
"Fluid Flow Control Valve"         This invention relates to a valve
assembly for handling       high  purity   gas   used   mainly   in
semiconductor   5 manufacturing apparatus and the like. More particularly,
it sets out to provide a valve, usually block-shaped,       which is
connected to the outlet side of other valves       incorporated in the
pipings so as to discharge promptly       and smoothly the residual gas in
the pipings in which the  10  valves are incorporated.         Generally,
the pipings for feeding gas to a process       chamber for forming a film
on a wafer, which is an       essential  part  in  a  semiconductor
manufacturing  15  apparatus, is constituted as shown in Figure 6, in which
a plurality of block-shaped valves 40 in a structure of 



integrally combining plural valves are incorporated into  gas feed pipings
leading to the process chamber (not       shown),  and by properly
controlling  the valves  40,  20 various gases G[err], G[err], G[err],
G[err], G[err] are alternately supplied       into the process chamber
through the block 40.         In Figure 6, reference numeral 41 is a branch
pipe       connected to the gas feed pipings, 42 is a valve  25  installed
in the branch pipe 41, and 43 is a vacuum pump       connected to the
branch pipe 41.                                            2      The
pipings into which the valves 40 are incorporated can      be smaller in
the inner volume of the pipe passage as      compared with pipings into
which a plurality of single      valves are incorporated, and hence
advantages are 



5 exhibited, for instance, the gas replacement performance      is enhanced
and generation of particles can be prevented.        In the process chamber
used in semiconductor manufacture,      it is necessary to change the type
of the gas to be  10  supplied inside, or discharge the gas from the
process      chamber. For this purpose, it is necessary to discharge
also the residual gas in the pipings (the thick line      portions in
Figure 6) where the valves 40 are      incorporated.  15      To discharge
the residual gas in the pipings where the      valves 40 are incorporated,
in the conventional method,      first the supply of gas is stopped, and
then the residual      gas is discharged by using the vacuum pump 43 and
the  20  branch pipe 41 connected to the gas feed pipings at the
downstream side of the block valves 40.        However, if the inner volume
of the pipings is relatively      large, when the closing valve 42 provided
at the intake  



25  side of the vacuum pump 43 is opened during continuous      operation
for discharging. the residual gas, the degree      of vacuum at the vacuum
pump 43 side drops sharply.                                            3
Besides to decompress the pipings, lowered in the degree      of vacuum to
a pressure close to the atmospheric      pressure, to a desired degree of
vacuum by the vacuum      pump 43 only, it takes a considerably long time
if a  5 vacuum pump of a large capacity is used.        Accordingly, in the
conventional system of directly      decompressing the pipings by the
vacuum pump 43 alone,      the residual gas in the pipings cannot be
discharged  10  promptly and smoothly.    



It is a primary object of the invention to provide a      valve capable of
discharging promptly and smoothly the      residual gas in the piping where
other valves are  15  incorporated.        To achieve the object, the
invention provides an assembly      comprising a gas feed passage
possessing an inlet and an      outlet, a branch passage possessing an
outlet, branched  20  off from and connected to the gas feed passage, a
body      having a tank or chamber formed in the branch passage,      a
first valve provided in the body for opening and      closing the gas feed
passage at the downstream side of      the place from which the branch
passage is branched off  25  and a second valve provided in the body for
opening and      closing the branch passage at the upstream side of the
tank or chamber.           



4      The valve with the chamber is incorporated into the      pipings for
feeding gas into the process chamber of a      semiconductor manufacturing
apparatus.   That is, the      inlet and outlet of the gas feed passage of
the block   5  valve with the chamber are connected to the gas feed
pipings and the outlet of the branch passage is connected      to the
vacuum pump through the branch pipe.        When the branch passage is
closed by manipulating the  10  second valve and the gas feed passage is
opened by      manipulating the first valve, the gas supplied from the
gas feed source flows into the process chamber side      through the gas
feed passage.    15  Moreover, by evacuating the chamber in advance by the
vacuum pump, and stopping the gas feed, when the gas feed      passage is
closed by manipulating the first valve and the      branch passage is
opened by manipulating the second      valve, the residual gas in the gas
feed passage and 



