
Multi-Vane Throttle Valve BACKGROUND OF THE INVENTION 1. Field of the
Invention [0001]The present invention relates generally to valves for
processing systems. Particularly, the present invention relates to
throttle valves for vacuum systems. 2. Description of the Prior Art
[0002]Various types of valves have been devised for use in vacuum
processing systems. The types of valves include gate valves, butterfly
valves, multi-vane valves, and the like. Some gate valves are designed for
opened and closed positions to allow for either full flow or no flow of
gaseous fluids through the valve. Butterfly valves are relatively simple
in design but have limited ability to achieve a linear conductance
response. Multi-vane valves provide more precise control than butterfly
valves. [0003]One example of a multi-vane valve is described in U.S. Pat.
No. 6,293,306 (Brenes, 2001). Brenes discloses a throttle gate valve that
includes an upright, generally rectangular valve housing. Within the valve
housing is positioned a linearly movable gate valve for closing off a
thru-opening formed in the lower part of the valve housing. A pneumatic
actuator assembly provides for moving the gate valve between an opened and
a closed position. A throttle valve assembly compartment forms the lower
side of valve housing and frames the through opening and includes a set of
throttle vanes rotatably positioned within the through opening. A drive
actuator is provided for rotating the vanes and includes a drive actuator
compartment and a motor for controlling the position of the throttle
vanes. The drive actuator is sealed by a bellows shield at the point where
the drive actuator extends into the interior of the housing. [0004]Another
type of multi-vane valve is a throttle valve sold under the trademark
"Vari-C)" by MeiVac, Inc. The MeiVac throttle valve includes a circular
valve chamber containing a plurality of counter-rotating, triangular (i.e.
pie shaped) vanes that are interconnected by a low friction cable-drive
system. [0005]Still another type of multi-vane valve is a fixed-positioned
vane valve sold under the trademark "Temescal" by Ferrotec (USA)
Corporation as part number 0627- 0624-0. This multi-vane valve is not
truly a valve since all of the vanes are in a fixed position in the range
of 30-45 degrees, which are in fluid communication with cryogenic pumps.
The vanes are each brazed to a stainless steel tube that is transverse to
all of the vanes. The vanes act as a heat shield as well as to transfer
heat to the stainless steel tube that contains cooling water flowing
through the tube. Figures 1A and 1B 



1  illustrates an example of such a fixed, multi-vane valve showing a
front view and a cross-sectional side view of the structural relationship
of the cooling tube and the plurality of fixed vanes. SUMMARY OF THE
INVENTION [0006]Vacuum processing systems generally have a processing
chamber of the type typically used for fabrication of computer chips and a
vacuum pump, which is used to evacuate the processing chamber. High-vacuum
pumps typically operate at pressures below those for plasma processing.
All multi-vane valves attempt to provide greater control of the processing
environment and to protect the high-vacuum pumps from heat and debris from
the processing chamber. Multi-vane valves work by throttling the gas in
the process chamber to create a differential pressure across the valve
allowing the vacuum pump to operate at high vacuum levels while
maintaining correct process pressures in the chamber. Multi-vane throttle
valves having rotatable vanes provide greater control of the correct
process pressures in the chamber by providing linear control over the full
range of operation of the multi-vane valve. The disadvantage of the
multi-vane throttle valves of the prior art is their limited capacity to
shield the high vacuum pump from heat and/or debris. [0007]It is an object
of the present invention to provide a multi-vane throttle valve for use in
vacuum processing systems capable of providing a full range of linear
conductance control. It is another object of the present invention to
provide a multi-vane throttle valve that is capable of performing as a
heat shield for the vacuum pump. It is a further object of the present
invention to provide a multi-vane throttle valve that is a heat shield
with vane cooling capacity. It is a further object of the present
invention to provide a multi-vane throttle valve with a simplified
construction for maintaining the vacuum seal integrity between the vane
chamber and the atmospheric side of the valve. [0008]The present invention
achieves these and other objectives by providing a multi-vane throttle
valve for controlling the conductance of a vacuum pumping port and to
protect the vacuum pump from debris and heat exposure. [0009]In one
embodiment, a multi-vane throttle valve for a vacuum process chamber
includes a throttle chamber body having an inside exposed to the vacuum
process chamber and an outside exposed to atmospheric pressure, the
chamber body defining a through-opening for controlling vacuum within the
vacuum process chamber, a plurality of rotatable vanes mounted within the
through-opening for controlling a flow of gases through the
through-opening where each rotatable vane includes a cooling fluid pathway
in fluid communication with and disposed longitudinally along each
rotatable vane, and a 2  



