
[0013] In downsizing the diaphragm valve, improvement
of the durability is a problem. When improvement of the
durability is attempted, there arises a problem of improve-
ment of the flow rate. According to Patent Literature 2,
although the improvement of the durability of the small-
sized diaphragm valve has been attempted, there has been a
problem of increasing the flow rate since reduction of the
flow rate is great.

[0014] An object of the present invention is to provide a
diaphragm valve which is capable of increasing the flow rate
without entailing a decrease in durability of the downsized
diaphragm valve.

[0015] Further, another object of the present invention is
to provide a fluid control device provided with such a
diaphragm valve, a semiconductor manufacturing apparatus
provided with the fluid control device, and a semiconductor
manufacturing method in which the semiconductor manu-
facturing apparatus is used.

Solution to Problem

[0016] The diaphragm valve in accordance with the pres-
ent invention is a diaphragm valve comprising: a body
provided with a fluid inflow channel, a fluid outflow chan-
nel, and a depression which is open upward; a seat disposed
on a peripheral edge of the fluid inflow channel of the body;
a spherical-shell-shaped diaphragm which is elastically
deformable and which is pressed against and separated from
the seat to close and open the fluid inflow channel, respec-
tively; a press adapter which holds an outer peripheral edge
portion of the diaphragm between the press adapter and a
bottom surface of the depression of the body; a diaphragm
presser which presses a center portion of the diaphragm; and
vertical movement means which vertically moves the dia-
phragm presser; wherein a flat portion of the bottom surface
of the depression of the body is provided with a groove so
as to include a portion of the fluid outflow channel, which
portion is open to the bottom surface of the depression.
[0017] A fluid which has flowed in from the fluid inflow
channel flows into a space surrounded by the bottom surface
of the depression of the body and the diaphragm to flow out
through the fluid outflow channel to the outside.

[0018] It is preferred that: the press adapter is tapered with
an entire lower surface thereof having a predetermined angle
of inclination; the bottom surface of the depression of the
body has a circular flat portion and a depressed portion
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which is contiguous to an outer periphery of the flat portion
and which is depressed relative to the flat portion; and, in a
state where the fluid channel is open, an upper surface of the
outer peripheral edge portion of the diaphragm comes in
surface contact with the tapered lower surface of the press
adapter, and a lower surface of the outer peripheral edge
portion comes in line contact with the outer periphery of the
flat portion of the bottom surface of the depression of the
body.

[0019] With this configuration, in a state where the fluid
channel is open (normally, a state where the diaphragm
protrudes upward to have the shape of a spherical shell), the
upper surface of the outer peripheral edge portion of the
diaphragm is in surface contact with the lower surface of the
press adapter, whereby deformation from the state of the
spherical shell shape, which is in the natural condition, is
suppressed to be a slight deformation. In addition, the lower
surface of the outer peripheral edge portion of the diaphragm
is in line contact with the outer periphery of the flat portion
of'the bottom surface of the depression of the body, whereby,
in a state where the diaphragm is held by the press adapter
and the body, the state in which deformation from the state
of'the spherical shell shape, which is in the natural condition,
is also suppressed to be a slight deformation, is maintained.
In other words, the outer peripheral edge portion of the
diaphragm which is elastically deformable and which has
the shape of a spherical shell does not have a flat-shaped
section which is undeformable and which bends relative to
a spherical-shell-shaped section, whereby partial concentra-
tion of stress is avoided, deformation of the diaphragm is
optimized, and durability of the diaphragm is improved.
[0020] Here, in order to improve the durability of the
diaphragm, it is preferred that the height (stroke) of the
diaphragm be suppressed, but, since a decrease in the stroke
results in a decrease in the flow rate, increasing the flow rate
without changing the shape of the diaphragm is desired.
[0021] Thus, the diaphragm valve of the present invention
is configured such that the flat portion of the bottom surface
of the depression of the body is provided with a groove so
as to include a portion of the fluid outflow channel, which
portion is open to the bottom surface of the depression. With
this configuration, the fluid outflow channel may have an
enlarged inlet area so that the flow rate may be increased
without changing the shape of the diaphragm.

