
*159154* A Diaphragm Valve for the Vacuum Exhaustion
System Field of the Invention The present invention is
applicable to, for example, the semiconductor  5
manufacturing equipment. More particularly, the
present invention is  concerned with improvements in a
diaphragm valve to be used in the system for  the
vacuum exhaustion from a process chamber employed in
the semiconductor  manufacturing. Background of the
Invention 10 Generally, a gas having high chemical
reactivity is supplied to the process  chamber used in
the semiconductor manufacturing facilities and the
like.  Accordingly, the vacuum exhaustion system for
the process chamber is required  to exhaust high
reactivity gases in safety and with a high degree of
efficiency. Normally, the piping system in the
semiconductor manufacturing facilities  15 comprises a
system to supply a gas to the process chamber, the
process  chamber, the vacuum exhaustion system, vacuum
pumps, a diaphragm valve  and the like. For the vacuum
pumps, a plural number of pumps, that is, a  primary
pump (of the high vacuum type) installed immediately
after the process  chamber and a secondary pump (of
the low vacuum type) installed on the 20 secondary
side thereof are employed. A turbocharged molecular
pump is used  for the high vacuum type one, while a
scroll type pump is used for the low  vacuum type one.
To effect an efficient exhaustion from the process
chamber, it is necessary  to employ an exhaustion pump
having a high compression ratio which can 



1  operate with a high velocity of exhaustion (1/min)
even if the suction pressure is  low. However, in
reality, the vacuum exhaustion pump having a high
compression ratio is not easily available. Therefore,
in the conventional system  for the vacuum exhaustion
from the process chamber, in order to deal with two 5
challenges, i.e., one that the gas is to be exhausted
with a high degree of  efficiency using a pump having
a relatively low compression ratio, and the other
that the pump overload is to be avoided by keeping
small a pressure difference  between the primary side
and secondary side of the vacuum exhaustion system,
the pipings having a large diameter (a nominal
diameter of approximately 4 10 inches) have been
employed. For the same reason, the diaphragm valve
with  a large diameter has been employed. The fluid
flow is classified into two regions, i.e., the viscous
flow region  and the molecular flow region with regard
to the relationship between the  pressure and the
inside diameter of the flow passage. To effect an
efficient 15 exhaustion, it is required that the
exhaustion be conducted in the viscous flow  region.
To achieve the viscous flow region, the inside
diameter D of the flow  passage should be L_<D (where
L: the mean free path of the gas molecule and  D: the
inside diameter of the flow passage). There exists the
relation, L=4.98 x 10"3 /P, between the mean free path
of the gas molecule L and the  20 pressure P. On the
basis of this, the relationship between the pressure
and the  inside diameter to attain the viscous flow
region inside the pipings is obtained.  Accordingly,
by raising the pressure higher, the mean free path L
can be made  



smaller with the result that the inside diameter D of
the pipings to attain the  viscous flow region is made
small. 2 However, as stated above, with the
conventional pump having a  comparatively small
compression ratio (approximately 10), it is not
possible to  raise the pressure on the discharge
outlet side. For example, if the pressure on  the
chamber side (the intake inlet side) is 10"3 Torr, the
discharge outlet side 5 pressure becomes as low as
approximately 10"2 Torr. This means that the  pipings
having an inside diameter of 5cm or more are required
to attain the  viscous flow region with more
certainty. As a result, with the conventional  vacuum
exhaustion system, there is a problem that since the
piping system  having a large diameter is required,
the facilities are made large-sized. Further, 10 there
is another problem that since a larger inside diameter
of the vacuum pipe  system means a larger volume
inside the pipe, it takes a longer time for the
vacuum exhaustion Furthermore, to effect the
exhaustion operation efficiently  in a short time by
the vacuum exhaustion system, an expensive vacuum pump
having a large compression ratio and a high velocity
of exhaustion is needed. 15 In recent years, however,
the pump having high performance capabilities,  or
specifically, one which realizes a high compression
ratio of approximately  103 _104 has been developed.
As a result, it is now possible to increase the
discharge side pressure of the primary pump to
approximately 30-5OTorr even  when the internal
pressure of the process chamber is around 10"3 Torr.
20 Accordingly, by optimizing the pressure conditions
of the process chamber and  the vacuum exhaustion
system, it is now possible to secure the viscous flow
region in the pipings having a small diameter of
approximately 0.5cm. 



