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ACTIVELY COOLED VACUUM ISOLATION 
VALVE 

peratures above 300° C . , most aluminum alloys have lost 
substantial mechanical strength . 

BACKGROUND 

1 . Technical Field 

[ 0001 ] The present disclosure is related to vacuum isola 
tion valves and , in particular , to vacuum isolation valves 
with active cooling . 

2 . Discussion of Related Art 
[ 0002 ] Bellows - sealed , poppet vacuum isolation valves 
are commonly used in semiconductor processing systems . 
The valves are commonly heated to a specific temperature 
from the outside in order to prevent byproducts from the 
chemical vapor deposition ( CVD ) process being performed 
from condensing in the valves . 
10003 ] A challenging application for an isolation valve is 
isolating a flow of reactive gas . Atomic fluorine , for 
example , is commonly used for chamber cleaning , and is 
introduced from a remote plasma source . In certain appli 
cations , it is useful to place an isolation valve between the 
remote plasma source and the chamber . It is important that 
the valve not reduce the atomic fluorine concentration , have 
high conductance , and be reliable in the application . 
10004 ] There are multiple challenges to the valve in this 
application . First , the atomic fluorine is extremely reactive , 
so materials that come in contact with the processing must 
be carefully selected . Second , the gas temperature inside the 
remote plasma source , e . g . , ASTRON remote plasma source 
sold by MKS Instruments , Inc . , is on the order of 3000K , 
although at typical pressures of approximately 10 Torr , the 
heat transported by the gas is moderate . 
[ 0005 ] A significant problem is that when the atomic 
fluorine collides with a surface , it has an increased prob 
ability of recombining into molecular F , . The recombination 
of atomic fluorine into molecular fluorine is an exothermic 
reaction that can generate significant heat on the internal 
components of a vacuum valve . Similarly , oxygen or hydro 
gen radicals that are produced will have a tendency to 
recombine and generate heat when colliding with surfaces 
inside the valve . For example , with 1 slm of NEz entering the 
remote plasma source , the heat load on surfaces downstream 
of the remote plasma source is on the order of 50 mW / cm ^ 2 . 
[ 0006 ] Although the total heat input may be relatively 
small ( on the order of 500 mW - 5 W ) , there is typically high 
thermal resistance between the moving components of a 
valve and a cold sink , and therefore the moving components 
can reach excessive temperatures . The moving part of the 
valve that forms the seal , commonly the nosepiece , has a 
very poor conduction path to air at atmosphere where natural 
convection can occur . The stem and bellows are typically a 
welded assembly fabricated from stainless steel , which has 
poor thermal conductivity . In the vacuum space , the pres 
sures are typically on the order of 1 - 10 Torr , where convec 
tion and conduction effects are negligible . Even when the 
valve is closed , the designs are careful to avoid metal to 
metal contact between the nosepiece and seat . So , with a 
moderate power input to the valve internals of several watts , 
internal temperatures can get extremely high . At tempera 
tures above 250° C . , most elastomer or perfluoroelastomer 
seals will have exceeded their temperature rating . At tem 

SUMMARY 
[ 0007 ] According to a first aspect , a cooled isolation valve 
is provided . The valve includes a valve body , a stationary 
element coupled to the valve body and stationary with 
respect to the valve body , and a movable closure element 
being movable with respect to the stationary element 
between a closed position in which the movable closure 
element and the stationary element are brought together and 
an open position . One of the movable closure element and 
the stationary element comprises a sealing element . In the 
closed position of the movable closure element , the sealing 
element provides a seal between the movable closure ele 
ment and the stationary element . A fluid channel is formed 
in contact with the movable closure element and is movable 
with the movable closure element with respect to the sta 
tionary element , such that a fluid in the fluid channel effects 
heat transfer in the movable closure element . 
[ 0008 ] In some exemplary embodiments , the cooled iso 
lation valve further comprises a sensor for detecting whether 
the movable closure element is in the open position or the 
closed position and an actuator for inhibiting flow of the 
fluid when the sensor detects that the movable closure 
element is in the closed position . 
[ 0009 ] In some exemplary embodiments , the cooled iso 
lation valve further comprises a pneumatic actuation device 
for controlling movement of the movable closure element 
and a bellows for isolating the pneumatic actuation device 
from an environment within the valve body . In these 
embodiments , the bellows are disposed adjacent to the 
pneumatic actuation device radially from a longitudinal axis 
of the valve and at least partially overlapping the pneumatic 
actuation device along the longitudinal axis . 
[ 0010 ] In some exemplary embodiments , the sealing ele 
ment comprises an O - ring . In some exemplary embodi 
ments , the valve further comprises a groove in one of the 
stationary element and the movable closure element , the 
O - ring being disposed in the groove and a surface of the 
O - ring protruding from the groove . A protrusion in a surface 
of the other of the stationary element and the movable 
closure element contacts a portion of the protruding surface 
of the O - ring when the movable closure element is in the 
closed position , such that the O - ring is free to expand and 
contract . 
[ 0011 ] In some exemplary embodiments , the sealing ele 
ment comprises an O - ring . In some exemplary embodi 
ments , the valve further comprises a groove in one of the 
stationary element and the movable closure element , the 
O - ring being disposed in the groove and a surface of the 
O - ring protruding from the groove . A concave feature in a 
surface of the other of the stationary element and the 
movable closure element contacts a portion of the protruding 
surface of the O - ring when the movable closure element is 
in the closed position , such that the O - ring is free to expand 
and contract . 
[ 0012 ] In some exemplary embodiments , the valve is a 
poppet valve . In these embodiments , the movable closure 
element can comprise a nosepiece of the poppet valve . The 
stationary element can comprise a valve seat of the poppet 
valve . At least a portion of the cooling channel can be 
formed in the nosepiece . The nosepiece can be coupled to a 
movable stem of the cooled isolation valve . At least a 
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portion of the cooling channel can be formed in the stem . 
The sealing element can comprise an O - ring in a groove , the 
groove being formed in a nosepiece of the poppet valve . 
[ 0013 ] . In some exemplary embodiments , the valve is a 
gate valve . In these embodiments , the movable closure 
element can comprise a gate movable between the closed 
position and the open position and a shaft fixedly attached to 
the gate , rotation of the shaft causing movement of the gate 
between the open and closed positions . The stationary 
element can comprise a valve seat . At least a portion of the 
cooling channel can be formed in the gate . At least a portion 
of the cooling channel can be formed in the shaft . The 
sealing element can comprise an O - ring in a groove , the 
groove being formed in the gate . 
[ 0014 ] In some exemplary embodiments , the valve is a 
butterfly valve . In these embodiments , the movable closure 
element can comprise a flapper movable between the closed 
position and the open position and a shaft fixedly attached to 
the flapper , rotation of the shaft causing movement of the 
flapper between the open and closed positions . The station 
ary element can comprises walls of an opening through the 
valve . At least a portion of the cooling channel can be 
formed in the flapper . At least a portion of the cooling 
channel can be formed in the shaft . 
[ 0015 ] In some exemplary embodiments , the fluid can 
comprise a gas or a liquid . For example , the fluid can 
comprise air , nitrogen ( N2 ) , water , a heat transfer fluid , or 
some combination of these fluids . 
[ 0016 ] According to another aspect , a method of forming 
a bellows for an isolation valve is provided . According to the 
method , a metallic bellows substrate is provided . The metal 
lic bellows substrate is configured to one of a compressed 
state and an elongated state . While maintained in that state , 
a first layer of a ceramic coating is applied to the metallic 
bellows substrate . The metallic bellows substrate is transi 
tioned to the other of the compressed state and the elongated 
state . While maintained in that state , a second layer of the 
ceramic coating is applied . 
[ 0017 ] In some exemplary embodiments , the metallic bel 
lows substrate is formed of stainless steel . 
10018 ] . In some exemplary embodiments , the ceramic 
coating comprises aluminum oxide . 
0019 ] In some exemplary embodiments , a ratio of thick 
ness of the metallic bellows substrate to thickness of the 
ceramic coating is greater than 100 : 1 . 
[ 0020 ] According to another aspect , a bellows for a 
vacuum isolation valve is provided . The bellows includes a 
metallic substrate and a coating of ceramic material formed 
over the metallic substrate . 
[ 0021 ] In some exemplary embodiments , the metallic bel 
lows substrate is formed of stainless steel . 
[ 0022 ] In some exemplary embodiments , the ceramic 
coating comprises aluminum oxide . 
[ 0023 ] In some exemplary embodiments , a ratio of thick 
ness of the metallic bellows substrate to thickness of the 
ceramic coating is greater than 100 : 1 . 

