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TITLE OF THE INVENTION

FLUID CONTROL APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to £luid control
apparatus, for example, for use in semiconductor manu-
facturing equipment.

The terms “upper" and "lower" as used herein refer
respectively to the upper and lower sides of FIG. 1.
However, these terms are used for the sake of conve-
nience; the apparatus to be described can be used as
turned upside down or as laid on its side.

It is required in recent years that the fluid con-
trol apparatus for use in semiconductor manufacturing
equipment be installable in a diminished@ space and have
channels of reduced volume. To fulfill this require-
ment, JP-A No. 172265/1993 proposes a unit of at least
three monofunctional members (such as a filter, massflow
controller and on-off valve) which are directly connect-
ed together (integrated).

In addition to the above requirement, a decrease in
the number of components, ease of maintenance and re-
duced pressure losses are also required of the fluid

control apparatus for use in semiconductor manufacturing
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equipment. No fluid control apparatus meeting these
requirements are known at present.
SUMMARY OF THE INVENTION

An object of the present invention is to provide a
£fluid control apparatus which fulfills all the
requirements of integration, reduction in the number of
components and facilitated maintenance.

Another object of the invention is to provide a
fluid control apparatus which further fulfills the
requirement of reduced pressure losses.

The present invention provides a fluid control
apparatus comprising a plurality of fluid control
members arranged af an upper level and a plurality of
couplings arranged at a lower level, at least one of the
fluid control members comprising a plurality of
monofunctional members integrally provided on a
blocklike body, the blocklike body being mounted on at
least one of the qouplings so as to be removable upward.

Examples of monofunctional members are on-off
valves, pressure regulators, filters, pressure sensors,
etc. The fluid control member is, for example, a unit
of two or three on-off valves as mounted on a blocklike
body, or a unit of a pressure regulator and a pressure

sensor which are mounted on a blocklike body.
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With the fluid control apparatus of the invention, a
plurality of monofunctional members are integrally
provided on a blocklike body. This reduces the number
of components such as blocklike bodies and seal members.
When there arises a need to replace one of the plurality
of monofunctional members, the fluid control member is
removed upward from the apparatus, and thé particular
monofunctional member is then replaced,‘hence
facilitated maintenance. It is desired that ’
monofunctional members which require replacement less
frequently be integrally provided on a single blocklike
body as a fluid control member, and that monofunctional
members which aie to be replaced frequently be used
singly as individual fluid control members. Both the
reduction in the number of components and ease of
maintenance can then be attained readilf.

Preferably, at least one of the couplings which
causes one of the fluid control members to communicate
with the fluid control member adjacent thereto is a
blocklike coupling having a V-shaped communication
channel. The‘two adjacent fluid control members can
then be held in communication with each other by the

single coupling. This results in a further reduction in

the number of components.
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Preferably, at least one of the couplings which
causes one of the fluid control members to communicate
with the fluid control member adjacent thereto comprises
two blocklike components butting against each other to
form a U-shaped communication channel. In the case of
V-shaped communication channels, the cross sectional
area of the channel is smaller than the area of the
opening thereof by an amount attributable to the
inclination of the channel, whereas the cross sectioﬁél
area of the U-shaped channel can be the same as the
opening area thereof. The U-shaped channel can
therefore be given a greater diameter than the V-shaped
channel, consequently reducing the pressure loss
involved in the fluid control apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevation showing a first
embodiment of fluid control apparatus according to the
invention;

FIG. 2 is a plan view of the same;

FIG. 3 is a side elevation showing a second
embodiment of fluid control apparatus according to the
invention; and

FIG. 4 is a side elevation showing a third

embodiment of fluid control apparatus according to the
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will be
described below with reference to the drawings. In the
following description, the left-hand side and the right-
hand side of FIG. 1 will be referred to as left and
right, respectively. The front side of the plane of the
drawing will be referred to as front, and the rear side
thereof as rear. .

FIGS. 1 and 2 show a fluid control apparatus 1 as a
first embodiment of the invention. The apparatus 1,
which is adapted for use in semiconductor manufacturing
equipment or the like comprises a massflow controller 2,
an inlet-side on-off-opening assembly 3 provided at the
left of the controller 2, and an outlet-side shutoff-
opening assembly 4 disposed at the right of the
controller 2.