[0022] The groove is provided such that an outer periphery
of the flat portion, for supporting the outer peripheral edge
portion of the diaphragm, remains to exist. An inner periph-
ery of the groove may be configured not to be contiguous to
the seat (the groove is an annular groove), and may be
configured to be contiguous to a portion that holds the seat
(the groove is a so-called “spot facing™). In a case of the
annular groove, the height of the portion that holds the seat
is the same as that of the outer periphery of the flat portion,
for supporting the outer peripheral edge portion of the
diaphragm. In a case of the spot facing, the height of the
portion that holds the seat is lowered by the amount of the
spot facing.

[0023] The fluid outflow channel has a cross-sectional
shape of a circular hole in most cases. The diameter is set
according to the diameter of the fluid inflow channel, the
space width between the seat and the diaphragm, and the
like.

[0024] The fluid outflow channel may have a cross-sec-
tional shape of an elongated hole instead of the circular hole.
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For example, in the case where the cross-sectional area is to
be enlarged, if the cross-sectional shape is made an elon-
gated hole, it becomes possible to obtain a cross-sectional
area which cannot be obtained in the case of the circular
hole.

[0025] The diaphragm valve may be a manually operated
valve in which the vertical movement means is an open/
close handle and the like, or may be an automatically
operated valve in which the vertical movement means is an
appropriate actuator. In the case of the automatically oper-
ated valve, the actuator may be operated by means of fluid
pressure (air pressure), or may be operated by means of an
electromagnetic force.

[0026] In the present description, the movement direction
of a stem of the diaphragm valve is referred to as a vertical
direction. This direction is however used for convenience,
and in the actual attachment, not only the vertical direction
is made the up-down direction, but also the vertical direction
is made the horizontal direction.

[0027] The fluid control device in accordance with the
present invention is a fluid control device including an on-off
valve as a fluid controller, wherein the on-off valve is the
above-described diaphragm valve.

[0028] The above-described diaphragm valve may be
downsized while the required flow rate is maintained. It is
possible to obtain a downsized fluid control device by using
the diaphragm valve as an on-off valve of the fluid control
device.

[0029] Such a fluid control device contributes to down-
sizing of a semiconductor manufacturing apparatus by being
used in the semiconductor manufacturing apparatus.
[0030] In addition, the semiconductor manufacturing
apparatus in accordance with the present invention includes
the above-described fluid control device as a gas supply
section.

[0031] The above-described fluid control device is down-
sized because the above-described diaphragm valve is used.
[0032] Therefore, the semiconductor manufacturing appa-
ratus including such a fluid control device as a gas supply
section is downsized.

[0033] The semiconductor manufacturing apparatus may
be either one of a CVD apparatus, a spattering apparatus, or
an etching apparatus.

[0034] Furthermore, in the semiconductor manufacturing
method in accordance with the present invention, semicon-
ductors are manufactured using the above-described semi-
conductor manufacturing apparatus.

[0035] By using the downsized semiconductor manufac-
turing apparatus, the footprint in the clean room is reduced,
running costs for the clean room (manufacturing costs) are
reduced, and therefore the semiconductors may be obtained
using a more inexpensive manufacturing method.

Advantageous Effects of Invention

[0036] In the diaphragm valve in accordance with the
present invention, a flat portion of the bottom surface of the
depression of the body is provided with a groove so as to
include a portion of the fluid outflow channel, which portion
is open to the bottom surface of the depression. With this
configuration, increased flow rate may be obtained without
entailing a decrease in durability of the downsized dia-
phragm valve.
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BRIEF DESCRIPTION OF DRAWINGS

[0037] FIG. 1 shows a diaphragm valve according to a first
embodiment of the present invention. FIG. 1A is a vertical
cross-sectional view of the principal components. FIG. 1B is
a plan view of FIG. 1A from which a diaphragm is removed.
[0038] FIG. 2 shows dimensions for the components of the
diaphragm valve according to the first embodiment, which is
comparable with FIG. 6.

[0039] FIG. 3 shows a diaphragm valve according to a
second embodiment of the present invention. FIG. 3A is a
vertical cross-sectional view of the principal components.
FIG. 3B is a plan view of FIG. 3A from which a diaphragm
is removed.

[0040] FIG. 4 shows a diaphragm valve according to a
third embodiment of the present invention. FIG. 4A is a
vertical cross-sectional view of the principal components.
FIG. 4B is a plan view of FIG. 4A from which a diaphragm
is removed.

[0041] FIG. 5 is a vertical cross-sectional view showing
the entire configuration of the diaphragm valve according to
each embodiment of the present invention.

[0042] FIG. 6 shows dimensions for the components of a
conventional diaphragm valve.