[ 0025 ] FIG . 1 includes a schematic cross - sectional view of 
a conventional bellows - sealed poppet isolation valve . 
[ 0026 ] FIG . 2 includes a schematic cross - sectional dia 
gram of a bellows - sealed poppet isolation valve of the type 
illustrated in FIG . 1 , with active cooling , according to some 
exemplary embodiments . 
10027 ) FIG . 3A includes a detailed partial cross - sectional 
view illustrating a portion of the valve of FIG . 2 , according 
to some exemplary embodiments . 
[ 0028 ] FIG . 3B includes a detailed partial cross - sectional 
view illustrating a portion of the valve of FIG . 2 , according 
to some exemplary embodiments . 
[ 0029 ] FIG . 3C includes a detailed partial cut - away view 
illustrating another portion of the valve of FIG . 2 , according 
to some exemplary embodiments . 
[ 0030 ] FIG . 3D includes a detailed partial cut - away view 
illustrating another portion of the valve of FIG . 2 , according 
to some exemplary embodiments . 
10031 ] FIG . 4A includes two schematic cross - sectional 
views , rotated 90 degrees about the longitudinal axis with 
respect to each other , of a poppet isolation valve with active 
cooling , according to some exemplary embodiments . 
[ 0032 ] FIG . 4B includes a schematic cross - sectional view 
of a portion of the poppet isolation valve illustrated in FIG . 
4A , according to some exemplary embodiments . 
[ 0033 ] FIG . 5 includes a schematic functional diagram of 
a system utilizing the valve of FIGS . 4A and 4B , according 
to some exemplary embodiments . 
[ 0034 ] FIG . 6A includes two perspective views , rotated 
180 degrees with respect to each other , of a pendulum / gate 
isolation valve with active cooling , according to some 
exemplary embodiments . 
[ 0035 ] FIG . 6B is a schematic top cross - sectional view of 
the pendulum / gate isolation valve with active cooling of 
FIG . 6A , according to some exemplary embodiments . 
[ 0036 ] FIG . 6C is a schematic side cross - sectional 
enlarged detail view of the pendulum / gate isolation valve 
with active cooling of FIG . 6A , according to some exem 
plary embodiments . 
[ 0037 ] FIG . 7A includes a pictorial view of a butterfly 
pressure control valve . 
[ 0038 ] FIG . 7B includes two schematic diagrams , rotated 
90 degrees with respect to each other , of a flapper for a 
butterfly control valve with active cooling , according to 
some exemplary embodiments . 
[ 0039 ] FIG . 8A includes a schematic cross - sectional view 
of a bellows - sealed poppet isolation valve with active cool 
ing , in which the bellows is disposed radially adjacent to and 
outward of pneumatic control elements , in a closed state , 
according to some exemplary embodiments . 
[ 0040 ] FIG . 8B includes a schematic cross - sectional view 
of the bellows - sealed poppet isolation valve of FIG . 8A , in 
an open state , according to some exemplary embodiments . 
[ 0041 ] FIG . 9A includes a schematic partially cut - away 
perspective view of the bellows - sealed poppet isolation 
valve of FIG . 8A , in a closed state , according to some 
exemplary embodiments . 
[ 0042 ] FIG . 9B includes a schematic partially cut - away 
perspective view of the bellows - sealed poppet isolation 
valve 300 of FIG . 8A , in an open state , according to some 
exemplary embodiments . 

ne 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0024 ] The present disclosure is further described in the 
detailed description which follows , in reference to the noted 
plurality of drawings by way of non - limiting examples of 
embodiments of the present disclosure , in which like refer 
ence numerals represent similar parts throughout the several 
views of the drawings . 
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[ 0043 ] FIG . 10A includes a schematic cross - sectional 
view of the bellows - sealed poppet isolation valve of FIG . 
8A , in a closed state , according to some exemplary embodi 
ments . 
10044 ) FIG . 10B includes a schematic cross - sectional 
view of the bellows - sealed poppet isolation valve of FIG . 
8A , in an open state , according to some exemplary embodi 
ments 
[ 0045 ] FIG . 11A includes a schematic perspective view of 
the bellows - sealed poppet isolation valve of FIG . 8A , 
according to some exemplary embodiments . 
0046 ] FIG . 11B includes a schematic perspective view of 

the bellows - sealed poppet isolation valve of FIG . 8A , 
rotated 90 degrees with respect to the view of FIG . 11A , 
according to some exemplary embodiments . 
[ 0047 ] FIG . 12A includes a schematic detailed cross 
sectional diagram of a conventional O - ring seal configura 
tion , at initial contact of the O - ring . 
[ 0048 ] FIG . 12B includes a schematic detailed cross 
sectional diagram of the conventional O - ring seal configu 
ration of FIG . 12A , with the O - ring fully compressed . 
[ 0049 ] FIG . 13A includes a schematic detailed cross 
sectional diagram of an O - ring seal configuration with 
reduced O - ring wear , at initial contact of the O - ring , accord 
ing to some exemplary embodiments . 
[ 0050 ] FIG . 13B includes a schematic detailed cross 
sectional diagram of the O - ring seal configuration of FIG . 
13A , with the O - ring fully compressed , according to some 
exemplary embodiments . 
[ 0051 ] FIG . 14A includes a schematic detailed cross 
sectional diagram of an O - ring seal configuration with 
reduced O - ring wear , at initial contact of the O - ring , accord 
ing to some exemplary embodiments . 
10052 ] FIG . 14B includes a schematic detailed cross 
sectional diagram of the O - ring seal configuration of FIG . 
14A , with the O - ring fully compressed , according to some 
exemplary embodiments . 
[ 0053 ] FIG . 15A includes a schematic cross - sectional 
view of formed valve bellows . 
[ 0054 ] FIG . 15B includes a schematic cross - sectional 
view of welded valve bellows . 
10055 ] FIG . 16 includes a schematic detailed cross - sec 
tional view of a portion of a formed bellows , in which a 
multilayer coating of aluminum oxide is formed on a bel 
lows substrate , according to some exemplary embodiments . 
[ 0056 ] FIG . 17 includes a schematic logical flow diagram 
of the logical flow of a process of applying multilayer 
ceramic coating to a bellows substrate , according to some 
exemplary embodiments . 