However, if the pressure is raised as mentioned above,
moisture or gas  condenses in the vacuum exhaustion
piping system and adheres to the inside of 3 the
pipings. Further, even if the condensation and
adherence of water, moisture or  gas caused by the
pressure rise do not occur, the decomposition of the
gas  remaining inside the pipings happens when the
vacuum pump is out of operation. 5 As a result,
substances produced by the gas decomposition
accumulates inside  the pipings and piping parts of
the valve, causing the corrosion of the parts, the
clogging of the valves by the substances as produced
and the valve seat  leakages. To solve such problems,
it is required to keep the inside of the piping  10
system lower than the saturated vapor pressure of gas,
water or moisture therein.  Hence, it is a common
practice, with the vacuum exhaustion system, to effect
heating (baking). (In the case of water, the saturated
vapor pressure is  17.53Torr at 200C.) That is, when
the temperature is raised by the heating, the
saturated vapor pressure rises, making it difficult
for the condensation and 15 adherence of water,
moisture or gas to occur with the result that the risk
of the  corrosion and cloggings is reduced. It is
known that it is desirable to raise the  temperature
to approximately 1509C, considering the type of the
gas inside the  vacuum exhaustion system. However, the
gas is decomposed (or dissociated) when the
temperature  20 rises. Here occurs another problem
that the substances produced by the  decomposition of
the gas adhere to the inside of the pipings and, as a
result,  cause the corrosion and the like. 



The decomposition of the gas is caused by catalysis of
the metal  components of the inner wall of the
pipings. Figure 3 illustrates, as an example,  the
relationship between the temperatures and the
decomposition of various  gases in the case of Spron.
As apparent from Figure 3, the gases which are  100ppm
at the room temperature, starts decreasing due to the
decomposition  along with the rise of the temperature.
5 In the system for the vacuum exhaustion of the
process chamber, a direct  touch type metal diaphragm
valve is commonly used as, for example, shown in  the
Patent Literature 1. Basically, the said diaphragm
valve comprises a body provided with a  flow-in
passage, a flow-out passage, and a valve seat formed
between the  10 passages; a diaphragm installed in the
body and permitted to rest on and move away from the
valve seat; and a driving means installed in the body
operating to  allow the diaphragm to rest on and move
away from the valve seat. [Patent Literature 1]
Japanese Patent No.3343313  Obiect of the Invention 15
The problems with this type of valve are as follows.
That is, the major  constituent components such as the
body, the diaphragm and the likes are made  of metals.
In addition, comparing with the pipings, there are
found more  curvatures and parts where the gas is
retained or trapped with the result that  there exist
some parts where the pressure and temperature are
locally changed. 20 Further, since the inside volume
is large, a great amount of gas is likely to be
trapped and the inside surface areas are large. As a
result, the corrosions,  cloggings and valve seat
leakages caused by the accumulation (or deposition)  