Provided on the left side of lower portion of the
massflow controller 2 is a left extension block (first
fluid control member) S5 in the form of a rectangular
parallelepiped and formed with an inlet channel 5a which
has an opening in the bottom surface of the block.
Provided on the right side of the controller lower

portion is a right extension block (second fluid control
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member) 6 in the form of a rectangular parallelepiped
and formed with an outlet channel 6a which has an
opening in the bottom surface of the block. The
extension blocks 5, 6 are fastened to the body of the
controller 2 with screws driven in laterally.

The inlet-side shutoff-opening assembly 3 comprises
third to sixth four fluid control members 7, 8, 9, 10

arranged at an upper level, and first to fifth five

)
.

rectangular parallelepipedal couplings 11, 12, 13, 14,
15 arranged at a lower level.

The third fluid control member 7, which is disposed
at the left end of the assembly 3, comprises a first on-
off valve 17 integral with a blocklike body 16 having an
inlet channel l6a and an outlet channel 16b which extend
downward, the valve 17 being operable to bring these
channels 16a, 16b into and out of communication with
each other.

The fourth £luid control member 8, which is the
second component from the left end of the assembly 3,
comprises a blocklike body 18 generally.in the form of a
rectangular parallelepiped, having a top left portion
providing a slope and having an inlet channel 18a and an
outlet channel 18b which extend downward; a pressure

regulator 19 mounted on the slope of the body 18 and
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disposed at a portion of communication between the
channels 18a, 18b for giving a regulated pressure; and a
pressure sensor 20 mounted on a flat portion at the top
left part of the body 18 for measuring fluid pressure
through a channel communicating with the outlet channel
18b. The inlet channel 18a of the body 18 has a filter
21.

The fifth fluid control member 9, which is the third
component from the left end of the assembly 3, compri;es
second and third on-off valves 23, 24 which are integral
with one blocklike body 22 in the form of a rectangular
parallelepiped. The body 22 has a downward first inlet
channel 22a formed in its left end, a rightward outlet
channel 22b communicating with the channel.22a through
the second on-off valve 23, and a downward second inlet
channel 22c communicating with the outlet channel 22b
through the third on-off valve 24.

The sixth fluid control member 10, which is the
fourth component from the left end of the assembly 3,
comprises a rectangular parallelepipedal channel block.
The member 10 is formed with a communication channel 10a
having one end communicating with the outlet channel 22b
of the fifth fluid control member 22 and the other end

which is open downward.
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The first coupling 11, which is disposed at the left
end of the inlet-side shutoff-opening assembly 3, has an
L-shaped upstream communication channel lla opened
leftward and communicating with the inlet channel 16a éf
the third fluid control member body 16, and an L-shaped
downstream communication channel 11b opened rightward
and communicating with the outlet channel 16b of the
body 16. Provided on the left side of the first
coupling 11 is a first inlet pipe joint 25 communicating
with the upstream communication channel 1la.

The second coupling 12, which is disposed as the
second from the left end of the assembly 3, has an L-
shaped upstream communication channel 12a for holding
the outlet channel 11b of the first coupling 11 in
communication with the inlet channel 18a of the fourth
fluid control member body 18, and an L-shaped downstream
communication channel 12b having one end communicating
with the outlet channel 18b of the body 18 and the other
end opened rightward.

The third coupling 13, which is disposed as the
third from the left end of the assembly 3, has an L-
shaped communication channel 13a for holding the outlet

channel 12b of the second coupling 12 in communication

with the first inlet channel 22a of the fifth fluid
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The fourth coupling 14, which is the fourth from the
left end of the assembly 3, is formed with a
communication channel 14a having one end communicating
with the second inlet channel 22c of the fifth fluid
control member body 22 and the other end opened
rearward. Disposed on the rear side of the fourth
coupling 14 is a second inlet pipe joint (not shown)
communicating with the channel l1l4a.

The fifth coupling 15, which is the fifth from the
left end of the assembly 3, is formed with a V-shaped
communication channel 15a having one end communicating
with the outlet of communication channel 10a of the
sixth fluid control member 10 and the other end
communicating with the inlet channel 5a of left
extension block 5 of the massflow controller 2.