[0043] FIG. 7 is a side elevational view showing one
example of a fluid control device for a semiconductor
manufacturing apparatus, in which the diaphragm valve in
accordance with the present invention is used.

REFERENCE SIGNS LIST

[0044] (1): diaphragm valve, (2): body, (2a): fluid inflow
channel, (256): fluid outflow channel, (2¢): depression, (4):
seat, (5): diaphragm, (6): diaphragm presser, (7): stem, (8):
press adapter, (14): bottom surface, (14a): flat portion,
(14b): depressed portion, (14¢): outer periphery, (15): spot
facing (groove), (16): annular groove, (17): elongated hole

DESCRIPTION OF EMBODIMENTS

[0045] Embodiments of the present invention will now be
described with reference to the drawings. In the following
description, the “upper” and “lower” sides in FIG. 5 will be
referred to as “upper” and “lower”, respectively. The “right”
and “left” sides in FIG. 5 will be referred to as “right” and
“left”, respectively.

[0046] FIG. 5 shows a basic configuration of the dia-
phragm valve (1) in accordance with the present invention.
The diaphragm valve (1) is provided with: a block-shaped
body (2) having a fluid inflow channel (2a), a fluid outflow
channel (25), and a depression (2¢) which is open upward;
a cylindrical bonnet (3) which has a lower end portion
screwed into an upper portion of the depression (2¢) of the
body (2) to extend upward; an annular seat (4) provided on
a peripheral edge of the fluid inflow channel (24); a dia-
phragm (5) which is pressed against or separated from the
seat (4) to close or open the fluid inflow channel (2a),
respectively; a diaphragm presser (6) which presses a center
portion of the diaphragm (5); a stem (7) which is inserted
into the bonnet (3) in a freely movable manner in the vertical
direction to press the diaphragm (5) against the seat (4) or
separate the diaphragm (5) from the seat (4) via the dia-
phragm presser (6); a press adapter (8) which is disposed
between a lower end surface of the bonnet (3) and a bottom
surface of the depression (2¢) of the body (2) and which
holds an outer peripheral edge portion of the diaphragm (5)
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between the press adapter (8) and the bottom surface of the
depression (2¢) of the body (2); a casing (9) which has a top
wall (9a) and which is screwed into the bonnet (3); a piston
(10) which is integrated with the stem (7); a compression
coil spring (biasing member) (11) which biases the piston
(10) downward; an operational air introduction chamber
(12) provided on a lower surface of the piston (10); and an
operational air introduction channel (13) through which
operational air is introduced into the operational air intro-
duction chamber (12).

[0047] In a channel open state shown in FIG. 1, a fluid
which has flowed in from the fluid inflow channel (2a) flows
into a space surrounded by the bottom surface of the
depression (2¢) of the body (2) and the diaphragm (5) to flow
out through the fluid outflow channel (24) to the outside.
[0048] The diaphragm (5) has the shape of a spherical
shell, having an arc shape curving upward in a natural state.
The diaphragm (5), for example, is made of a nickel alloy
thin sheet, which is cut out into the shape of a circle, and is
formed into a spherical shell having the center portion
bulging upward. In some cases, the diaphragm (5) is made
of a stainless steel thin sheet, and is made of a layered
product formed of a stainless steel thin sheet and a nickel-
cobalt alloy thin sheet.

[0049] FIG. 6 shows a main portion of a small-sized
diaphragm valve, which the diaphragm valve in accordance
with the present invention regards as a conventional art. In
FIG. 6, the press adapter (8) is tapered with an entire lower
surface (8a) thereof having a predetermined angle of incli-
nation. The bottom surface (14) of the depression (2¢) of the
body (2) has a circular flat portion (14a) and a depressed
portion (14b) which is contiguous to an outer periphery of
the flat portion (14a) and which is depressed relative to the
flat portion (14a).

[0050] The press adapter (8) is fixed in a state of coming
in contact with the upper surface of the outer peripheral edge
portion of the diaphragm (5), by the bonnet (3) being
screwed into the body (2). At this time, the diaphragm (5) is
held between the press adapter (8) and the bottom surface
(14) of the depression (2¢) of the body (2), in a state where
the upper surface of the outer peripheral edge portion of the
diaphragm (5) is in surface contact (contact over a wide
range) with the tapered lower surface (8a) of the press
adapter (8) in which the diaphragm (5) hardly deforms from
its spherical shell shape (circular arc shape curving upward),
since the entire lower surface (8a) of the press adapter (8) is
tapered. In addition, since the outer peripheral edge portion
of the bottom surface (14) of the depression (2¢) of the body
(2) is provided with a depressed portion (145), the outer
peripheral edge portion of the diaphragm (5) is accommo-
dated in the depressed portion (145).