and adherence of the substances produced by the
thermal decomposition (or  thermolysis) of the gas are
likely to occur. 5 The present invention has been
created to solve the above mentioned  problems. An
object of the present invention is to provide a
diaphragm valve  for the vacuum exhaustion system
which can prevent the corrosions caused by  the
accumulation and adherence of the substances produced
by the thermal 5 decomposition of the gas, the
cloggings caused by the substances as produced,  and
the valve seat leakages, It is also an object of the
present invention to  provide a valve for the vacuum
exhaustion system which can make the facilities  for
the vacuum exhaustion system small-sized and, as a
result, lower the costs,  and further reduce the
diameter of the pipings for the vacuum exhaustion
system  10 for shortening the vacuum exhaustion time.
Disclosure of the Invention The diaphragm valve for
the vacuum exhaustion system according to the  present
invention comprises a body having a flow-in passage, a
flow-out  passage, and a valve seat formed between the
passages; a diaphragm installed 15 in the body and
permitted to rest on and move away from the valve
seat; and a  driving means provided on the body to
allow the diaphragm to rest on and move  away from the
valve seat, wherein a synthetic resin film of a
predetermined  thickness is coated on the
fluid-contacting parts of the afore-mentioned body
and diaphragm. 20 When the driving means is operated
for closing the valve, the diaphragm  is allowed to
rest on the valve seat by the elastic deformation of
the diaphragm,  thus shutting off the flow of the
fluid from the flow-in passage to the flow-out  



passage. Conversely, when the driving means is
operated for opening the valve,  the diaphragm returns
to its original shape by self-elasticity and, as a
result,  moves away from the valve seat, thus allowing
the fluid to flow from the flow-in  passage to the
flow-out passage. The fluid-contacting parts of the
body and diaphragm are coated with the  5 synthetic
resin film of the predetermined thickness (for
example, thickness of  50-1 00p m), preventing the
substances produced by the thermal decomposition  of
the gas from directly contacting and adhering to the
liquid-contacting parts.  As a result, the
liquid-contacting parts are not corroded. Since the
synthetic resin film of the predetermined thickness is
coated on  10 the liquid-contacting parts of the body
and diaphragm, the diaphragm is allowed  to rest on
the valve seat via the fluid-contacting parts, thereby
making it possible  to for the diaphragm to rest on
the valve seat more softly than in the case where  the
two metal parts are brought into a direct contact with
each other. As a result,  damages to and abrasion of
the valve seat and the diaphragm are prevented. 15 For
the synthetic resin film, the fluorine-contained resin
is desirable. In  particular, polytetrafluoroethylene
resin (PTFE), fluorinated ethylene-propylene
copolymer (FEP),
tetrafluoroethylene-perfluoroalkylevinyI ether
copolymer (PFA)  are preferred. With this
construction, the manufacturing can be made easy
because the widely-used common products can be
employed, thus reducing the  20 costs. The parts where
the synthetic resin film is coated are desirably the
surfaces of the flow-in passage, the flow-out passage
and the valve seat, and  



further the lower side of the diaphragm all of which
the fluid is allowed to contact.  In this manner, the
coating is limited to the parts where the coating is
necessary, 7 thus further making it possible to reduce
the costs.  Brief Description of the Drawings Figure 1
is a longitudinal sectional view of a diaphragm valve
according to  the present invention. 5 Figure 2 is a
longitudinal sectional view of an enlarged essential
part of  Figure 1. Figure 3 is a graph to show the
relationship between the decomposition  and
temperatures of various gases where Spron is coated
with Teflon. Figure 4 is a graph to show the
relationship between the decomposition  10 and
temperatures of various gases where Spron is employed.
List of Reference Numerals 1 a diaphragm valve  2 a
body 3 a diaphragm 15 4 a driving means 5 a synthetic
resin film  6 a flow-in passage 7 a flow-out passage
8 a valve seat 20 9 a valve chamber  10 a valve seat
body  11 a holding body 



