
10 NOV 1999 TITLE OF THE INVENTION COUPLING MEMBER FOR USE IN FLUID CONTROL
APPARATUS AND METHOD OF FABRICATING SAME BACKGROUND OF THE INVENTION 5
ThE present invention relates to coupling meMbers for use in fluid control
apparatus included, for exam- ple, in semiconductor manufacturing equipment
for hold- ing fluId channels in the control apparatus in communi- cation
with one another. 10      The terms "upper," "lower," "left" and "right" as
used herein refer respectively to the upper and lower sides, and left- and
right-hand sides of FIG. 1. Howev- er, these terms are used for the sake of
convenience; the apparatus or components to be described can be used 15 as
turned upside down or as laid on their side. It is required in recent years
that the fluid con- trol apparatus for use in semiconductor manufacturing
equipment be integrated to reduce the space to be occu- pied  by the
apparatus. To fulfill this requirement, for 20 example, Japanese Patent
Application 278495/1997 propos- es a fluid control apparatus shown in FIG.
3. The proposed fluid control apparatus 101, which is adapted for use in
semiconductor manufacturing equipment    



2 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 5
controller 2. Provided on the left side of lower portion of the massflow
controller 2 is a left extension block (first fluid control member) 5 in
the form of a rectangular parallelepiped and formed with an inlet channel
5a which 10  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 member) 6 in the form of a rectangular parallelepiped
and formed with an outlet channel 6a which has an 15 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 20 arranged at an upper level, and first to fifth five
rectangular parallelepipedal couplings 11, 12, 13, 14, 51 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-   



3 off valve 17 integral with a blocklike body 16 having an inlet channel
16a 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 5 each other. The fourth fluid control member 8, which is the second
from the left and of the assembly 3, comprises a blocklike body 18
generally in the form of a rectangular parallelepiped, having a top left
portion providing a 10 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 disposed at a portion of communication between the
channels 18a, 18b for giving a regulated pressure; and a pressure sensor 15
20 miounted 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 20 from the left end of
the assembly 3, comprises second and third on-off valves 23, 24 which are
mounted in 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  



4 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. 5      The sixth
fluid control member 10, which is the fourth 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 10 fifth fluid control
member 22 and the other end which is open downward. 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 11a opened 15
leftward and communicating with the inlet channel 16a of the third fluid
control member body 16, and an L-shaped downstream communication channel
l1b opened rightward and communicating with the outlet channel 16b of the
body 16. Provided on the left side of the first 20 coupling 11 is a first
inlet pipe joint 25 communicating with the upstream communication channel
11a. The second coupling 12, which is the second from the left rnd of the
assembly 3, has an L-shaped upstream communication channel 12a for holding
the outlet channel 



5 l1b 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 5
channel 18b of the body 18 and the other end opened rightward. The third
coupling 13, which 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 10 second coupling 12 in communication with the first inlet channel 22a
of the fifth fluid control member body 22. 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 15  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 14a.
20      The fifth coupling 51, which is the fifth from the left end of the
assembly 3, is formed with a U-shaped communication channel 51a and
comprises first and second rectangular parallelepipedal coupling forming
members 



52, 53. The first coupling forming member 52 is    6 provided 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 10 and the other end which is open rightward. 5 The second coupling
forming member 53 is provided with an L-shaped downstream communication
channel 53a having one end in communication with the channel 52a of the
first coupling forming member 52 and the other end in communication with
the inlet channel 5a of left 10 extension block 5 of the massflow
controller 2. The first and second coupling forming members 52, 53 are
fitted to each other with a seal 33 interposed therebetween so as to hold
the upstream channel 52a in communication with the downstream channel 53a,
whereby 15 the above-mentioned U-shaped communication channel 51a is formed
in the fifth coupling 51 for holding the communication channel 10a of the
sixth control member 10 in communication with the inlet channel 5a of left
extension 5 of the massflow controller 2. 20      The outlet-side
shutoff-opening assembly 4 comprises a seventh fluid control member 26
disposed at an upper level, and sixth and seventh rectangular 