drive mechanism disposed on and connected to an outside of the throttle
chamber body for rotating the plurality of rotatable vanes to vary the
flow of process gases. [0010]In another embodiment of the present
invention, the cooling fluid pathway is a cooling conduit disposed
longitudinally along the rotatable vane. [0011]In further embodiment of
the present invention, the cooling conduit is selected from the group
consisting of a straight conduit, a sinusoidal conduit, a square-wave
shaped conduit, a pair of longitudinal conduits with a transverse conduit
connecting the pair of longitudinal conduits on one end, a pair of
concentric conduits defining a flow path between an inner conduit and an
outer conduit, and a longitudinal heat pipe. [0012]In yet another
embodiment of the present invention, each of the plurality of rotatable
vanes are interconnected in series forming a single, continuous flow path.
[0013]In still another embodiment of the present invention, the drive
mechanism includes an actuator arm, a rotating arm fixedly connected to
each rotatable vane, and a linking arm pivotally connecting a rotating arm
of one rotatable vane with a rotating arm of an adjacent rotatable vane in
series where one linking arm connects to the actuator arm. [0014]In
another embodiment of the present invention, the rotating arm is connected
on one end to the rotatable vane and on the other end to the linking arm
[0015]In a further embodiment of the present invention, the throttling
valve includes a debris shield attached to each of the plurality of
rotatable vanes. [0016]In still another embodiment of the present
invention, the throttle chamber body 



includes a first body flange, a second body flange and a vane chamber
housing connected between the first body flange and the second body flange
where the vane chamber housing contains the plurality of rotatable vanes.
[0017]In a further embodiment of the present invention, the vane chamber
housing includes a top plate, a bottom plate, a first chamber side wall, a
second chamber side wall, and a vane support feedthrough attached to the
first chamber side wall that supports the cooling fluid pathway of a
rotatable vane and maintains the pressure differential between the vacuum
chamber process and the atmospheric pressure. [0018]In yet another
embodiment of the present invention, the throttle valve includes a vacuum
feedthrough supporting each of the plurality of rotatable vanes between
the vacuum chamber process inside and the atmospheric pressure outside of
the throttling valve. [0019]In another embodiment, the multi-vane throttle
valve includes a magnetic fluid vacuum feedthrough supporting each of the
rotating vanes on one end between the inside and the outside of the
throttle chamber body.  WO 2013/012880PCT/US2012/047102 [0020]In a further
embodiment, the multi-vane throttle valve includes a rotary adapter
connected to one end of each rotating vane for transporting cooling fluid
between each rotating vane. [0021]In still another embodiment of the
multi-vane throttle valve, when the cooling conduit is a heat pipe, the
throttle valve further includes a cooling block for rotatably receiving
one end portion of the heat pipe that is outside of the vane chamber
housing. The cooling block may optionally be a liquid flow block or a
thermoelectric module block or a combination thereof. [0022]In yet another
embodiment of the multi-vane throttle valve, the rotating vane 



includes a cooling conduit extending laterally along the longitudinal
center line of the rotating vane and into a rotating joint that transports
cooling fluid between each rotating vane. [0023]In another embodiment of
the multi-vane throttle valve, the rotating vane includes a cooling
conduit having a pair of concentric tubes extending laterally along the
longitudinal center line of the rotating vane and into a rotating joint
that transports cooling fluid between each rotating vane. [0024]In a
further embodiment of the multi-vane throttle valve, the rotating vane
includes a first cooling conduit disposed on the vane to one side of the
longitudinal center line of the rotating vane and a second cooling conduit
disposed on the vane to an opposite side of the longitudinal center line
of the rotating vane. The first cooling conduit is in fluid communication
with the second cooling conduit and both cooling conduits are in fluid
communication with a rotating joint that transports cooling fluid between
each rotating vane. [0025]In another embodiment of the multi-vane throttle
valve, the rotating vane includes a debris shield disposed onto one side
of the rotating vane. [0026]In still another embodiment of the multi-vane
throttle valve, the valve includes a coolant selected from water,
cryogenic material and the like. BRIEF DESCRIPTION OF THE DRAWINGS
[0027]FIGURE 1A is a front view of one prior art device of a multi-vane
valve. [0028]FIGURE 1B is a side view of the prior art device shown in
Fig. 1A. [0029]FIGURE 2 is a perspective of one embodiment of the present
invention showing a multi-vane throttle valve. 