12 a valve seat body accommodating part  13 a holding
body accommodating part 8 14 an engaging step part  15
an engaging step part  16 a communication bore  17 a
gasket 5 18 a bonnet 19 a bonnet nut  20 a stem 21 a
diaphragm presser  22 a supply port 10 23 a cylinder
24 a coil spring 25 a fluid-contacting part  Mode of
Carrying Out the Invention The embodiment in
accordance with the present invention is described  15
hereunder with reference to the drawings. Figure 1 is
a longitudinal sectional view of a diaphragm valve
according to  the present invention. Figure 2 is a
longitudinal sectional view of an enlarged  essential
part of Figure 1. Figure 3 is a graph to show the
relationship between  the decomposition and
temperatures of various gases where Spron is coated
20 with Teflon. A major part of the diaphragm valve 1
comprises a body 2, a diaphragm 3,  a driving means 4
and a synthetic resin film 5. The diaphragm valve 1 is
a  



normally open, direct touch type valve which is
employed between a process  chamber and a primary
pump, or between the primary pump and a secondary 9
pump in the vacuum exhaustion system. The body 2
includes a flow-in passage 6, a flow-out passage 7 and
a  valve seat 8 formed between the two passages and
made of stainless steel (i.e.,  SUS316L and the like)
in this case. That is, the body 2 comprises the
flow-in 5 passage 6, the flow-out passage 7, a valve
chamber 9 communicating with the  passages 6, 7 and
formed with an open upper end, and a valve seat 8
provided  between the flow-in passage 6 and the
flow-out passage 7 in the chamber 9 and  extending
upward. An end of the flow-in passage 6 opening into
the valve  chamber 9 is positioned at the center of
the body 2. 10 The valve seat 8 is formed in a valve
seat body 10 which is a separate  body from the body
2. The valve seat body 10 is made of stainless steel
or  synthetic resin (for example,
polytetrafluoroethlene resin and the like), and
includes a holding body 11 made of the same material
which works to fix the  valve seat body 10 inside the
body 2. 15 The body 2 is provided with a valve seat
body accommodating part 12  which accommodates the
valve seat body 10 and a holding body  accommodating
part 13 which accommodates the holding body 11 and is
deeper  than the valve seat body accommodating part
12. That is, the valve seat body  accommodating part
12 and the holding body accommodating part 13 are 20
formed concentrically at the lower part of the valve
chamber 9 of the body 2,  centering around the flow-in
passage 6. The valve seat body 10 is ring-shaped and
is provided with an engaging  



step part 14 formed by cutting off at the upper part
of the outer periphery thereof.  The holding body 11
is ring-shaped and is provided an the engaging step 10
part 15 formed by cutting off at the lower part of the
inner periphery thereof to  engage with the engaging
step part 14. The holding body 11 is provided with a
plural number (4) of communication bores 16
communicating with the flow-out  passage 7 of the body
2. 5 Thus, the holding body 11 is fitted around the
valve seat body 10, and  also fitted in the valve
chamber 9 of the body 2 and accommodated in the
holding body accommodating part 13 of the body 2. The
diaphragm 3 is provided in the body 2, and allowed to
rest on and  move away from the valve seat 8. In this
example, the diaphragm 3 made of  1o Spron (austenitic
stainless steel) is in the inverted dish shape and is
formed of an ultra-thin metal sheet. The diaphragm 3
is placed inside the valve chamber  9, keeping the
valve chamber 9 air-tight such that the diaphragm 3 is
allowed to  rest on and move away from the valve seat
8 by elastic deformation in the  upward and downward
directions. 15 The outer periphery of the diaphragm 3
is held between a stainless steel  made bonnet 18 and
the body 2 with a gasket 17 being placed between the
diaphragm 3 and the bonnet 18. The bonnet 18 is fixed
on the body 2 with a  stainless-steel-made bonnet nut
19 screwed on the body 2. The driving means 4 is
mounted on the body 2 and works to permit the  20
diaphragm 3 to rest on and move away from the valve
seat 8. In this example,  the driving means 4 is
pneumatically operated. The driving means 4 includes a
stainless-steel-made stem 20 penetrating through the
bonnet 19 and allowed to  