The outlet-side or downstream shutoff-opening
assembly 4 comprises a seventh fluid control member 26
disposed at an upper level, and sixth and seventh
rectangular parallelepipedal couplings 27, 28 which are
arranged at a lower level. The seventh fluid control
member 26 comprises a fourth on-off valve 30 integral
with a blocklike body 29 having an inlet channel 29a and

an outlet channel 29b which extend downward, the wvalve
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30 being operable to bring these channels 2%a, 29b into
and out of communication with each other. The sixth
coupling 27 disposed at the left side of the assembly 4
is formed with a V-shaped communication channel 27a
having one end communicating with the outlet channel 6a
of right extension block 6 of the massflow controller 2
and the other end communicating with the inlet channel
29a of the seventh fluid control member body 29. The
seventh coupling 28 disposed at the right end of the‘
assembly 4 is formed with a communication channel 28a
having one end communicating with the outlet channel 29b
of the body 29 and the other end cpened rearward.
Disposed on the rear side of the seventh coupling 28 is
an outlet pipe joint (not shown) communicating with the
channel 28a.

" The bottom surfaces of the fluid control members 5,
6, 7, 8, 9, lb, 26 are all flush with one another. The
upper surfaces of the couplings 11, 12, 13, 14, 15 are
also flush with one another. The couplings 11, 12, 13,
14, 15, 27, 28 are fixed to a base plate 31. The fluid
control members 5, 6, 7, 8, 9, 10, 26 are fixed to at
least one of the couplings 11, 12, 13, 14, 15, 27, 28
with screws 32 from above.

Different f£fluids are introduced into the fluid
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control apparatus 1 respectively through the first inlet
pipe joint 25 of the first coupling 11 and the second
inlet pipe joint of the fourth coupling 14. These
fluids as suitably changed over from one to the other
are passed through the controller 2 and discharged from
the outlet pipe joint of the seventh coupling 28.

With the fluid control apparatus 1, the massflow

controller 2 can be taken out upward along with the left

.

and right extension blocks 5, 6. The third to seventh
fluid control members 7, 8, 9, 10, 26 can also be
removed upward individually. For example, if there
arises a need to replace the pressure regulator 19, the
fourth fluid control member 8 is removed in its
entirety, followed by the replacement of the regulator
19, and the resulting member 8 is entirely reinstalled
in the original position. Further when a need arises to
replace one of the second and third on-off valves 23, 24
included in the fifth fluid control member 9, the entire
fifth member 9 is removed, followed by the replacement,
and the resulting fifth member 9 is entirely reinstalled
in position. A seal 33 is provided in each of the
portions of communication between the fluid confrol
members 5, 6, 7, 8, 9, 10, 26, the portions of

communication between the couplings 11, 12, 13, 14, 15
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and the portions of communication between the fluid
control members 5, 6, 7, 8, 9, 10, 26 and the couplings
11, 12, 13, 14, 15. The fluid control apparatus 1
according to the first embodiment has the seal 33 at
each of 13 locations.

The inlet-side and outlet-side shutoff-opening
assemblies 3, 4 of the above embodiment are not
limitative. It is possible, for example, to remove the
fourth fluid control member 8 from the inlet-side ,
assembly 3, to add the same member as the fifth fluid
control member 9 of the assembly 3 to the outlet-side
assembly 4, or to provide the same member in place of
the seventh fluid control member 26. The pressure
regulator 19 and the pressure sensor 20 are fixed to the
blocklike body 18 of the fourth fluid control member 8
by welding or screw-thread engagement.

FIG. 3 shows another fluid control apparatus as a
second embodiment of the invention. The second
embodiment differs from the first in that the first,
second and third couplings 11, 12, 13 of the first
embodiment is replaced by a single rectangular
parallelepipedal coupling (eighth coupling) 4l. With
reference to the drawing, the eighth coupling 41 is