flanges 14 and 16 , for example , to isolate the processing 
chamber from the source of reactive gases . 
[ 0059 ] Valve 10 is typically controlled pneumatically via 
a pneumatic air inlet 20 . High - pressure air introduced at air 
inlet 20 causes actuator 22 to move pneumatic piston 24 
upwardly , carrying the fixedly attached stem 26 in the 
upward direction , sliding within stem guide 28 and stem 
bushings 30 . Pneumatic seals 40 seal the pneumatic chamber 
to maintain elevated air pressure needed to actuate pneu 
matic piston 24 . Nosepiece 32 is fixedly attached to the end 
of stem 26 and is forced upwardly against the bias force of 
spring 34 away from seat 38 to open valve 10 , such that 
valve inlet and outlet communicate across internal chamber 
18 . This allows , for example , reactive gases to flow from the 
reactive gas source to the processing chamber . A spring 
bushing 48 can be used as a stroke stop by interfering with 
the travel of nosepiece 32 . 
[ 0060 ] Internal chamber 18 is sealed at the top by bonnet 
plate 42 and bonnet seal 44 between bonnet plate 42 and the 
interior wall of valve body 12 . Internal valve components 
such as stem 26 and nosepiece 32 are isolated from internal 
chamber 18 by bellows 46 . The interior of bellows 46 is 
vented to atmosphere via bellows vent 50 . Bellows 46 is 
fixedly mounted to the interior wall of valve body 12 at 
bellows flange 52 . 
[ 0061 ] FIG . 2 includes a schematic cross - sectional dia 
gram of a bellows - sealed poppet isolation valve 100 of the 
type illustrated in FIG . 1 , with active cooling , according to 
exemplary embodiments . In exemplary embodiments of 
valve 100 illustrated in FIG . 2 , active cooling of the nose 
piece and bonnet flange or plate are used to remove heat 
from the valve internal components . For example , in some 
particular exemplary embodiments , with forced air cooling , 
4 watts of heat can be removed by 10 slm of air , causing the 
air temperature to decrease by 20° C . 
[ 0062 ] Referring to FIG . 2 , valve 100 includes valve body 
112 which encloses at least the internal low - pressure cham 
ber 118 of valve 100 . Valve flanges 114 and 116 are used to 
fixedly connect valve 100 between , for example , a process 
ing chamber ( not shown ) and a source of reactive gases , 
such as a plasma generation system ( not shown ) . 
[ 0063 ] In the closed state of valve 100 illustrated in FIG . 
2 , nosepiece 132 is sealed via nosepiece vacuum seal or 
nosepiece O - ring 136 to valve seat 138 , under the bias force 
of spring 134 . In this normally closed state , valve 100 
isolates valve inlet and outlet at flanges 114 and 116 , for 
example , to isolate the processing chamber from the source 
of reactive gases . 
[ 0064 ] Valve 100 can be controlled pneumatically via a 
pneumatic air inlet 120 . High - pressure air introduced at air 
inlet 120 causes pneumatic piston 124 to move upwardly , 
carrying the fixedly attached stem 126 in the upward direc 
tion . Pneumatic seals 140 seal the pneumatic chamber to 
maintain elevated air pressure needed to actuate pneumatic 
piston 124 . Nosepiece 132 is fixedly attached to the end of 
stem 126 and is forced upwardly against the bias force of 
spring 134 away from seat 138 to open valve 100 , such that 
valve inlet and outlet communicate across internal chamber 
118 . This allows , for example , reactive gases to flow from 
the reactive gas source to the processing chamber . A spring 
bushing 148 can be used as a stroke stop by interfering with 
the travel of nosepiece 132 . 
[ 0065 ) Internal chamber 118 is sealed at the top by bonnet 
plate or flange 142 and bonnet seal 144 between bonnet plate 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[ 0057 ] FIG . 1 includes a schematic cross - sectional view of 
a conventional bellows - sealed poppet isolation valve 10 . 
Referring to FIG . 1 , valve 10 includes valve body 12 which 
encloses at least the internal low - pressure chamber 18 of 
valve 10 . Valve flanges 14 and 16 are used to fixedly connect 
valve 10 between , for example , a processing chamber ( not 
shown ) and a source of reactive gases , such as a plasma 
generation system ( not shown ) . 
[ 0058 ] In the closed state of valve 10 illustrated in FIG . 1 , 
nosepiece 32 is sealed via nosepiece vacuum seal 36 to valve 
seat 38 , under the bias force of spring 34 . In this normally 
closed state , valve 10 isolates valve inlet and outlet at 
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or flange 142 and the interior wall of valve body 112 
Internal valve components such as stem 126 and nosepiece 
132 are isolated from internal chamber 118 by bellows 146 . 
[ 0066 ] FIG . 3A includes a detailed partial cross - sectional 
view illustrating a portion of valve 100 of FIG . 2 , according 
to some exemplary embodiments . FIG . 3B includes a 
detailed partial cross - sectional view illustrating a portion of 
valve 100 of FIG . 2 , according to some exemplary embodi 
ments . FIG . 3C includes a detailed partial cut - away view 
illustrating another portion of valve 100 of FIG . 2 , according 
to some exemplary embodiments . FIG . 3D includes a 
detailed partial cut - away view illustrating another portion of 
valve 100 of FIG . 2 , according to some exemplary embodi 
ments . Specifically , FIG . 3A includes a detailed view of a 
cooling channel and cooling flow path in the area of bonnet 
flange or plate 142 , in which the cooling flow path is 
indicated by arrows . FIG . 3B includes a detailed view of the 
cooling channel and flow path in the area of nosepiece 132 , 
in which the cooling flow path is indicated by arrows . FIG . 
3C includes a more detailed view of the cooling channel in 
the area of nosepiece 132 , with selected components 
removed for clarity , in which the cooling flow path is 
indicated by arrows . FIG . 3D includes a more detailed view 
of the cooling channel in the area of nosepiece 132 , with 
selected components removed for clarity , in which the 
cooling flow path is indicated by arrows . 
0067 ] Referring to FIGS . 2 and 3A - 3D , actively cooled 
valve 100 includes an active cooling channel integrated into 
the structure . The cooling fluid , e . g . , air , nitrogen ( N2 ) , 
water , or other such fluid , enters cooling channel 171 of 
valve 100 at cooling inlet 154 at an elevated pressure ( 60 - 80 
psig ) , and passes through a flow limiting orifice 156 , such 
that the fluid pressure downstream of orifice 156 is close to 
atmospheric pressure . Then the fluid travels through 
dynamic sliding seal 158 , down an axial hole in stem 126 , 
and reaches nosepiece 132 . The fluid travels radially out 
ward through a spiral groove or channel 170 formed in 
nosepiece 132 . The spiral groove or channel is configured to 
optimize surface area and heat transfer . The fluid then exits 
spiral groove or channel 170 and enters the volume inside 
bellows 146 and travels upwards . The fluid then enters a 
second spiral groove or channel 164 formed between bonnet 
plate or flange 142 and upper block 160 . The fluid then flows 
radially outward through the second spiral groove or channel 
164 , removing heat from bonnet plate or flange 142 , and 
then exits valve 100 through cooling outlet 162 . The fluid 
can then be ducted to a facility exhaust system to avoid 
generating turbulence that is undesirable in a clean room 
environment . In the case of a liquid cooling fluid , the fluid 
can be collected and disposed of , or it may be recycled 
through the valve , either with or without temperature control 
of the fluid . 
[ 0068 ] Exposure of bellows 146 to process gas can be 
harmful to bellows 146 and , as a result , to valve 100 . In the 
embodiments illustrated in FIGS . 2 and 3A - 3D , bellows 146 
is protected from exposure to the process gas . To that end , 
valve 100 includes nosepiece shield 166 and overlapping 
fixed shield 168 attached to bonnet flange or plate 142 
disposed over bellows 146 . The reactive process gas typi 
cally includes a high percentage of atomic fluorine , oxygen , 
or hydrogen radicals . These atomic species are more likely 
to recombine when adsorbed on a surface due to three - body 
recombination . By increasing the number of molecular wall 
collisions between the reactive gas and shields 166 and 168 , 