[0051] Consequently, the outer peripheral edge portion of
the diaphragm (5) is not subject to a deformation along the
bottom surface (14) of the depression (2¢) of the body (2),
and the lower surface of the outer peripheral edge portion of
the diaphragm (5) comes in line contact with the outer
periphery (diaphragm support portion) (14c¢) of the flat
portion (14a) of the bottom surface (14) of the depression
(2¢).

[0052] As shown in FIG. 6A, as for specific numerical
values for each component, the diameter (L) of the dia-
phragm (5) is O, the height (H) of the diaphragm (5) is 0.65
mm, and the radius of curvature (SR1) of the diaphragm (5)
is SR13.5. As shown in FIG. 6B, the taper angle (0) of the
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lower surface (8a) of the press adapter (8) is 16° relative to
the flat portion (14a) of the bottom surface (14) of the
depression (2¢) of the body (2). The radius of curvature
(SR2) of a surface (6a) of the diaphragm presser (6), which
surface is in contact with the diaphragm (5), is SR12. The
height (D) of the seat (4) from the flat portion (reference
plane) (14a) of the bottom surface (14) of the depression
(2¢) is D=0.2 mm.

[0053] FIGS. 1 and 2 show a main portion of the dia-
phragm valve (1) according to the first embodiment of the
present invention.

[0054] This embodiment is different from the conven-
tional art in that, as shown in FIG. 1, the flat portion
(reference plane) (14a) of the bottom surface (14) of the
depression (2¢) of the body (2) is provided with a spot facing
(15) so as to include a portion of the fluid outflow channel
(2b), which portion is open to the bottom surface (14) of the
depression (2¢).

[0055] The spot facing (15) is provided such that the outer
periphery (14¢) of the flat portion (14a) for supporting the
outer peripheral edge portion of the diaphragm (5) remains
to exist. Because the spot facing (15) is provided, the fluid
outflow channel (25) formed at the bottom surface (14) of
the depression (2¢) of the body (2) has an enlarged inlet area.
In addition, the height of the portion holding the seat (4) at
the bottom surface (14) of the depression (2¢) of the fluid
outflow channel (26) is lowered by an amount corresponding
to the spot facing (15).

[0056] The embodiment is different from the conventional
art in that, as shown in FIG. 2A, further, the height (H) of the
diaphragm (5) is 0.4 mm, and the radius of curvature (SR1)
of the diaphragm (5) is SR23. The diameter (L) of the
diaphragm (5) is ¢8, which is same as in the conventional
art. In addition, as shown in FIG. 2B, the radius of curvature
(SR2) of the surface (6a) of the diaphragm presser (6),
which surface is in contact with the diaphragm (5), is SR42,
and the taper angle (0) for the lower surface (8a) of the press
adapter (8) is 9°. The distance C, from the outer periphery
(diaphragm support portion which is in close contact with
the outer peripheral edge portion of the diaphragm (5) under
pressure) (14¢) of the flat portion (14a) of the depression
(2¢) when the valve is open, to the vertex of the diaphragm
(5) is 0.35 mm.

[0057] In other words, the radius of curvature (SR2) of the
surface (6a) of the diaphragm presser (6), which surface (6a)
is in contact with the diaphragm (5), is enlarged, whereby
increase of the contact area between the diaphragm presser
(6) and the diaphragm (5) is attempted, which leads to
reduction in load at a center of the diaphragm (5). Further-
more, the taper angle (0) for the lower surface (8a) of the
press adapter (8) is set such that the lower surface (8a) is
along the diaphragm (5), and in order to prevent interference
with the diaphragm presser (6), an inner diameter of the
press adapter (8) is large.

[0058] Regarding the height of the seat (4) in the first
embodiment, D is 0.05 mm (in the drawings, 0), as com-
pared with D=0.2 mm in the conventional art, which is
adjusted to conform to the shape of the diaphragm (5). In
association with this adjustment, the amount of lifting of the
diaphragm (5) is 0.27 mm, which is less than conventional
0.37 mm by 0.1 mm.