[0030]FIGURE 3 is a bottom view of the embodiment shown in Fig.2.  WO
2013/0128801'CT/US2012/047102 [0031]FIGURE 4 is an exploded view of the
embodiment in Fig. 2 showing the debris shield and the magnetic fluid
feedthrough. [0032]FIGURE 5 is a perspective view of one embodiment of a
rotatable vane of the present invention showing a pair of parallel,
straight cooling conduits. [0033]FIGURE 5A is a perspective view of
another embodiment of a rotatable vane showing a pair of mirror-image,
square-wave cooling conduits. [0034]FIGURE 6 is a perspective view of one
embodiment of a debris shield of the present invention. [0035]FIGURE 7 is
a side view of one embodiment of a rotatable vane showing a
cross-sectional view of a magnetic fluid support and a rotary joint.
[0036]FIGURE 8 is a perspective, exploded view of a rotary joint of the
present 



invention. [0037]FIGURE 9 is a perspective view of another embodiment of a
rotary joint of the present invention. [0038]FIGURE 10 is an enlarged,
partial cross-sectional view of the fluid conduit showing the connections
between at least two rotatable vanes and the fluid flow directions through
the fluid conduit. [0039]FIGURE 11 is a side view of one embodiment of a
vane in the present invention showing a rotary valve with a single rotary
valve housing. [0040]FIGURE 12 is a side view of another embodiment of a
vane of the present invention showing a coolant conduit that is a single
tube positioned along the longitudinal central axis of the vane.
[0041]FIGURE 13 is a cross-sectional view of another embodiment of a vane
of the present invention showing a pair of concentric tubes positioned
along the longitudinal central axis of the vane. [0042]FIGURE 13A is an
enlarged, cross-sectional view of the sealed end of the pair of concentric
tubes showing one of two possible flow paths of the cooling fluid.
[0043]FIGURE 14 is a cross-sectional view of another embodiment of a vane
of the 



present invention showing a heat pipe positioned along the longitudinal
central axis of the vane. [0044]FIGURE 15 is a perspective view of one
embodiment of a feedthrough of the present invention. [0045]FIGURE 16A is
a perspective view of a quad 0-ring incorporated in one embodiment of a
feedthrough of the present invention. [0046]FIGURE 16B is a
cross-sectional view of the quad 0-ring shown in Fig. 16A.  WO
2013/012880PCT/US2012/047102 [0047]FIGURE 17 is a side view of a
feedthrough of the present invention that is a magnetic fluid feedthrough.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT [0048]The preferred
embodiment of the present invention is illustrated in Figs. 2-17. Figure 2
illustrates one embodiment of a multi-vane throttle valve 10 of the
present invention. Throttle valve 10 includes a throttle chamber body 20,
a plurality of rotatable vanes 40, and a drive mechanism 80. Throttle
chamber body 20 has a vane chamber housing 20a, an inside surface 21 and
an outside surface 22 that defines a through-opening 23 in which are
disposed the plurality of rotatable vanes 40. Drive mechanism 80 is
disposed on and connected to an outside 22 of the throttling chamber body
20 for moving the plurality of rotatable vanes 40 to vary the flow of
process gases. Drive mechanism 80 has a drive motor 81 with an actuator
arm 82 connected to a releasable linking arm 83 that is releasably and
rotatably connected to a rotating arm 84. A fluid conduit 85 is
interconnected with each of the plurality of rotatable vanes 40.
[0049]Figure 3 is a bottom view of multi-vane throttle valve 10. From this
view, it can 