ascend and descend, and a diaphragm presser 21 made of
synthetic resin (for  example, polytetrafluoroethylene
resin) or synthetic rubber and fitted at the lower 11
end part of the stem 20 to thrust the center part of
the diaphragm 3. The driving  means 4 is further
provided with a cylinder 23 having a supply port 22 to
supply  the air for operation and mounted on the
bonnet 19 to surround the upper part of  the stem 20,
a piston (not illustrated) mounted on the upper part
of the stem 22 5 to slidably ascend and descend inside
the cylinder 23, an O-ring (not illustrated)  fitted
on the outer periphery of the piston for sealing a gap
between the piston  and the cylinder 23, and a coil
spring 24 to urge the stem 20 downward. The synthetic
resin film 5 is a film of a prescribed thickness with
which the  fluid-contacting parts 25 of the body 2,
the diaphragm 3 and the valve seat body  10 10 are
coated. In this example, Teflon (Trade Mark) of
50-100,4 m thick is used for the coating. In the event
that the coating is thinner than 50 u m, it is
difficult  to prevent the catalytic effects of the
metal parts. On the other hand, in the  event that the
coating is thicker than 100 u m, the liquid flow and
the operation of  the diaphragm 3 of resting on and
moving away from the valve seat 8 will be 15 hindered.
Hence, it is desirable that the coating is 50-100,4 m
thick. The fluid  contacting parts 25 are the surfaces
of the flow-in passage 6, the flow-out  passage 7, the
valve seat 8 (the valve seat body 10 and the holding
body 11),  and the lower face of the diaphragm 3. Any
method can be used to coat the synthetic resin film 5.
With the  20 present embodiment, the film is formed by
the method of application and baking.  Needless to
say, in the event that the afore-mentioned valve seat
body 10  (including the holding body 11) is made of
fluorine-contained resin and the like,  



the forming of the afore-mentioned synthetic resin
film 5 on the valve seat body  10 is not necessary. 12
Operation of the Invention Next, operation of the
present invention constructed as mentioned above  is
described hereunder. When the driving means 4 is
operated to make the piston and the stem 20  5
descend, the center part of the diaphragm 3 is pushed
downward by the stem 20,  and rests on the valve seat
8, thus blocking the communication between the
flow-in passage 6 and the flow-out passage 7 to bring
the valve closing state. Conversely, when the driving
means 4 is operated to make the piston and  the stem
20 ascend, the diaphragm 3 returns to the original
shape due to  10 self-elasticity and the fluid
pressure in the body 2 so that the diaphragm moves
away from the valve seat 8 to open the communication
between the flow-in  passage 6 and the flow-out
passage 7 to bring the valve opening state. Since the
synthetic resin film 5 of the predermined thickness is
coated on  the fluid-contacting parts 25 of the body 2
and the diaphragm 3, the substances  15 produced by
the thermal decomposition of gas are not allowed to
directly adhere to the fluid-contacting parts 25. This
prevents the fluid-contacting parts 25 from  being
corroded. Also, this makes it possible to make the
facilities for the  vacuum exhaustion system
small-sized, as a result, lower the costs, and,
furthermore, reduce the diameter of the vacuum
exhaustion pipings for 20 shortening the vacuum
exhaustion time. Of course, long life of the diaphragm
valve 1 is assured. Since the synthetic resin film 5
of the predetermined thickness is coated  



on the fluid-contacting parts 25 of the body 2 and the
diaphragm 3, the  diaphragm 3 is permitted to rest on
the valve seat 8 via the fluid-contacting parts 13 25,
thereby making it possible for the diaphragm 3 to rest
on the valve seat 8  more softly than in the case
where the two metal parts are brought into direct
contact with each other. As a result, damages to and
abrasion of the valve seat  8 and the diaphragm 3 are
prevented. 5 Teflon for the synthetic resin film 5 is
sufficiently heat resistant  approximately up to 1500C
against the gases, for example, SiH4 (monosilane),
B2H6 (diborane), PH3 (phosphine), AsH3 (arsine) and
the like which are used in  the semiconductor-related
facilities. Figure 3 is a graph to show the
relationship between the decomposition  10
(concentration) and the temperatures of various gases
used in the  semiconductor-related facilities where
the outer surface of Spron is coated with  Teflon. The
graph reveals that there is no decomposition of gases,
that is, there  is no decrease in the gas
concentration even in the event that the temperature
exceeds 1500C. 15 In this example, the body 2 and the
diaphragm 3 were made of stainless  steel or Spron.
However, it is possible that other metal materials can
be used  to manufacture them. In this example, the
diaphragm 3 is made of a sheet of the ultra-thin meal
plate. However, it is also possible that the diaphragm
3 is made of a plural  20 number of ultra-thin metal
plates stacked one on another. In this example, the
diaphragm 3 is permitted to directly rest on from the
valve seat 8. However, the diaphragm is not limited to
this type. For instance,  