[0059] It should be noted that the diaphragm (5) is formed
of two laminated sheets of diaphragms each having a
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thickness of 0.05 mm. This configuration is the same
between the conventional art and the present embodiment.

[0060] The vertex of the diaphragm (5) is defined as a
vertex of the upper surface of the diaphragm at the lower-
most layer (on the liquid-contact side). This means that in
the case of the diaphragm (5) formed of two laminated
sheets of diaphragms, the vertex which passes through the
center of its thickness is the vertex of the diaphragm (5). The
above-described definition is based on evaluation results
that, in considering the durability, when one layer of the
diaphragm is focused on, a distance between a fixation point
(support point=diaphragm support portion (14¢) of the body
(2)) of the diaphragm, and a press point (power point=point
of contact with the diaphragm presser (6)=vertex of the
spherical cover part of the diaphragm (5)) becomes a major
factor with which the durability is determined.

[0061] In the case where the diaphragm 5 is formed of one
diaphragm, the vertex of the diaphragm (5) becomes the
vertex of the upper surface of the diaphragm (5). In the case
where the diaphragm 5 is formed of three or more dia-
phragms, the vertex is defined in the same manner as in the
case of the two diaphragms. As long as dimensions of one
sheet of the diaphragm as a component are the same, the
diaphragm (5) has a vertex in the same manner as in the case
of one sheet of diaphragm, or four sheets of diaphragms.

[0062] Tables 1 and 2 show results of comparison between
the diaphragm valve according to the first embodiment
shown in FIGS. 1 and 2 (small-sized diaphragm valve) and
a conventional small-sized diaphragm valve shown in FIG.
6.

[0063] Table 1 shows differences between the diaphragm
valve according to the first embodiment and the conven-
tional small-sized diaphragm valve shown in FIG. 6. Table
2 shows the specifications and performances, as compared
with the existing diaphragm valve having a common size
(standard).

TABLE 1
Conventional First
Name of component Modified point art embodiment
Diaphragm Height 0.65 mm 0.4 mm
SR 13.5 mm 23 mm
Seat Seat Height +0.2 mm +0.05 mm
Diaphragm presser Leading end shape SR12 SR42
Press adapter Contact surface angle 16° 9°
TABLE 2
Small size
(Conventional Small size
Standard Art) (Embodiment)
Total height (mm) 67 42 42
Body dimension (mm) 57 32 32
Casing dimension D40 D19 D19
(mm)
Maximum working 1.0 0.5 0.5
pressure (MPa)
Operating temperature -10 to 80 -10 to 80 -10 to 80

range (° C.)
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TABLE 2-continued

Small size
(Conventional Small size

Standard Art) (Embodiment)
Cv value 0.3 0.02 0.04
Weight (g) 327 35 35
Working Pressure (MPa) 0.4 to0 0.6 0.4 to 0.6 0.4 to 0.6
Durable number of at least 4 100 to 300 at least 4
times million times thousand million times

times

[0064] It is noted from Table 2 that the diaphragm valve
according to the embodiment is small-sized, but has an
extremely excellent durability, which durability is compa-
rable to that of the diaphragm valve having a standard size,
and that the diaphragm valve according to the embodiment
has not only improved durability but also increased Cv value
as compared to the conventional art having the same small
size. The Cv value is a flow coefficient for the valve, which
is a value representing a flow rate when the fluid flows
through the valve under the pressure drop across the valve.
[0065] Regarding the durability for these small-sized dia-
phragm valves, the durability of the diaphragm valve of the
embodiment is vastly improved. This is because, in the
embodiment, the shape (SR) of diaphragm presser (6) is
made SR42 and the taper angle (0) of the press adapter (8)
is made 9°. When the index for the durable number of time
is set “four million times” which is comparable to the
conventional art, the durable number of times turned out to
be at least four million times. Considering that the dia-
phragm valve according to the embodiment has sufficient
durability, it is considered to be appropriate to set a condi-
tion for securing about four million times for durability, such
that the radius of curvature (SR) of the surface of the
diaphragm presser (6), which surface is in contact with the
diaphragm (5), is at least 30 mm, and that the taper angle (8)
for the lower surface of the press adapter (8) is no more than
10° relative to the flat portion (14a) of the bottom surface
(14) of the depression (2¢) of the body (2).