parallelepipedal couplings 54, 28 which are arranged at a lower level. The
seventh fluid control member 26    7 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 valve 30 being operable to bring
these channels 29a, 29b into and 5 out of communication with each other.
The sixth coupling 54 disposed at the left side of the assembly 4 is formed
with a U-shaped communication channel 54a and comprises first and second
rectangular parallelepipedal coupling forming members 55, 56. The first
coupling 10 forming member 55 is provided 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 which is open rightward. The second coupling forming member 56 15
is provided with an L-shaped downstream communication channel 56a having
one and communicating with the downstream channel 55a of the first coupling
forming member 55 and the other end in communication with the inlet channel
29a of the seventh fluid control member 20 body 29. The first and second
coupling forming members 55, 56 are fitted to each other with a seal 33 



interposed therebetween so as to hold the upstream channel 55a in
communication with the downstream channel 56a, whereby the above-mentioned
U-shaped communication    8 channel 54a is formed in the sixth coupling 54
for holding the outlet channel 6a of right extension 6 of the massflow
controller 2 in communication with the inlet channel 29a of the seventh
fluid control member 5  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 opened rearward. Disposed on the rear side of the seventh 10
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, 10, 26 are all flush with one another. The upper surfaces of the
couplings 11, 12, 13, 14, 51, 54, 15  28 are also flush with one another.
The couplings 11, 12, 13, 14, 51, 54, 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, 51, 54, 28 with screws 32 from above. 20
Different fluids are introduced into the fluid 



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
9 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 5 and
right extension blocks 5, 6. The third to seventh fluid control members 7,
8, 9, 10, 26 can also be removed upward individually. A seal 33 is provided
in each of the portions of communication between the fluid control members
5, 6, 7, 8, 9, 10, 26, the portions of 10 communication between the
couplings 11, 12, 13, 14, 15 and the portions of communication between the
fluid control members 5, 6, 7, 8, 9, 10, 26 and the couplings 11, 12, 13,
14, 51, 54, 28. The fifth coupling 51 comprises two components 52, 15  53
formed with respective L-shaped channels 52a, 53a and fitted to each other
with a seal 33 provided the rebetween so as to obtain a channel which is
U-shaped in its entirety. Similarly the sixth coupling 54 comprises two
components 55, 56 having respective L- 



20 shaped channels 55a, 56a. The fluid control apparatus 1 therefore has
the problem to be overcome of having not only an increased number of
components which are cumbersome to assemble but also has an increased
number of seals, entailing a greater likelihood of leakage of    10 fluid
and increased maintenance work. SUMMARY OF THE INVENTION In view of the
foregoing situation, an object of the present invention is to provide a
coupling member which 5  permits the fluid control apparatus disclosed in
Japanese Patent Application 278495/1997 to retain the advantage thereof and
which nevertheless makes it possible to reduce the number of components and
the number of seals in producing the fluid control 10 apparatus, and to
provide a method of fabricating the coupling member. The present invention
provides a coupling member for use in fluid control apparatus which member
comprises a blocklike body formed with a U-shaped channel comprising 15 a
pair of upwardly open opposite passageways parallel to each other and a
communication passageway holding lower ends of the opposite passageways in
communication with each other therethrough, and a forming auxiliary 



passageway extending from the lower end of one of the 20 opposite
passageways as an extension of the communication passageway in alignment
therewith, the auxiliary passageway being closed. The coupling member of
the present invention can be substituted for a coupling which comprises two
components each having an L-shaped channel and joined end-to-end with a
seal provided therebetween, so that the use of the present coupling member
reduces the number of components and the number of seals in 5  fabricating
fluid control apparatus, consequently making the fluid control apparatus
easy to assemble, diminishing the likelihood of fluid leaks and reducing
the maintenance work needed. the present invention also provides a method
of 10  fabricating a coupling member for use in fluid control apparatus
which is characterized in that the method comprises the first step of
boring one of upwardly open opposite passageways, a communication
passageway and an auxiliary passageway in a blocklike body, the second 15
step of inserting a closure member into the auxiliary passageway, the third
step of welding the closure member to an inner peripheral portion of the
blocklike body defining the auxiliary passageway, and the fourth step 



of boring the other upwardly open passageway in the 20  blocklike body, the
closure member being inserted in the second step so as to be positioned at
least partly in the portion where the other upwardly open passageway is to
be formed. the coupling thus fabricated is unlikely to permit    12 the
fluid to collect in the auxiliary passageway and therefore to give rise to
the problem of impaired purity of the process gas when used in
semiconductor manufacturing equipment or the like which requires a 5 very
high degree of cleanliness. bRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a
view showing an embodiment of fluid control apparatus incorporating
coupling members of the invention; 10      FIG. 2 includes views showing a
method of fabricating the coupling member of the invention; and FIG. 3 is a
view showing an example of fluid control apparatus wherein conventional
coupling members are used. 15          DESCRIPTION OF tHE PREFERRED
EMBODIMENTS Embodiments of the invention will be described below with
reference to the drawings. in the following 