the reactive gas is more likely to convert to molecular , less 
reactive molecules , before reaching bellows 146 . This 
reduces the exposure of bellows 146 to the atomic reactive 
gas species , and therefore reduces the heat load on bellows 
146 due to recombination . Bellows 146 , being very thin and 
having poor thermal conductivity , have limited ability to 
dissipate heat that may be generated on the surface of 
bellows 146 . However , shields 166 and 168 are thicker , have 
lower thermal resistance , and are fixed to structures that are 
well cooled . 
[ 0069 ] FIG . 4A includes two schematic cross - sectional 
views , rotated 90 degrees about the longitudinal axis with 
respect to each other , of a poppet isolation valve with active 
cooling , according to some exemplary embodiments . FIG . 
4B includes a schematic cross - sectional view of a portion of 
the poppet isolation valve illustrated in FIG . 4A , according 
to some exemplary embodiments . Referring to FIGS . 4A and 
4B , in actively cooled isolation valve 200 , the cooling fluid 
enters valve 200 via fixed fitting 256 , passes through a flow 
limiting orifice , then enters valve stem 226 by flowing 
between dynamic sliding seals 257 . The cooling fluid then 
flows down stem 226 in supply and return cooling channel 
271 to nosepiece 232 , enters cavity 233 , and then returns 
back up stem 226 through a second passage of supply and 
return cooling channel 271 in stem 226 . The fluid then 
passes between the same dynamic sliding seals 257 , and on 
to outlet fitting 262 . In this embodiment , the cooling fluid 
could be air , nitrogen ( N2 ) , or for higher power applications , 
water . The cooling fluid could be a gas or liquid . 
[ 0070 ] Similar to embodiments described above , valve 
200 can be controlled pneumatically via pressurized air 
entering pneumatic chamber 227 via air inlet 220 . In this 
case , when pneumatic chamber 227 is pressurized , stem 226 
is forced upwardly against spring 234 to open valve 200 by 
moving nosepiece 232 and nosepiece seals 236 out of their 
seal with valve seat 238 . When open , devices such as a 
processing chamber and a source of reactive gas can com 
munication with each other via connections at flanges 214 
and 216 across interior chamber 218 . With reference to FIG . 
4B in particular , in this embodiment , an oversized cooling 
passage in stem 226 overlaps with cooling inlet 256 in all 
positions of stem 226 , thus allowing access of cooling inlet 
256 to supply and return cooling channel 271 in all positions 
of stem 226 . The same is true of the oversized cooling 
passage connected to cooling outlet 262 . Also , dynamic 
seals 257 contain the oversized cooling passages in stem 226 
in all possible positions of stem 226 . 
0071 ] FIG . 5 includes a schematic functional diagram of 
a system utilizing valve 200 of FIGS . 4A and 4B , according 
to some exemplary embodiments . It may be desirable to 
limit the cooling when there is no heat load from reactive 
gas . In this case , the cooling fluid can be switched off by a 
normally closed pilot valve 203 that is only open when 
pneumatic pressure is applied to valve 203 to open valve 
200 , as shown in FIG . 5 . The orifice that sets the flow of 
cooling fluid can also be configured to set the desired flow 
rate and corresponding heat removal . 
[ 0072 ] In another embodiment , a closed - loop temperature 
controller is utilized . In this embodiment , a thermocouple is 
attached to a key component inside the valve , such as the 
nosepiece or bonnet flange , for example . The thermocouple 
is the sensor of a temperature control system , where the 
actuator of the control system is a pilot valve that modulates 
the flow of cooling fluid . A temperature set point can be 
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applied to the temperature control system that causes the 
system to operate when the set point is reached . 
[ 0073 ] The implementations illustrated and described in 
detail above are bellows - sealed poppet isolation valves . 
However , the same techniques could be applied to a valve 
that uses dynamic sliding shaft seals rather than a bellows . 
A shaft - sealed valve will also be subjected to thermal loads 
on the nosepiece and stem and will have a thermal dissipa 
tion path with high resistance . According to exemplary 
embodiments , active cooling of the stem and nosepiece can 
be implemented in a similar manner as shown in FIG . 3 . 
[ 0074 ] According to some exemplary embodiments , the 
active cooling techniques described herein can also be 
applied to pendulum / gate isolation valves . FIG . 6A includes 
two perspective views , rotated 180 degrees with respect to 
each other , of a pendulum / gate isolation valve 400 with 
active cooling , according to some exemplary embodiments . 
FIG . 6B is a schematic top cross - sectional view of pendu 
lum / gate isolation valve 400 with active cooling of FIG . 6A , 
according to some exemplary embodiments . FIG . 6C is a 
schematic side cross - sectional enlarged detail view of pen 
dulum / gate isolation valve 400 with active cooling of FIG . 
6A , according to some exemplary embodiments . 
[ 0075 ] Referring to FIGS . 6A - 6C , pendulum / gate isola 
tion valve 400 operates by controllably opening and closing 
a path through valve body 412 via opening or port 424 . As 
with all of the embodiments of actively cooled valves 
described herein , pendulum / gate valve 400 can be connected 
between , for example , a process chamber and a source of 
reactive process gas , such as a plasma generation system . 
Opening and closing of valve 400 is effected by movement 
of gate 426 between the closed position illustrated in FIGS . 
6A - 6C , in which flow between input and output ports is 
blocked , and an open position , in which input and output 
ports 424 are in communication with each other across valve 
400 . Gate 426 is moved by rotation of shaft / actuator 414 , to 
which gate 426 is fixedly attached . Rotation of shaft / actuator 
414 is indicated schematically by arrow 416 in FIG . 6C . As 
also illustrated in FIG . 6C , gate 426 moves within body 412 
and can be sealed to the interior of body 412 , such as by 
O - ring seals 428 . 
[ 0076 ] As noted above , valve 400 is actively cooled . In 
some exemplary embodiments , active cooling is effected by 
circulation of a cooling fluid , such as air , nitrogen ( N2 ) , 
water , or other such fluid , through cooling channel 418 
formed in gate 426 . The fluid enters cooling channel 418 at 
fluid inlet 420 , circulated through gate 426 in cooling 
channel 418 , and exits cooling channel 418 through fluid 
outlet 422 , thus carrying heat away from gate 426 and valve 
400 . 
[ 0077 ] According to some exemplary embodiments , the 
active cooling techniques described herein can also be 
applied to butterfly pressure control valves . FIG . 7A 
includes a pictorial view of a butterfly pressure control valve 
500 . Referring to FIG . 7A , valve 500 includes a flapper 505 , 
which rotates with fixedly attached shaft 503 between open 
and closed positions . Flapper 505 can be attached to shaft 
503 by screws 517 or other similar means . In the open 
position , flow through valve body 501 is enabled . With 
rotation of shaft 503 and , therefore , flapper 505 to the closed 
position illustrated in FIG . 7A , flow through valve body 501 
is disabled . Butterfly pressure control valve 500 commonly 
operates with very small radial clearances between flapper 
505 and valve body 501 . Flapper 505 is subjected to heat 