[0066] In addition, from the fact that distance C, from the
outer periphery (diaphragm support portion which is in close
contact with the outer peripheral edge portion of the dia-
phragm (5) under pressure) (14¢) of the flat portion (14a) of
the bottom surface (14) of the depression (2¢) when the
valve is open, to the vertex of the diaphragm (5) is 0.35 mm,
the following holds true. When the valve is open, a ratio of
diameter L of the diaphragm (5), to a distance (C) from the
diaphragm support portion (14¢) of the bottom surface (14)
of the depression (2¢) of the body (2), which bottom surface
is in close contact with the diaphragm (5) under pressure, to
a vertex of the diaphragm (5) is preferably 18:1 to 30:1.
[0067] In the above, since L is 0, the preferable range for
C in the case where L. is 0 is 0.27 mm to 0.44 mm (about 0.25
mm to 0.45 mm).

[0068] In the case where a ratio of the diameter of the
diaphragm (5), to a distance from the bottom surface (14) of
the depression (2¢) of the body (2) (the height of the vertex
of the diaphragm (5)), which bottom surface is in close
contact with the diaphragm (5) under pressure, to the vertex
of the diaphragm is less than 18:1 (in the case where C
exceeds 0.45 mm), the durability greatly decreases. In the
case where the ratio exceeds 30:1 (in the case where C is less
than 0.25 mm), the flow rate is significantly insufficient. By
making the above-described ratio 18:1 to 30:1, a diaphragm
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valve which is small-sized and excellent in durability and,
further, which is also excellent in terms of securing the flow
rate may be obtained.

[0069] The comparison between the small-sized dia-
phragm valves revealed that the Cv value for the embodi-
ment is twice as great as that for the conventional art. What
contributes to this revelation is the configuration that the flat
portion (14a) of the bottom surface (14) of the depression
(2¢) of the body (2) is provided with a spot facing (15) so as
to include a portion of the fluid outflow channel (25), which
portion is open to the bottom surface (14) of the depression
(2¢). That is, the provision of the spot facing (15) and the
enlargement of the inlet area of the fluid outflow channel
(2b) result in the Cv value which is twice as high as the
conventional art.

[0070] Generally, in the case where the radius of curvature
of the diaphragm (5) is enlarged from SR13.5 to SR23, the
Cv value decreases. That is to say, in the present embodi-
ment, not only reduction of the flow rate in association with
the shape change of the diaphragm (5) is compensated for,
but also the flow rate is greatly increased.

[0071] As described above, in the embodiment, the Cv
value and the durability of the diaphragm, which are oppos-
ing performances, are compatible with each other at high
levels.

[0072] In order to increase the Cv value, instead of pro-
viding the spot facing (15) (almost entire surface of the flat
portion (14a) of the bottom surface (14) of the depression
(2¢) is cut), an annular groove (16) which includes a portion
of the fluid outflow channel (26), which portion is open to
the bottom surface (14) of the depression (2¢), may be
formed as shown in FIG. 3.

[0073] The depth of the annular groove (16) is greater than
the depth of the spot facing (15). In the case of the annular
groove (16), a portion which holds the seat (4) has the same
shape as the conventional art.

[0074] In the case of the annular groove (16), crimping of
the seat (4) may be performed from both the outer diameter
side and the inner diameter side of the seat (4) whereby the
seat (4) may be fixed tightly.

[0075] In the case of the spot facing (15), the crimping of
the seat (4) is performed from only the inner diameter side.
By providing the spot facing (15), the fluid outflow channel
(2b) has an enlarged inlet area and the Cv value becomes
great, as compared to the case of the annular groove (16).
[0076] In order to increase the Cv value further, as shown
in FIG. 4, not only the spot facing (15) may be provided, but
also the cross-sectional shape of the fluid outflow channel
(26) may be an elongated hole (17).

[0077] The cross-sectional shape of the elongated hole
(17) may be, as shown in the drawings, one which is formed
by adding semi-circular portions to both ends of the rect-
angular portion, may be an ellipse, or may be a crescent
which conforms to the shape of the spot facing (15).
[0078] The elongated hole (17) may be combined with the
annular groove (16) shown in FIG. 3. That is, in FIG. 3, the
cross-sectional shape of the fluid outflow channel (25),
which is circular, may be the elongated hole (17) the
cross-sectional shape of which is shown in FIG. 4.

[0079] In the above-described diaphragm valve, the stem
(7), the piston (10), the compression coil spring (biasing
member) (11), the operational air introduction chamber (12),
the operational air introduction channel (13), and so on
constitute vertical movement means which causes the dia-
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phragm presser (6) to move vertically. However, the con-
figuration of the vertical movement means is not limited to
one shown in FIG. 1.