description, the front side of the plane of FIg. 1 will be referred to as
"front," and the rear side thereof as 20  "rear." FIG. 1 shows an
embodiment of fluid control apparatus having coupling members of the
present invention incorporated therein. The fluid control apparatus 1,
which is adapted for use in semiconductor    13 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 5 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) 5 in the form of a
rectangular parallelepiped and formed with an inlet channel 5a which 10 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 member) 6 in the form of a rectangular parallelepiped and formed
with an outlet channel 6a which has an 15 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 20 arranged at an upper level, and first to fourth four
rectangular parallelepipedal couplings 11, 12, 14, 51 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-    14 off valve 17 integral with a
blocklike body 16 having an inlet channel 11a 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 5  each other. The fourth fluid
control member 8, which is the second 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 10  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 disposed at a
portion of communication between the channels 18a, 18b for giving a
regulated pressure; and a pressure sensor 15  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 20  from the left
end of the assembly 3, comprises second and third on-off valves 23, 24
which are mounted on 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    15 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. 5      The sixth fluid control member 10, which is
the fourth 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 10 fifth fluid control member 22 and the other end which
is open downward. The first coupling 11, which is disposed at the left end
of the inlet-side shutoff-opening assembly 3, has an L-shaped communication
channel 1la opened leftward and 



15 communicating with the inlet channel 16a of the third fluid control
member body 16, and a U-shaped communication channel l1b for holding the
outlet channel 16b of the body 16 in communication with the inlet channel
18a of the fourth fluid control member body 18. 20 Provided on the left
side of the first coupling 11 is a first inlet pipe joint 25 communicating
with the communication channel 11a, The second coupling 12, which is the
second from the left end of the assembly 3, has a U-shaped communication
16 channel 12a for holding the outlet channel 18b of the fourth fluid
control member body 18 in communication with the first inlet channel 22a of
the fifth fluid control member body 22. 5      The third coupling 14, which
is the third 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 10 rearward. Disposed on the rear side of the third coupling 14
is a second inlet pipe joint (not shown) communicating with the channel
14a. The fourth coupling 51, which is the fourth from the 



left end of the assembly 3, is formed with a U-shaped 15  communication
channel 51a for holding the communication channel 10a of the sixth fluid
control member 10 in communication with the inlet channel 5a of left
extension block 5 of the massflow controller 2. The outlet-side
shutoff-opening assembly 4 comprises 20 a seventh fluid control member 26
disposed at an upper level, and fifth and sixth rectangular
parallelepipedal couplings 54, 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    17 an inlet channel 29a and an outlet
channel 29b which extend downward, the valve 30 being operable to bring
these channels 29a, 29b into and out of communication with each other. The
fifth coupling 54 disposed at the 5  left side of the assembly 4 is formed
with a U-shaped communication channel 54a for causing the outlet channel 6a
of right extension block 6 of the massflow controller 2 to communicate with
the inlet channel 29a of the seventh fluid control member body 29. The
sixth 10  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 opened rearward. Disposed on the rear side of the
sixth coupling 28 is an outlet pipe 15  joint (not shown) communicating
with the channel 28a. The bottom surfaces of the fluid control members 5,
6, 7, 8, 9, 10, 26 are all flush with one another. The upper surfaces of
the couplings 11, 12, 14, 51, 54, 28 are also flush with one another. The
couplings 11, 12, 20 14, 51, 54, 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, 14, 51, 54, 28 with screws 32 from above. Different
fluids are introduced into the fluid    control apparatus 1 respectively
through the first inlet pipe joint 25 of the first coupling 11 and the
second inlet pipe joint of the third coupling 14. These fluids as suitably
changed over from one to the other are 5 passed through the controller 2
and discharged from the outlet pipe joint of the sixth 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 10 fluid control members 7, 8, 9, 10, 26 can also be removed upward
individually. A seal 33 is provided in each of the portions of
communication between the fluid 