20  branch passage, and the residual gas in the pipings are      sucked out
forcibly and removed by the sum of the vacuum      in the tank chamber and
the vacuum at the vacuum pump      side.  As a result, the residual gas in
the conduit can      be discharged promptly and securely.  25      The
invention will now be described by way of example      with reference to
the drawings wherein:-                                            5
Figure 1 is a front view of a block valve with tank       chamber in an
embodiment of the invention.         Figure 2 is a plan view of the block
valve with tank   5 chamber.   



Figure 3 is a partially cut-away front view of the block       valve with
tank chamber.    10 Figure 4 is a partially cut-away left side view of the
block valve with tank chamber.        Figure 5 is a schematic block diagram
of incorporating      the block valve with tank chamber into gas pipings.
15      Figure 6 is a schematic block diagram of incorporating      a
plurality of block valves into gas pipings as already      described.    20
Referring now to the drawings, an embodiment of the      invention is
described in detail below:        Figure 1 through Figure 4 shows a block
valve with a      tank/chamber according to an embodiment of the invention,
25 and this block valve with tank/chamber comprises body 1,      first
valve 2, second valve 3, first joint 4, and second  



joint 5, among others. Direct touch type metal diaphragm
6      valves are used as the first valve 2 and second valve 3.        The
body 1 is formed nearly in a block form, being made      of stainless steel
or other metal material, and consists   5  of a main body la in the block
form and a lid lb in the       shape of a plate welded to the left side of
the main body       la. In the body 1, as shown in Figure 3 and Figure 4,
a gas feed passage 6 possessing an inlet 6a at the rear       side 1c (rear
side in Figure 3) of the main body la, and  10  an outlet 6b at a front
side 1d (front side in Figure 3)      of the main body la, and a branch
passage 7 connected to      and  communicating with the  gas  feed passage
6 and      possessing an outlet 7a in the lid lb are formed.  



Furthermore, in the midst of the branch passage 7, a  15  tank/chamber 8
possessing an appropriate capacity is       formed.  In this embodiment,
the tank/chamber 8 has a       recess formed at the left side of the main
body la and       opened on one side as shown in Figure 3, and the opening
of the recess is closed with the lid lb in the anti-tight  20  state.
The first valve 2 is provided at the upper side le of the      body 1, so
as to open and close the gas feed passage 6      at the downstream side of
the place where the branch  25  passage 7 is connected (see Figure 5).
The first valve 2 is formed on the top le of the body 1,
7  



and comprises a concave first valve chamber 9 opened      upward and
communicating with the gas feed passage 6, a      first valve seat 10 in an
annular form made of synthetic      resin buried in the bottom of the first
valve chamber 9,   5  a first diaphragm 11 of thin metal plate (stainless
steel, Inconel, etc.) disposed in the first valve chamber       9, and
abutting against and departing from the first       valve seat 10 by upward
and downward movement of the       middle part while keeping airtight the
first valve  10  chamber 9, a first bonnet 12 of tubular form made of
metal for holding and fixing air tightly the outer      periphery of the
first diaphrgm 11 in co-operation with      the body 1, a first bonnet nut
13 being screwed to the      body 1 side for pressing and fixing the first
bonnet 12  15  to the body 1 side, a metal first stem 15 elevatably
supported on the first bonnet 12 and provided at the      lower end with a
first diaphragm holder 14 abutting      against the middle of the first
diaphragm 11, a first      spring 16 for thrusting the first stem 15 to the
lower  20  side to abut the first diaphragm 11 against the first      valve
seat 10, and a first drive unit 17 coupled to the 



first stem 15 and comprising a fluid actuator or the like      for
elevating the first stem 15 against the thrusting      force of the spring
16.  25      When driving fluid (air, etc.) is fed into the first
drive unit 17 of the valve, the first stem 15 goes up by
8       overcoming the thrusting force of the first spring 16,       and
accordingly the first diaphragm 11 is pushed upward       by its elastic
force and fluid pressure to be departed       from the first valve seat 10.
When supply of driving   5   fluid is stopped, the first stem 15 is lowered
by the       thrusting force of the first spring 16, and the middle
of the first diaphragm 11 is pushed downward by the first       stem 15 to
be seated on the first valve seat 10.  