[0080] The above-described diaphragm valve may be used
as an on-off valve in the fluid control device shown in FIG.
7, for example. Since the diaphragm valve is downsized and
is excellent in durability, the fluid control device which uses
such a diaphragm valve is suitable to be used as a gas supply
section in the semiconductor manufacturing apparatus,
which has a problem of downsizing.

[0081] Examples of the semiconductor manufacturing
apparatus include a CVD apparatus, a spattering apparatus,
and an etching apparatus.

[0082] The CVD apparatus is an apparatus which forms a
passivation film (oxide film) on a wafer and which is
composed of energy supply means, a vacuum chamber, gas
supply means (a fluid control device), and gas exhaust
means.

[0083] The etching apparatus (dry etching apparatus) is an
apparatus which treats a material surface or the like by
means of a corrosive action of a gas having reactivity and
which is composed of energy supply means, a treatment
chamber, gas supply means (a fluid control device), and gas
exhaust means.

[0084] The spattering apparatus is an apparatus which
forms a film on a surface of the material and which is
composed of a target, energy supply means, a vacuum
chamber, gas supply means (a fluid control device), and gas
exhaust means.

[0085] In the semiconductor manufacturing apparatus
selected from among the CVD apparatus, the spattering
apparatus and the etching apparatus, gas supply means (a
fluid control device) is an essential configuration, and,
therefore, downsizing the gas supply means enables down-
sizing of the semiconductor manufacturing apparatus.
[0086] The fluid control device is not limited to one shown
in FIG. 7. The semiconductor manufacturing apparatus is
not limited at all.

INDUSTRIAL APPLICABILITY

[0087] The present invention is capable of increasing the
flow rate without entailing a decrease in durability of the
downsized diaphragm valve. Therefore, the present inven-
tion contributes to improvement of the performances of the
diaphragm valve, the fluid control device provided with the
diaphragm valve, the semiconductor manufacturing appara-
tus provided with the diaphragm valve, and the like.

1. A diaphragm valve comprising:

a body provided with a fluid inflow channel, a fluid
outflow channel, and a depression which is open
upward;

a seat disposed on a peripheral edge of the fluid inflow
channel of the body;

a spherical-shell-shaped diaphragm which is elastically
deformable and which is pressed against and separated
from the seat to close and open the fluid inflow channel,
respectively;

a press adapter which holds an outer peripheral edge
portion of the diaphragm between the press adapter and
a bottom surface of the depression of the body;

a diaphragm presser which presses a center portion of the
diaphragm; and

vertical movement means which vertically moves the
diaphragm presser;
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wherein a flat portion of the bottom surface of the depression
of the body is provided with a groove so as to include a
portion of the fluid outflow channel, which portion is open
to the bottom surface of the depression.

2. The diaphragm valve according to claim 1, wherein the
fluid outflow channel has a cross-sectional shape of an
elongated hole.

3. A fluid control device comprising an on-off valve as a
fluid controller, wherein the on-off valve is the diaphragm
valve according to claim 1.

4. The fluid control device according to claim 3, wherein
the fluid control device is used in a semiconductor manu-
facturing apparatus.

5. A semiconductor manufacturing apparatus comprising
the fluid control device according to claim 3 as a gas supply
section.

6. The semiconductor manufacturing apparatus according
to claim 5, wherein the semiconductor manufacturing appa-
ratus is a CVD apparatus, a spattering apparatus, or an
etching apparatus.

May 11,2017

7. A semiconductor manufacturing method, wherein a
semiconductor is manufactured using the semiconductor
manufacturing apparatus according to claim 6.

8. A fluid control device comprising an on-off valve as a
fluid controller, wherein the on-off valve is the diaphragm
valve according to claim 2.

9. The fluid control device according to claim 8, wherein
the fluid control device is used in a semiconductor manu-
facturing apparatus.

10. A semiconductor manufacturing apparatus comprising
the fluid control device according to claim 8 as a gas supply
section.

11. The semiconductor manufacturing apparatus accord-
ing to claim 10, wherein the semiconductor manufacturing
apparatus is a CVD apparatus, a spattering apparatus, or an
etching apparatus.

12. A semiconductor manufacturing method, wherein a
semiconductor is manufactured using the semiconductor
manufacturing apparatus according to claim 11.
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