be seen that this embodiment of throttle chamber body 20 includes a first
body flange 24 that is the vacuum pump side and a second body flange 26
that is the process chamber side. Between first body flange 24 and second
body flange 26 is through-opening 23, which includes a vane chamber 28 in
which is mounted the plurality of rotatable vanes 40. Vane chamber 28 has
a bottom plate 30 on which is mounted a cooling fluid inlet port 32 and a
cooling fluid outlet port 33 mounted to a cooling fluid manifold 34.
[0050]Turning now to Fig. 4, there is shown an exploded view of the
embodiment of multi-vane throttle valve 10 illustrated in Fig. 1. As can
be more clearly seen, throttle chamber body 20 has through-opening 23
showing vane chamber 28 adjacent second body flange 26. Vane chamber 28
has a first chamber side wall 28a with a plurality of equally-spaced
openings 29 in which each opening 29 are mounted a vacuum seal feedthrough
70. Each vacuum seal feedthrough 70 receives therethrough one end 41 of
one of the plurality of rotatable vanes 40. Vacuum seal feedthroughs 70
rotatably support vanes 40. [0051]Each of the plurality of rotatable vanes
40 are rotatably supported on an opposite end 42 by a bearing 35 mounted
on second side wall plate 36. Second side wall plate 36 is sealingly but
removably attached to second side wall 28b with a plurality of bolts 36a
to facility access to vane chamber 28 for maintenance and repair when
required. In this embodiment, each vane 40 has an optional debris shield
43 attached to one side of vane 40 that is facing the process chamber.
Debris shields 43 are preferably 6  used when vane 40 is fabricated from
copper. When vane 40 is fabricated from stainless steel, no debris shields
are necessary. [0052]Where the process chamber is typically used for
chemical vapor deposition, debris which includes the various chemicals
that are used for coating targets within the process chamber is more
easily removed from stainless steel than from copper. Further, the
rotatable vanes 40 also prevent the debris from reaching the vacuum pump,
which is more costly to repair so preventing debris from entering the
vacuum pump is one important aspect of the present invention.
[0053]Another important aspect is the heat involved during the process
being undertaken in the process chamber. Because the vacuum pump is
typically continuously operating during a process, heated gases involved
in the process within the process chamber are evacuated through the vacuum
pump. The heat from the gases also causes damage to the vacuum pump. Even
though the plurality of vanes 40 when in a completely closed position
helps reduce this effect, it is not a practical solution since the purpose
of the throttling vanes 40 is to better control the vacuum process,
closing them completely is counter-productive. [0054]Another important
aspect of the present invention is the incorporation of a cooling system
for cooling each of the rotatable vanes 40. The plurality of vanes 40 in
the present invention include a cooling conduit 44 that is disposed in and
longitudinally extends along the length of each of the plurality of vanes
40. An external cooling liquid flows through cooling conduit 44 in order
to remove the heat absorbed from the gas that is being evacuated by the
vacuum pump through-opening 23 of multi-vane throttle valve 10. Cooling
conduit 44 is in fluid communication with fluid conduit 85 which includes
a plurality of rotary joints 87. An optional drive mechanism cover 110 may
be mounted over drive mechanism 80 and rotary joints 87 to enclose and
protect actuator arm 82, linking arms 83 and rotary arms 84. 