10  The second valve 3 is provided at the bottom 1f side of       the body
1, and is designed to open and close the branch       passage 7 at the
upstream side of the tank chamber 8 (see       Figure 5). The second valve
3 is composed the same as       the first valve 2.  15       That is, the
second valve 3 is formed at the lower side       1f of the body 1, and
comprises a concave second valve       chamber 18 opened downward and
communicating with the       branch passage 7, a second valve seat 19
provided in the  20  bottom of the second valve chamber 18, a second
diaphragm       20 for keeping airtight the second valve chamber 18 and
abutting against and departing from the second valve seat       19 by
upward and downward movement of the middle part,       a second bonnet 21
inserted into the second valve chamber  25   18 for pressing and fixing the
outer periphery of the      second diaphragm 20 air tightly in co-operation
with the      body 1, a second bonnet nut 22 screwed to the body 1 side



9       for pressing and fixing the second bonnet 21 to the body       1
side, a second stem 24 elevatably supported on the       second bonnet 21,
and provided at the upper end with a       second diaphragm holder 23
abutting against the middle   5 of the second diaphragm 20, a second spring
25 for      thrusting the second stem 24 in the direction of the
second valve seat 19 for abutting the second diaphragm      20 to the valve
seat, and a second drive unit 26      comprising a fluid actuator for
driving the second stem  10  24 against the thrusting force of the second
spring 25.        The first and second joints 4, 5 are provided
respectively at the outlet 6b of the gas feed passage 6,      and the
outlet 7a of the branch passage 7, so that  15  connection to the pipings
may be facilitated.    



That is, the first joint 4 consists of a first sleeve 27      welded to the
outlet 6b of the gas feed passage 6 and      formed of stainless steel or
other metal material, and  20  a  first  union nut  28 made  of  stainless
steel  and      externally fitted to the first sleeve 27, and the second
joint 5 consists of a second sleeve 29 welded to the      outlet 7a of the
branch passage 7, a second union nut 30      externally fitted to the
second sleeve 29, and a bearing  25  31 interposed between the second
sleeve 29 and second      union nut 30.
10       The operation of the block valve with tank/chamber A is
described below.         The block valve with the tank/chamber is
incorporated  



5 into the pipings for feeding gas into the process chamber       (not
shown) in the semiconductor manufacturing apparatus       as shown in
Figure 5, and is disposed at the secondary       side of a plurality of
other block valves 32 installed       in the pipings. That is, the inlet 6a
of the gas feed  10  passage 6 is connected to the outlet of the block
valve       32 through a connection metal piece 33, and the first
joint 4 provided at the outlet 6b of the gas feed passage       6 is
connected to a gas feed pipe 34 for leading the gas       into the process
chamber. The second joint 5 provided  15  at the outlet 7a of the branch
passage 7 is connected to      a branch pipe 36 through a valve 35. This
branch pipe      36 is connected to the vacuum pump (not shown) such as
rotary pump).    20  The inner volume of the tank/chamber 8 is larger than
the       inner volume of the pipings (thick line parts in Figure       5)
in which the block valves 32 are incorporated. The       first valve 2 and
second valve 3 are normally closed.    25  When feeding gas into the
process chamber by using the 



pipings in which the block valve with tank/chamber A is      installed, the
first valve 2 is opened while the second                   valve 3 is
closed. That is, when the first stem 15 is      elevated by the first drive
unit 17, the first diaphragm      11 is pushed upward in its middle by the
elastic force      or fluid pressure, and is departed from the first valve
5   seat 10.  As a result, the gas feed passage 6 is opened,      and the
gas flowing into the inlet 6a of the gas feed      passage 6 from the block
valves 32 flows into the gas      feed pipe 34 side, as indicated by the
solid arrow mark      in Figure 4, by way of a primary side passage (from
the  10  inlet 6a to the first valve chamber 9) of the gas feed
passage 6, the first valve chamber 9 and the second      passage (from the
first valve chamber 9 to the outlet) 