control members 5, 6, 7, 8, 9, 10, 26, and the portions of communication
between these fluid control members and 15 the couplings 11, 12, 14, 51,
54, 28. A comparison between the fluid control apparatus 1 of the invention
and the conventional fluid control apparatus 101 shown in FIG. 3 reveals
the following. These two apparatus are identical with respect to the 20
constructions and functions of the fluid control members 7, 8, 9, 10, 26 at
the upper level. The conventional apparatus has nine members 11, 12, 13,
14, 52, 53, 55, 56, 28 for providing the couplings at the lower level,
whereas the apparatus of the invention has a reduced    19 number of
members, i.e., six coupling members 11, 12, 14, 51, 54, 28 at the lower
level. The apparatus of the invention need not have the four seals
conventionally arranged at the portions of communication between the 5
lower coupling members 11, 12, 13, 52, 53, 55, 56. The preferred method of
fabricating the coupling members 12, 51, 54 having the respective U-shaped
channels 12a, 5la, 54a will be described below with reference to the fourth
coupling 51. 10      As shown in FIG. 2, (a) and (b), a blocklike body 52
is bored in the first step in the upper side thereof to 



form an upwardly open left passageway 52a and also in its right side to
form an auxiliary passageway 52c and a communication passageway 52b in
communication with the 15  lower end of the passageway 52a.  An opening 53
of large diameter is formed in the right side surface of the body 52 to
facilitate the subsequent step. In this first step, the left passageway
52a, or the auxiliary and communication passageways 52c, 52 may be formed
first. 20  A closure member 54 in the form of a thin disk is inserted into
the auxiliary passageway 52c in the second step. The closure member 54 is
positioned at least partly in the portion where an upwardly open right
passageway 52d is to be formed, so as to be cut away    20 when the right
passageway 52d is formed. In the third step, the closure member 54 is
welded to the inner peripheral portion of the body 52 defining the
auxiliary passageway 52c. The weld W is so formed as to 5 completely close
the auxiliary passageway 52c except the opening portion 53 of large
diameter as seen in FIG. 2, (c) so as to eliminate the possibility of a
fluid flowing into the auxiliary passageway 52c even if the closure member
54 is removed by cutting. In the fourth 10 step, the above-mentioned
upwardly open right passageway 



52d is bored in the blocklike body 52 as seen in FIG. 2, (d), whereby the
closure member 54 and part of the weld W are cut away to form a coupling
member 51 wherein the auxiliary passageway 52c is closed with the remainder
W1 15 of the weld. Formed in the coupling member 51 in this way is a
U-shaped channel 5la which comprises the pair of upwardly open straight
left and right passageways 52a, 52d in parallel to each other, and straight
communication passageway 52b holding the lower ends of 20 the two
passageways 52a, 52d in communication with each other therethrough. the
coupling 51 thus fabricated is unlikely to permit the fluid to collect in
the auxiliary passageway 52c and therefore to give rise to the problem of
impaired purity of the process gas when used in    21 semiconductor
manufacturing equipment or the like which requires a very high degree of
cleanliness. Although not shown the first coupling 11 can be obtained from
the blocklike body 52 shown in FIG. 2 and 5 as extended leftward, by
forming in the extension an L- shaped channel 1la which comprises an
upwardly open straight passageway and a laterally open straight passageway
extending from the lower end of the passageway. 



22 What is claimed is: 1. A coupling member for use in fluid control
apparatus comprising a blocklike body formed with a U- shaped channel
comprising a pair of upwardly open 5 opposite passageways parallel to each
other and a communication passageway holding lower ends of the opposite
passageways in communication with each other therethrough, and a forming
auxiliary passageway extending from the lower end of one of the opposite 10
passageways as an extension of the communication passageway in alignment
therewith, the auxiliary passageway being closed. 2. A method of
fabricating a coupling member according to claim 1 for use in fluid control
apparatus 15 which is characterized in that the method comprises the first
step of boring one of upwardly open opposite passageways, (52a), a
communication passageway (52b) and an auxiliary passageway (52c) in a
blocklike body (52), the second step of inserting a closure member (54)
into 20 the auxiliary passageway (52c), the third step of welding the
closure member (54) to an inner peripheral portion of the blocklike body
(52) defining the auxiliary passageway (52c), and the fourth step of 



boring the other upwardly open passageway (52d) in the    23 blocklike body
(52), the closure member (54) being inserted in the second step so as to be
positioned at least partly in the portion where the other upwardly open
passageway (52d) is to be formed.    