loads from the process gas , and can expand , reducing the 
clearance between flapper 505 and valve body 501 . In many 
cases , flapper 505 can contact valve body 501 , which can 
cause particle generation , jamming or seizing . According to 
exemplary embodiments , a cooling fluid applied to flapper 
505 via flapper shaft 503 limits the temperature of flapper 
505 and resolves this failure mechanism . 
[ 0078 ] FIG . 7B includes two schematic diagrams , rotated 
90 degrees with respect to each other , of a flapper 510 for a 
butterfly control valve with active cooling , according to 
some exemplary embodiments . Referring to FIG . 7B , cool 
ing channel 514 can be formed by machining a water 
channel in flapper 510 of the butterfly valve , then furnace 
brazing a cover plate to form a leak tight assembly . Shaft 
512 , fixedly attached to flapper 510 , such as by screws 517 
or other such means , includes two small axial passages 518 , 
cross drilled for connections to the outside interfaces and to 
flapper 510 . Flow of coolant is according to the arrows in 
FIG . 7B . O - rings 516 are used to form a seal between flapper 
510 and shaft 512 . 
[ 0079 ] According to exemplary embodiments , a vacuum 
valve has a seat and a movable plate . The movable plate 
provides a seal against the seat when the valve is in the 
closed position . The movable plate moves away from the 
seat in order to allow process fluid to pass through the valve 
when the valve is in the open position . The movable plate 
includes a separate and isolated internal cooling path that 
allows an independent cooling fluid to remove heat from the 
movable plate . 
[ 0080 ] In some embodiments , the separate and isolated 
cooling path includes movable and non - movable compo 
nents of the valve . In some embodiments , the valve includes 
a bellows to isolate the process fluid from the outside 
environment . In some embodiments , the bellows separates 
part of the cooling path from the process fluid . In some 
embodiments , the valve includes dynamic seals between 
components with relative motion in order to isolate the 
process fluid from the outside environment . In some 
embodiments , the flow of cooling fluid is switched off when 
the valve is in the closed position . 
[ 0081 ] In some embodiments , the vacuum valve includes 
a temperature sensor measuring the temperature of the valve 
and a pilot valve that modules the flow of the cooling fluid 
in order to regulate the temperature of the valve as measured 
by the temperature sensor . In some embodiments , the 
vacuum valve includes a shield attached to the moving part 
of the valve to shield the external surface of the bellows 
from direct exposure to the process fluid . In some embodi 
ments , the vacuum valve includes a secondary fixed shield 
in close proximity or adjacent to the moving shield . In some 
embodiments , the process gas is a reactive gas . 
[ 0082 ] It is noted that , in the embodiments of poppet 
isolation valves 100 , 200 illustrated in FIGS . 2 , 3A - 3D , 4A , 
4B and 5 and described above in detail , the bellows and 
pneumatic control elements are axially stacked , that is , they 
are disposed longitudinally or vertically above / beneath each 
other . According to the present disclosure , in some exem 
plary embodiments , the bellows can be disposed at the same 
axial position and radially outward from the pneumatic 
control elements to at least partially axially overlap with and 
at least partially enclose or cover the pneumatic control 
elements . This configuration results in a more compact valve 
structure . 



US 2017 / 0292633 A1 Oct . 12 , 2017 

[ 0083 ] FIG . 8A includes a schematic cross - sectional view 
of a bellows - sealed poppet isolation valve 300 with active 
cooling , in which the bellows is disposed radially adjacent 
to and outward of pneumatic control elements , in a closed 
state , according to exemplary embodiments . FIG . 8B 
includes a schematic cross - sectional view of the bellows 
sealed poppet isolation valve 300 of FIG . 8A , in an open 
state , according to exemplary embodiments . FIG . 9A 
includes a schematic partially cut - away perspective view of 
the bellows - sealed poppet isolation valve 300 of FIG . 8A , in 
a closed state , according to exemplary embodiments . FIG . 
9B includes a schematic partially cut - away perspective view 
of the bellows - sealed poppet isolation valve 300 of FIG . 9A , 
in an open state , according to exemplary embodiments . FIG . 
10A includes a schematic cross - sectional view of the bel 
lows - sealed poppet isolation valve 300 of FIG . 8A , in a 
closed state , according to exemplary embodiments . FIG . 
10B includes a schematic cross - sectional view of the bel 
lows - sealed poppet isolation valve 300 of FIG . 8A , in an 
open state , according to exemplary embodiments . FIG . 11A 
includes a schematic perspective view of the bellows - sealed 
poppet isolation valve 300 of FIG . 8A , according to exem 
plary embodiments . FIG . 11B includes a schematic perspec 
tive view of the bellows - sealed poppet isolation valve 300 of 
FIG . 8A , rotated 90 degrees with respect to the view of FIG . 
11A , according to exemplary embodiments . 
[ 0084 ] Referring to FIGS . 8A , 8B , 9A , 9B , 10A , 10B , 11A 
and 11B , valve 300 includes valve body 312 which encloses 
at least the internal low - pressure chamber 318 of valve 300 . 
Valve flanges 314 and 316 are used to fixedly connect valve 
300 between , for example , a processing chamber ( not 
shown ) and a source of reactive gases , such as a plasma 
generation system ( not shown ) . 
[ 0085 ] In the closed state of valve 300 illustrated in FIG . 
8A , 9A and 10A , actively cooled nosepiece 332 is sealed via 
nosepiece vacuum seal or nosepiece O - ring 336 to valve seat 
338 . In this closed state , valve 300 isolates valve inlet and 
outlet at flanges 314 and 316 , for example , to isolate the 
processing chamber from the source of reactive gases . 
Shield 368 protects internal components of valve 300 , such 
as bellows 346 , valve stem 326 , nosepiece 332 , nosepiece 
seals 336 , and other components from the environment , such 
as reactive process gases , to which internal chamber 318 is 
exposed . 
[ 0086 ] . Valve 300 can be controlled pneumatically via a 
pneumatic air inlet 320 . High - pressure air introduced at air 
inlet 320 causes pneumatic piston 324 to move downwardly , 
carrying the fixedly attached stem 326 in the downward 
direction . Pneumatic seals 340 seal the pneumatic chamber 
to maintain elevated air pressure needed to actuate pneu 
matic piston 324 . Actively cooled nosepiece 332 is fixedly 
attached to the end of stem 326 and is forced downwardly 
toward seat 338 where nosepiece seals 336 contact and seal 
against seat 338 to close valve 300 , such that valve inlet and 
outlet ports are isolated from each other and cannot com 
municate across internal chamber 318 . This prevents , for 
example , reactive gases from flowing from the reactive gas 
source to the processing chamber . 
[ 0087 ] When high - pressure air is not being introduced at 
air inlet 320 , valve 300 is controlled to transition to and 
remain in the open state . In the open state , as illustrated in 
FIGS . 8B , 9B and 10B , pneumatic piston 324 has moved 
upwardly , carrying the fixedly attached stem 326 in the 
upward direction . As a result , nosepiece 332 and nosepiece 