of the gas feed passage 6, and is guided into the process      chamber
through the gas feed pipe 34.  15      When changing over the gas to be
supplied to the process      chamber, the gas supply must be stopped and
the residual      gas in the pipings (thick line portion in Figure 5) must
be discharged. With the second valve 3 being closed and  20  the valve 36
being opened the vacuum pump (not shown) is      operated to keep the
chamber 8 vacuum at about 10[err] Torr      beforehand.        To discharge
the residual gas from the pipings, the first  25  valve 2 is closed, and
the second valve 3 is opened.      That is, supply of driving fluid into
the first drive      unit 17 is stopped, and the second stem 24 is raised
by            



12      the second drive unit 26. As a result, the middle part      of the
first diaphragm 11 is pushed downward by the first      stem 15, and is
seated on the first valve seat 10, while      the second diaphragm 20 is
pushed by its elastic force  5 or fluid pressure to be departed from the
second valve      seat 19. As a result, the gas feed passage 6 is closed,
and the branch passage 7 is opened.  As shown by the      arrow of the
broken line, (Figure 3) residual gas in the      pipings flows from the
inlet 6a of the gas feed passage  10  6 to sequentially the primary side
passage of the gas      feed passage 6, the primary side passage of the
branch      passage 7, the second valve chamber 18, and the secondary
side passage of the branch passage 7, is sucked into the      vacuum tank
chamber 8 and is discharged from the  15  tank/chamber 8 to the branch pipe
37 side.  The vacuum      pump is continuously operated automatically so
that the      residual gas flowing into the tank/chamber 8 may be
discharged promptly.    



20  In this way, the block valve with tank/chamber A of the      invention
is designed to discharge the residual gas in      the  pipings,  where
other  block  valves   32  are      incorporated,   forcibly into the
tank/chamber  8 by      evacuating the tank/chamber 8 formed in the body 1
and  25  opening and closing the valves 2, 3, so that the residual      gas
in the piping may be discharged promptly and      securely.
13      Moreover, the block valve with tank/chamber A comprises      two
valves 2, 3 in one body 1, and the tank/chamber 8 is      formed in the
body 1, and therefore the block valve      itself is not increased in size,
and wide space for   5 installation is not needed when incorporated in the
piping so that the installation space may be saved.   



In the embodiment, metal diaphragm valves of direct touch      type are
used as the first valve and second valve, but  10  the valves 2, 3 may be
also of other type.  Also in the      embodiment, the drive units 17, 26
comprising the fluid      pressure actuator are coupled to the end of the
first      stem 15 and second stem 24. But in other embodiments      manual
handles may be provided on the first stem 15 and  15  second stem 24 so
that the stems 15, 24 may be elevated      or lowered by manual operation.
In the embodiment, the      first joint 4 and second joint 5 are provided
at the      outlet 6b of the gas feed passage 6 and outlet 7a of the
branch passage 7, but the joints 4, 5 may be omitted in  20  another
embodiment.  Also, in the embodiment, the valve      35 provided in the
branch pipe 36 is opened, and the      vacuum pump is continuously operated
automatically to      sequentially discharge the residual gas sucked in the
tank chamber 8, but in other embodiment, after evacuating  25  the tank
chamber 8, the valve 35 provided in the branch      pipe 36 is closed, and
the valve 35 is opened when      discharging the residual gas, and thereby
residual gas  



14      may be sucked into the tank chamber 8.        As mentioned herein,
the block valve with tank/chamber      A of the invention has in the body
the gas feed passage   5  and  the  branch  passage  branched  off   from
and       communicating with the gas feed passage and also has the
tank chamber in the midst of the branch passage.  The       body is further
provided with the first valve for opening       and closing the gas feed
passage at the downstream side  10  of the place of connection with the
branch passage, and      the second valve for opening and closing the
branch      passage at the upstream side of the tank chamber.
Accordingly, by incorporating the block-shaped valve with      tank chamber
at the downstream side of the pipings in  