a disc (not illustrated) can be placed on the lower
part of the diaphragm 3 so that  the disc is allowed
to rest on and move away from the valve seat 8. In
this case, 14 it is necessary to urge the disc upward
by a spring (not illustrated). It is also  possible
that a disc (not illustrated) is inserted into the a
hollow center part of the  diaphragm 3, and the inner
peripheral part of the diaphragm 3 and the disc are
air-tightly fitted and secured to each other so that
the afore-mentioned disc is  5 allowed to rest on and
move away from the valve seat 8. In this example, the
driving means 4 was pneumatically operated.  However,
the driving means 4 is not limited to this type. For
example, a  hand-operated method, an electro-magnetic
method, a hydraulic method, and  the like can be
employed instead. 10 In this example, the synthetic
resin film 5 is made of Teflon. However,  other
synthetic resin materials can be employed to form the
synthetic resin film 5. In this example, the valve
seat 8 is formed on the valve seat body 10 which  is a
separate member from the body 2. However, the valve
seat 8 is not limited 15 to this type. For instance,
the valve seat can be integrally formed with the body
2. Effects of the Invention As stated above, the
present invention achieves excellent, practical
effects as follows: 20 (1) The valve is provided with
the body, the diaphragm, the driving means  and the
synthetic resin films. In particular, the fluid-
contacting parts of the  body and the diaphragm are
coated with the synthetic resin films of the  



predetermined thickness, thereby making it possible to
completely prevent the  dissociation (decomposition)
of the gas. As a result, it is possible to prevent 15
the corrosions of the valve members caused by the
accumulation and  adherence of the substances as
produced by the thermal decomposition, the  cloggings
caused by the substances as produced, and the seat
leakages. (2) Since the thermal decomposition is
prevented, it is possible to make  5 the facilities
for the vacuum exhaustion system small-sized, and, as
a result, to  lower the costs. It is also possible to
reduce the diameter of the vacuum  exhaustion system
pipings for shortening the vacuum exhaustion time. 10
15 20 16 What is claimed is: 1 - A diaphragm valve in
the vacuum exhaustion system comprising a body  having
a flow-in passage, a flow-out passage and a valve seat
formed between  5 the passages; a diaphragm installed
in the body and permitted to rest on and move away
from the valve seat; and a driving means provided on
the body to  allow the diaphragm to rest on and move
away from the valve seat, wherein  synthetic resin
films of a predetermined thickness are coated on the
fluid-contacting parts of the afore-mentioned body and
diaphragm. 10 2. A diaphragm valve in the vacuum
exhaustion system as claimed in Claim 1  wherein the
synthetic resin film is a fluorine-contained resin
film. 3. A diaphragm valve in the vacuum exhaustion
system as claimed in Claim 1  



wherein the fluid-contacting parts are surfaces of the
flow-in passage, flow-out  passage and the valve seat
of the body, and also the lower surface of the  15
diaphragm. 4. A diaphragm valve in the vacuum
exhaustion system as claimed in Claim 2  wherein the
fluorine-contained resin is polytetrafluoroethylene
resin (PTFE),  fluorinated ethylene-propylene
copolymer (FEP) or
tetrafluoroethylene-perfluoroalkylevinyI ether
copolymer (PFA). 20 17 