O - ring seal 336 are moved away from seat 338 to open valve 
300 , such that valve inlet and outlet communicate across 
internal chamber 318 . This allows , for example , reactive 
gases to flow from the reactive gas source to the processing 
chamber . Shield 368 protects internal components of valve 
300 , such as bellows 346 , valve stem 326 , nosepiece 332 , 
nosepiece seals 336 , and other components from the envi 
ronment , such as reactive process gases , to which internal 
chamber 318 is exposed . 
[ 0088 ] As noted above valve 300 includes active cooling 
which is analogous to the active cooling described above in 
detail in connection with FIGS . 2 , 3A - 3D , 4A and 4B . The 
details of active cooling described above are applicable to 
valve 300 as well . Continuing to refer to FIGS . 8A , 8B , 9A , 
9B , 10A , 10B , 11A and 11B , actively cooled valve 300 
includes an active cooling channel integrated into the struc 
ture . The cooling fluid , e . g . , air , nitrogen ( N2 ) , water , or 
other such fluid , enters cooling channel 371A formed in stem 
326 of valve 300 at cooling inlet 354 and flows through an 
axial channel 371A in stem 326 , and then into a serpentine 
or spiral groove or channel 370 in nosepiece 332 , the spiral 
groove or channel 370 being configured to optimize surface 
area and heat transfer . The fluid flows radially outward 
through spiral groove or channel 370 formed in nosepiece 
332 . The fluid then exits spiral groove or channel 370 and 
enters a second axial channel 371B in stem 326 . The fluid 
flows back up through second axial channel 371B in stem 
326 and out of valve 300 via cooling fluid outlet 362 . The 
fluid can then be ducted to a facility exhaust system to avoid 
generating turbulence that is undesirable in a clean room 
environment . In the case of a liquid cooling fluid , the fluid 
can be collected and disposed of , or it may be recycled 
through the valve , either with or without temperature control 
of the fluid . 
[ 0089 ] As illustrated in particular in FIGS . 9A and 9B , 
valve 300 can include cooling plates 315 , made of a ther 
mally conductive material such as copper , which can be 
fixedly attached , e . g . , bolted , to valve body 312 in a ther 
mally conductive manner . Cooling plates 315 can include 
internal cooling passages 317 . These cooling plates 315 
remove heat from valve body 312 , which is thermally 
conductively coupled to valve seat 338 . As a result , O - ring 
sealing surfaces are cooled , i . e . , kept at moderate tempera 
tures , via conduction . 
[ 0090 ] In the various embodiments of isolation valves 
described in detail above , O - ring seals such as , for example , 
nosepiece O - ring seals 136 , 236 , 336 , are used to seal 
nosepieces 132 , 232 and 332 to valve seats 138 , 238 and 
338 , respectively . O - rings are typically disposed and 
retained within a groove or gland , such as , for example , 
groove or gland 137 illustrated in FIGS . 3C and 3D , for 
retaining nosepiece O - ring seal 136 . It will be understood 
that , although in the embodiments described herein in detail , 
the groove or gland is formed in the nosepiece , not the valve 
seat . It will be understood that , in general , O - ring seals can 
be retained within grooves or glands formed in either the 
nosepiece or the valve seat . 
[ 0091 ] FIGS . 12A and 12B include schematic detailed 
cross - sectional diagrams of a conventional O - ring seal con 
figuration . Specifically , FIG . 12A includes a schematic 
detailed cross - sectional diagram of the conventional O - ring 
seal configuration at initial contact of the O - ring , and FIG . 
12B includes a schematic detailed cross - sectional diagram 
of the conventional O - ring seal configuration of FIG . 12A 
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with the O - ring fully compressed . Referring to FIGS . 12A 
and 12B , groove or gland 637 is formed in a base 632 , for 
example , a poppet valve nosepiece as described herein in 
detail in connection with the various exemplary embodi 
ments . O - ring seal 636 is disposed and retained within 
groove or gland 637 . In the particular embodiment illus 
trated in FIGS . 12A and 12B , groove or gland 637 is 
dove - tail shaped in cross - section , which facilitates retention 
of O - ring 636 in groove or gland 637 . In the O - ring 
configuration illustrated in FIGS . 12A and 12B , gland 637 is 
not filled completely by O - ring 636 . This incomplete gland 
fill allows O - ring 636 to expand as the seal is compressed 
and uncompressed , and allows for growth of O - ring 636 
during thermal expansion . That is , incomplete gland fill 
leaves " airspace ” 641 and allows O - ring 636 to expand and 
still remain elastic . 
[ 0092 ] Continuing to refer to FIGS . 12A and 12B , this 
conventional O - ring configuration has certain drawbacks , 
particularly under the thermal cycling extremes experienced 
by the various embodiments of actively cooled isolation 
valves described herein in detail . In the case , for example , of 
a reactive gas isolation valve , the temperature cycling of the 
valve can be according to the following . At first , the valve 
is cool . Then , the valve opens , and reactive gas flows 
through the valve , which introduces a heat load to all 
surfaces . As a result , O - ring 636 expands faster than the 
surrounding metal , and expands out of gland 637 . Next , 
when the valve closes , the heat load is removed . As the 
surfaces cool , O - ring 636 contracts faster than the surround 
ing seat 638 and dovetail gland 637 . O - ring contact patch 
643 will get smaller as O - ring 636 cools , while under full 
compressive load . The result is that either O - ring 636 will 
experience sliding friction with seat 638 while under full 
compression as indicated by arrow 639 , or O - ring friction 
will exceed the contraction forces , and the O - ring material 
will be under significant stress . Both of these mechanisms 
will result in premature wear of O - ring 636 . 
[ 0093 ] FIGS . 13A and 13B include schematic detailed 
cross - sectional diagrams of an O - ring seal configuration in 
which wear of O - ring 636 under temperature variations is 
substantially reduced , according to some exemplary 
embodiments . Specifically , FIG . 13A includes a schematic 
detailed cross - sectional diagram of the O - ring seal configu 
ration with reduced O - ring wear at initial contact of O - ring 
636 , and FIG . 13B includes a schematic detailed cross 
sectional diagram of the O - ring seal configuration of FIG . 
13A with O - ring 636 fully compressed . Referring to FIGS . 
13A and 13B , the configuration includes a modified seat 
638A , which includes a protrusion 642 contacting the top 
surface of O - ring 636 . This increases compression in the 
center of O - ring 636 and reduces compression at the edges 
of contact patch 643A . As O - ring 636 cools and contracts , 
the part of O - ring 636 subject to the highest amount of 
movement , i . e . , at the edge of contact patch 643A , is under 
little or no compression . The part of the O - ring that is under 
the highest compression does not move at all . In this 
configuration , the motion of O - ring 636 as it contracts is 
more of a rolling motion , rather than sliding under high 
friction and compressive forces . This results in reduced wear 
of O - ring 636 over repeated cycles . It should be noted that , 
in FIGS . 13A and 13B , seat 638A and base , e . g . , nosepiece , 
632 are flipped vertically with respect to seat 638 and base , 
e . g . , nosepiece , 632 in FIGS . 12A and 12B . 