15  which other block valves are installed and by opening and      closing
the valves with the tank chamber being in vacuum      state, the residual
gas in the pipings can be discharged      by force into the vacuum tank
chamber. As a result, the      residual gas in the pipings can be promptly
and surely  20  discharged, so that the quality of semiconductors can be
improved.        The block valve with tank/chamber A of the invention has
two valves in one body, and a tank/chamber is formed in  25  the body.   As
a result, the size of the block valve      itself is not increased and wide
installation space is                                      15  not required
when placed in the pipings so that the  installation space may be saved.  



16  Substitute sheet - 13 March 1999  CLAIMS    1. A block valve comprising
a valve body having formed therein a tank chamber in which a vacuum is
maintained, a gas feed passage having a gas feed inlet and a gas feed
outlet, a branch passage having a portion connecting said gas feed passage
to said tank chamber and a branch outlet extending from said tank chamber
to a side of said valve body, a first valve mounted on said valve body for
selec- tively opening and closing said gas feed passage at a point
downstream of where said branch passage connects with said gas feed
passage, and a second valve mounted on said valve body for selectively
opening and closing said branch passage at a point between said tank
chamber and where said branch passage connects with said gas feed passage,
said vacuum being such that when said first valve is closed and said second
valve is opened, gas in said gas feed passage and said branch passage
upstream of the first and second valves is sucked into said tank chamber.
2. A block valve as claimed in claim 1 in combination with means for
evacuating said tank chamber through said branch passage outlet.    3. A
block valve as claimed in claim 1 in combination with means for
continuously evacuating said tank chamber.    4. A block valve as claimed
in claim 1 in combination with means for evacuating said tank chamber to
thereby produce a vacuum at said gas feed passage inlet when said second
valve opens said branch passage.    5. A block valve as claimed in claim 1
wherein said first and second valves each have a metal diaphragm for
directly contacting a valve seat to thereby selectively open and close a
passage.    6. A block valve as claimed in claim 5 and further comprising
actuator means for selectively opening said 



valves.    7. A block valve as claimed in claim 6 wherein said  actuator
means comprises a pneumatic actuator.
This is the replacement sheet                           17  Substitute
sheet - 13 March 1999     8. A block valve as claimed in claim 6 wherein
said actuator means comprises a drive motor.   9. A block valve as claimed
in claim 6 wherein said actuator means comprises a manually operated
controller.   10. A block valve as claimed in claim 1 wherein said tank
chamber has a volume at least as great as the total internal volume of said
gas feed passage and said branch passage upstream of the first and second
valves.   11. A block valve comprising a valve body having formed therein a
tank chamber, a gas feed passage having a gas feed inlet and a gas feed
outlet, a branch passage having a portion connecting said gas feed passage
to said tank chamber and a branch outlet extending from said tank chamber
to a side of said valve body, a first valve mounted on said valve body for
selectively opening and closing said gas feed passage at a point downstream
of where said branch passage connects with said gas feed passage, and a
second valve mounted on said valve body for selectively opening and closing
said branch passage at a point between said tank chamber and where said
branch passage connects with said gas feed passage;   valve means connected
by piping to said gas feed inlet for     selectively supplying a first gas
or a second gas to said     gas feed passage; and,   vacuum means for
continuously maintaining a vacuum in     said tank chamberwhereby when said
valve means and     said first valve are all closed to block gas flow
through     said piping and said gas feed passage and said second     valve
is opened, the vacuum in said tank chamber sucks     from said piping, said
branch passage and said gas feed 



passage any residual first or second gas located down-     stream of said
valve means and upstream of first and     second valves.       17a   12. A
block valve, valve means and vacuum means as claimed in claim 11 wherein
said tank chamber has an internal volume at least as great as the total
volume of said piping, said branch passage and said gas feed passage
downstream of said valve means and upstream of the first and second valves.