formed with an upstream communication channel 4la having



10

15

20

13
one end communicating with the inlet channel 16a of the
third fluid control member body 16 and the other end
opened leftward, a first V-shaped communication channel
41b having one end communicating with the outlet channel
16b of the body 16 and the other end communicating with
the inlet channel 18a of the fourth f£luid control member
body 18, and a second V-shaped communication channel 4lc
having one end communicating with the outlet channel 18b
of the body 18 and the other end communicating with the
first inlet channel 22a of the fifth fluid control
member body 22. Provided on the left side of the eighth
coupling 41 is the first inlet pipe joint 25
communicating with the upstream communication channel
41la. To give a suitable diameter to the channel 4lb
which is elongated in the left-to-right direction, the
eighth coupling 41 has a greater height than the first,
second and third couplings 11, 12, 13 of the first
embodiment, and the channel 41b has a greater depth than
the second V-shaped communication channel 4lc. In
conformity with this feature, the fourth, fifth, sixth
and seventh couplings 14, 15, 27, 28 are given the same
height as the eighth coupling 41, with their
communication channels l4a, 15a, 27a, 28a remaining

unaltered in depth. The second embodiment has the same
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construction as the first with the exception of the
above features, and like parts are designated by like
referencé numerals or symbols and will not be described
repeatedly.

The second embodiment is smaller than the first by
two in the number of seals 33 and by two also in the
number of couplings.

FIG. 4 shows another fluid control apparatus as a
third embodiment of the invention. The third embodim;nt
differs from the first in that the fifth and sixth
couplings 15, 27 of the first embodiment, i.e., the
couplings 15, 27 having the respective V-shaped
communication channels 15a, 27a, are replaced
respectively by couplings (ninth and tenth couplings)
51, 54 each comprising two rectangular parallelepipedal
components and having a U-shaped communication channel.
With reference to the drawing, the ninth coupling 51
comprises a first component 52 and a second component
53. The first component 52 is formed with an L-shaped
upstream communication channel 52a having one end
communicating with the outlet of communication channel
10a of the sixth fluid control member body 10 and the
other end opened rightward. The second component 53 is

formed with an L-shaped downstream communication channel
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53a having one end communicating with the upstream
communication channel 52a of the first component 52 and
the other end communicating with the inlet channel Sa of
left extension block 5 of the massflow controller 2.

The first and second components 52, 53 are fitted to
each other with a seal 33 interposed therebetween so as
to cause the upstream channel 52a to communicate with
the downstream channel 53a, whereby a U-shaped
communication channel 5la is formed in the ninth
coupling 51 for holding the channel 10a of the sixth
fluid control member body 10 in communication with the
inlet channel 5a of left extension block 5 of the
massflow controller 2. Similarly, the tenth coupling 54
comprises a first component 55 and a second component
56. The first component 55 is formed with an L-shaped
upstream communication channel 55a having one end
communicating with the outlet channel 6a of right
extension block 6 of the massflow controller 2 and the
other end opened rightward. The second component 56 is
formed with an L-shaped downstream communication channel
56a having one end communicating with the upstream
communication channel 55a of the first component 55 and
the other end communicating with the inlet channel 29a

of the seventh fluid control member body 29. The first
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and second components 55, 56 are fitted to each other
with a seal 33 interposed therebetween so as to cause
the upstream channel 55a to communicate with the
downstream channel S56a, whereby a U-shaped communication
channel S54a is formed in the tenth coupling 54 for
holding the outlet channel 6a of right extension block 6
of the massflow controller 2 in communication with the
inlet channel 29a of the seventh fluid control member
body 29. With the exception of the above feature, thé
third embodiment has the same construction as the first,

and like parts are designated by like reference numerals

or symbols and will not be described repeatedly.
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What is claimed is:

1. A fluid control apparatus comprising a plurality
of fluid control members arranged at an upper level and
a plurality of couplings arranged at a lower level, at
least one of the fluid control members comprising a
plurality of monofunctional members integrally provided
on a blocklike body, the blocklike body being mounted on
at least one of the couplings so as to be removable
upward.

2. A fluid control apparatus according to claim 1
wherein at least one of the couplings which causes one
of the fluid control members to communicate with the
fluid control member adjacent thereto is a blocklike
coupling having a V-shaped communication channel.

3. A fluid control apparatus according to claim 1
wherein at least one of the couplings which causes one
of the fluid control members to communicate with the
fluid control member adjacent thereto comprises two
blocklike components butting against each other to form
a U-shaped communication channel.

4. A fluid control apparatus according to claim 1
wherein the plurality of monofunctional members are all

: o~
on-off valves.

5. A fluid control apparatus according to claim 1
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wherein the plurality of monofunctional members are a

pressure regulator and a pressure sensor.