[ 0094 ] FIGS . 14A and 14B include schematic detailed 
cross - sectional diagrams of an O - ring seal configuration in 
which wear of O - ring 636 under temperature variations is 
substantially reduced , according to some exemplary 
embodiments . Specifically , FIG . 14A includes a schematic 
detailed cross - sectional diagram of the O - ring seal configu 
ration with reduced O - ring wear at initial contact of O - ring 
636 , and FIG . 14B includes a schematic detailed cross 
sectional diagram of the O - ring seal configuration of FIG . 
14A with O - ring 636 fully compressed . Referring to FIGS . 
14A and 14B , the configuration includes a modified seat 
638B having a concave portion 662 contacting and capturing 
the top surface of O - ring 636 . In this configuration , O - ring 
636 is allowed to expand and contact into concave portion 
662 of seat 638B , similar to the process at the airspace 641 
of dovetail gland 637 . As O - ring 636 cools under compres 
sion , the volume in concave portion 662 will increase , and 
the contact patch 643B and seal area on seat 638B will occur 
on a sloped region of concave portion 662 of seat 638B . As 
O - ring 636 contracts , this allows contact patch 643B to 
migrate along concave portion 662 of seat 638B without 
producing high stress to O - ring 636 , or sliding under high 
friction forces . Optionally , intersecting holes 652 can be 
formed in seat 638B to equalize the pressure in the trapped 
volume of concave portion 662 of seat 638B . It should be 
noted that , in FIGS . 14A and 14B , seat 638B and base , e . g . , 
nosepiece , 632 are flipped vertically with respect to seat 638 
and base , e . g . , nosepiece , 632 in FIGS . 12A and 12B . 
10095 ) In alternative embodiments , another approach to 
reducing O - ring stress includes maintaining the nosepiece 
and the seat at similar and relatively constant temperature . 
This can be accomplished by active fluid cooling both the 
nosepiece as illustrated and described in detail herein and 
the seat . By cooling both the seat and the nosepiece , the 
O - ring will see relatively constant temperature , regardless of 
the heat load present , and regardless of whether the O - ring 
is compresses or uncompressed . For example , if under all 
circumstances the nosepiece and seat have temperature 
excursions of less than , for example , 10 degrees C . , stress to 
the O - ring will be relatively low . In contrast , if the O - ring 
experiences temperature gradients or excursions on the order 
of 100 degrees C . , stresses in the O - ring will be much higher . 
[ 0096 ] In the isolation valves of the various embodiments , 
the bellows are typically exposed to a highly corrosive 
environment . As a result , stress corrosion cracking of the 
bellows can occur . In some exemplary embodiments , a very 
thin coating of aluminum oxide is applied to the bellows . In 
some particular embodiments , the bellows are approxi 
mately 100 um thick , and the coating of aluminum oxide is 
approximately 0 . 5 um thick . Typically , bellows materials are 
limited to those that can be welded , for example , stainless 
steel , Inconel or other such material . However , stainless 
steel has limited corrosion resistance to the process chem 
istry . In contrast , aluminum oxide has an advantage of a 
lower recombination rate for atomic fluorine , as compared to 
that of Inconel or stainless steel . The reduced recombination 
rate results in reduced heat load on the bellows and the 
overall system . 
100971 . In order to produce a robust coating for a bellows 
that experiences significant strain , in some exemplary 
embodiments , the coating thickness is much thinner than the 
thickness of the substrate of the bellows . For example , in 
some particular exemplary embodiments , the thickness of 
the coating is less than one one - hundredth ( 1 / 100 ) the thick 
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ness of the bellows substrate . According to the exemplary 
embodiments , this very low thickness ratio between the 
coating and the bellows substrate enables the use of a 
ceramic in a flexible bellows , without cracking . 
[ 0098 ] In general , there are two types of bellows , namely , 
formed bellows and welded bellows . FIG . 15A includes a 
schematic cross - sectional view of formed bellows . FIG . 15B 
includes a schematic cross - sectional view of welded bel 
lows . Referring to FIGS . 15A and 15B , the left side of each 
bellows is the interior of the bellows at atmospheric pres 
sure , and the right side of each bellows is the exterior or 
process side , under vacuum pressure levels . In the formed 
bellows , the regions labeled “ T ” are under tension during 
compression of the bellows , and the regions labelled “ C ” are 
under compression during compression of the bellows . 
[ 0099 ] Referring to FIG . 15B , In order to produce a robust 
coating for a welded bellows , according to some exemplary 
embodiments , it is important to ensure that the coating 
reaches the inner corners of the convolutions , and that the 
stress during actuation is compressive . In order to achieve 
this , in some exemplary embodiments , the atomic layer 
deposition ( ALD ) process used to apply the aluminum oxide 
coating is performed while the bellows is in a slightly 
elongated state . In some particular embodiments , this 
slightly elongated state is achieve by stretching the bellows 
to approximately its full longitudinal excursion and holding 
the bellows in that state while the ALD process is performed . 
[ 0100 ] Referring again to FIG . 15A , as noted above , a 
formed bellows experiences both compression and tension 
on its outside surface during operation and excursions . In 
order to produce a more robust coating for a formed bellows , 
the stress state of the substrate can be varied in layers , such 
that the residual stress in each layer alternates between 
compression and tension . In this structure , a crack propa 
gating through the surface may occur if a coating layer is in 
tension , but the crack will stop propagating when I reaches 
a surface where the coating is in compression . To achieve 
this coated bellows structure , the aluminum oxide coating is 
applied to the bellows substrate by ALD , in multiple layers , 
one layer at a time . According to the exemplary embodi 
ments , each successive layer is applied with the bellows in 
alternate states of compression and elongation . That is , for 
example , the first layer is applied with the bellows com 
pressed , the second layer is applied with the bellows elon 
gated , the third layer is applied with the bellows com 
pressed , etc . , until the final layer is applied . In some 
particular exemplary embodiments , each layer has a thick 
ness that is a predetermined fraction of the total desired 
coating thickness , in order to achieve the desired overall 
coating - to - substrate thickness ratio , e . g . , less than 1 / 100 . For 
example , if a total coating thickness of 0 . 5 um is desired , a 
total of five layers , each having a thickness of 0 . 1 um , can 
be applied to the bellows substrate . 
[ 0101 ] FIG . 16 includes a schematic detailed cross - sec 
tional view of a portion of a formed bellows , in which a 
multilayer coating of aluminum oxide is formed on a bel 
lows substrate , according to some exemplary embodiments . 
FIG . 17 includes a schematic logical flow diagram of the 
logical flow of a process of applying multilayer ceramic 
coating to a bellows substrate , according to some exemplary 
embodiments . Referring to FIGS . 16 and 17 , bellows sub 
strate 748 is placed in the ALD process chamber , as shown 
in step S702 . Next , the bellows is transitioned to either the 
compression or elongation state , as shown in step S704 . In 

some particular exemplary embodiments , the first ALD layer 
is formed with the bellows substrate in the compression 
state . Next , a single layer 750 of ceramic , i . e . , aluminum 
oxide , coating is applied , as shown in step S706 . In some 
exemplary embodiments , as noted above , each individual 
layer can be approximately 0 . 1 um thick . It will be under 
stood that other thicknesses can be used , and also that all 
layers need not have the same thickness . In step S708 , a 
determination is made as to whether the final layer has been 
applied . If not , the process returns to step S704 . The bellows 
is toggled ( transitioned ) to the other of the states , that is , if 
the bellows is compressed , it is transitioned to the elongated 
state , and , if it is elongated , it is transitioned to the com 
pressed state . The next layer 752 of ceramic is applied in 
step S706 , and the check is made again to determine whether 
all desired layers have been applied . As noted above , in 
some particular exemplary embodiments , this process con 
tinues until five layers have been applied . It will be under 
stood that this process can be used to apply any number of 
layers . When all coating layers are complete , the bellows is 
released to its quiescent state , i . e . , neither compressed nor 
elongated , in step S710 , and the completed , coated bellows 
is removed from the ALD chamber in step S712 . 
[ 0102 ] It should be noted that , throughout the foregoing 
Detailed Description , the various valve embodiments are 
described as including active cooling . In the exemplary 
embodiments , this active cooling is achieved by effecting a 
flow of fluid through some portion of the valve , such as , for 
example , the movable closure device , i . e . , nosepiece , flap 
per , gate , etc . , and , in some exemplary embodiments , at least 
some portion of the valve body . In any of the embodiments 
described herein , the cooling fluid can be , for example , 
clean , dry compressed air , Nitrogen ( N ) or other gas , with 
or without temperature control ; water , or other liquid , with 
or without temperature control . Also , the fluid can be a heat 
transfer fluid , such as Galden® Heat Transfer Fluid , sold by 
Kurt J . Lesker Company , 1925 Route 51 , Jefferson Hills , Pa . 
15025 USA , or other such heat transfer fluid . 
[ 0103 ] While the present inventive concept has been par 
ticularly shown and described with reference to exemplary 
embodiments thereof , it will be understood by those of 
ordinary skill in the art that various changes in form and 
details may be made therein without departing from the 
spirit and scope of the present inventive concept as defined 
by the following claims . 

1 . A cooled isolation valve , comprising : 
a valve body ; 
a stationary element coupled to the valve body and 

stationary with respect to the valve body ; 
a movable closure element being movable with respect to 

the stationary element between a closed position in 
which the movable closure element and the stationary 
element are brought together and an open position , one 
of the movable closure element and the stationary 
element comprising a sealing element , in the closed 
position of the movable closure element , the sealing 
element providing a seal between the movable closure 
element and the stationary element ; and 

a fluid channel formed in contact with the movable 
closure element and movable with the movable closure 
element with respect to the stationary element , such 
that a fluid in the fluid channel effects heat transfer in 
the movable closure element . 
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2 . The cooled isolation valve of claim 1 , further compris 
ing : 

a sensor for detecting whether the movable closure ele 
ment is in the open position or the closed position ; and 

an actuator for inhibiting flow of the fluid when the sensor 
detects that the movable closure element is in the 
closed position . 

3 . The cooled isolation valve of claim 1 , further compris 
ing : 

a pneumatic actuation device for controlling movement of 
the movable closure element ; and 

a bellows for isolating the pneumatic actuation device 
from an environment within the valve body , the bellows 
being disposed adjacent to the pneumatic actuation 
device radially from a longitudinal axis of the valve and 
at least partially overlapping the pneumatic actuation 
device along the longitudinal axis . 

4 . The cooled isolation valve of claim 1 , wherein the 
sealing element comprises an O - ring . 

5 . The cooled isolation valve of claim 4 , further compris 
ing : 

a groove in one of the stationary element and the movable 
closure element , the O - ring being disposed in the 
groove , and a surface of the O - ring protruding from the 
groove ; and 

a protrusion in a surface of the other of the stationary 
element and the movable closure element , the protru 
sion contacting a portion of the protruding surface of 
the O - ring when the movable closure element is in the 
closed position , such that the O - ring is free to expand 
and contract . 

6 . The cooled isolation valve of claim 4 , further compris 
ing : 

a groove in one of the stationary element and the movable 
closure element , the O - ring being disposed in the 
groove , and a surface of the O - ring protruding from the 
groove ; and 

a concave feature in a surface of the other of the stationary 
element and the movable closure element , the concave 
feature contacting a portion of the protruding surface of 
the O - ring when the movable closure element is in the 
closed position , such that the O - ring is free to expand 
and contract . 

7 . The cooled isolation valve of claim 1 , wherein the valve 
is a poppet valve . 

8 . The cooled isolation valve of claim 7 , wherein the 
movable closure element comprises a nosepiece of the 
poppet valve . 

9 . The cooled isolation valve of claim 8 , wherein the 
stationary element comprises a valve seat of the poppet 
valve . 

10 . The cooled isolation valve of claim 8 , wherein at least 
a portion of the cooling channel is formed in the nosepiece . 

11 . The cooled isolation valve of claim 8 , wherein the 
nosepiece is coupled to a movable stem of the cooled 
isolation valve . 

12 . The cooled isolation valve of claim 11 , wherein at 
least a portion of the cooling channel is formed in the stem . 

13 . The cooled isolation valve of claim 7 , wherein the 
sealing element comprises an O - ring in a groove , the groove 
being formed in a nosepiece of the poppet valve . 

14 . The cooled isolation valve of claim 1 , wherein : 
the valve is a gate valve ; and 
the movable closure element comprises a gate movable 

between the closed position and the open position and 
a shaft fixedly attached to the gate , rotation of the shaft 
causing movement of the gate between the open and 
closed positions . 

15 . The cooled isolation valve of claim 14 , wherein the 
stationary element comprises a valve seat . 

16 . The cooled isolation valve of claim 14 , wherein at 
least a portion of the cooling channel is formed in the gate . 

17 . The cooled isolation valve of claim 14 , wherein at 
least a portion of the cooling channel is formed in the shaft . 

18 . The cooled isolation valve of claim 14 , wherein the 
sealing element comprises an O - ring in a groove , the groove 
being formed in the gate . 

19 . The cooled isolation valve of claim 1 , wherein : 
the valve is a butterfly valve ; and 
the movable closure element comprises a flapper movable 
between the closed position and the open position and 
a shaft fixedly attached to the flapper , rotation of the 
shaft causing movement of the flapper between the 
open and closed positions . 

20 . The cooled isolation valve of claim 19 , wherein the 
stationary element comprises walls of an opening through 
the valve . 

21 . The cooled isolation valve of claim 19 , wherein at 
least a portion of the cooling channel is formed in the 
flapper . 

22 . The cooled isolation valve of claim 19 , wherein at 
least a portion of the cooling channel is formed in the shaft . 

23 . The cooled isolation valve of claim 1 , wherein the 
fluid comprises a gas . 

24 . The cooled isolation valve of claim 1 , wherein the 
fluid comprises a liquid . 

25 . The cooled isolation valve of claim 1 , wherein the 
fluid comprises air . 

26 . The cooled isolation valve of claim 1 , wherein the 
fluid comprises nitrogen ( N , ) . 

27 . The cooled isolation valve of claim 1 , wherein the 
fluid comprises water . 

28 . The cooled isolation valve of claim 1 , wherein the 
fluid comprises a heat transfer fluid . 
29 . A method of forming a bellows for an isolation valve , 

comprising : 
forming a metallic bellows substrate ; 
configuring the metallic bellows substrate to one of a 

compressed state and an elongated state ; 
applying a first layer of a ceramic coating to the metallic 

bellows substrate while the metallic bellows substrate 
is maintained in the one of the compressed state and the 
elongated state ; 

transitioning the metallic bellows substrate to the other of 
the compressed state and the elongated state ; and 

applying a second layer of the ceramic coating while the 
metallic bellows substrate is maintained in the other of 
the compressed state and the elongated state . 

30 . The method of claim 29 , wherein the metallic bellows 
substrate is formed of stainless steel . 

31 . The method of claim 29 , wherein the ceramic coating 
comprises aluminum oxide . 

32 . The method of claim 29 , wherein a ratio of thickness 
of the metallic bellows substrate to thickness of the ceramic 
coating is greater than 100 : 1 . 
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33 . A bellows for a vacuum isolation valve , comprising : 
a metallic substrate ; and 
a coating of ceramic material formed over the metallic 

substrate . 
34 . The bellows of claim 33 , wherein the metallic bellows 

substrate is formed of stainless steel . 
35 . The bellows of claim 33 , wherein the ceramic coating 

comprises aluminum oxide . 
36 . The bellows of claim 33 , wherein a ratio of thickness 

of the metallic bellows substrate to thickness of the ceramic 
coating is greater than 100 : 1 . 

* * * * 