[0055]Turning now to Figure 5, there is shown a perspective view of one
embodiment of a vane 40 of the present invention. In this embodiment, vane
40 has a proximal vane end 45 and a distal vane end 46. Distal vane end 46
has a distal support 47 configured to connect distal vane end 46 to a
mating support component in second side wall plate 36 of throttle chamber
body 20 in a rotatable relationship. Proximal vane end 45 has a proximal
support 48 configured to connect proximal vane end 45 to a matting support
component in first chamber side wall 28a of throttle chamber body 20 in a
rotatable relationship. Vane 40 has a first cooling conduit 44a that
extends longitudinally through one half of vane 40 and a second cooling
conduit 44h that extends longitudinally though the other half of vane 40.
A connecting cooling conduit 44c (shown in Fig. 7) 7  communicates
transversely with first cooling conduit 44a and second cooling conduit 44b
adjacent distal vane end 46 to create a continuous cooling conduit 44.
Although a linear cooling fluid pathway or conduit is illustrated, it is
noted that the cooling conduit may have other configurations such as
straight conduit, a sinusoidal conduit, a square-wave shaped conduit, a
pair of longitudinal conduits with a transverse conduit connecting the
pair of longitudinal conduits on one end, a pair of concentric conduits
defining a flow path between an inner conduit and an outer conduit, and a
longitudinal heat pipe. Fig. 5A illustrates a vane with a pair of
square-wave, cooling conduits. [0056]Figure 6 illustrates a perspective
view of optional debris shield 43. Debris shield 43 attaches to one side
of vane 40, preferably the side that is exposed to the process chamber in
order to prevent damaging material from the process chamber from entering
into the vacuum pump. Debris shield 43 may be attached to vane 40 using
any known methods including, but not limited to, brazing, using mechanical
fasteners, attaching components to allow the shield to snap fit onto vane
40, and the like. Debris shield 43 is preferably made of stainless steel
but may be made of any metal and/or nonmetal material capable of
protecting vanes 40 and maintaining the shields integrity during one or
more vacuum chamber processes. [0057]Figure 7 is a side, partial
cross-sectional view of the embodiment of vane 40 shown in Fig. 5 with a
coolant supply and coolant return member. As previously discussed, this
embodiment of vane 40 includes a proximal vane end 45 and a distal vane
end 46. Distal vane end 46 has a distal support 47 while proximal vane end
45 has proximal support 48. Vane 40 has a first cooling conduit 44a that
extends longitudinally along or through one half of vane 40 and a second
cooling conduit 44b that extends longitudinally along or though the other
half of vane 40. A connecting cooling conduit 44c communicates
transversely with first cooling conduit 44a and second cooling conduit 44b
adjacent distal vane end 46 to create a continuous cooling conduit 44. At
proximal vane end 45, proximal support 48 is configured as a pair of
concentric tubes 49a (outer tube), 49b (inner tube) forming an outer
conduit chamber 48a and an inner conduit chamber 48b where the outer
conduit chamber 48a fluidly communicates with first cooling conduit 44a
and inner conduit chamber 48b fluidly communicates with second cooling
conduit 44b. Inner and outer conduit chambers 48a, 48b extend into a
rotary adapter 50 that where each of the inner and outer conduit chambers
48a, 48b communicates with a coolant supply port 60a and a return port
60b, respectively. [0058]Figure 8 shows an exploded, perspective view of
rotary adapter 50 illustrated in Fig. 7. In this embodiment of rotary
adapter 50, adapter 50 includes a first rotary housing 52 and a second
rotary housing 54 axially aligned with and secured to first rotary 8
housing 52. Adapter 50 also includes a hollow shaft 53 that is axially
disposed within first rotary housing 52 and is configured to receive inner
tube 49b through hollow shaft 53 and into second rotary housing 54. A
space 52a is formed between a portion of the outside surface of hollow
rotary shaft 53 and the inside wall of first rotary housing 52, which
space 52a fluidly communicates with outer conduit chamber 48a of proximal
support 48. As shown in Fig. 7, coolant supply port 60a is physically
connected to first rotary housing 52 and coolant return supply port 60b is
physically connected to second rotary housing 54. This embodiment provides
coolant into and out of vane 40 through proximal vane end 45. 



[0059]Figure 9 is a perspective, partial cross-sectional view of another
embodiment of rotary adapter 50. In the embodiment, rotary adapter 50
includes only a single rotary housing 56 and a modified rotary shaft 57.
Rotary housing 56 provides the same function as first rotary housing 52
with coolant supply port 60a. Rotary shaft 57 is extended through rotary
housing 56 and terminated with coolant return port 60b. This embodiment
reduces the number of parts required for rotary adapter 50 making assembly
and maintenance easier as well as reducing the cost of rotary adapter 50
while providing the same function. [0060]Figure 10 is an enlarged,
cross-sectional view of rotary valve 50 and proximal support 48 showing
the fluid flow for cooling vanes 40. In this embodiment, it is illustrated
that outer tube 49a of proximal support 48 is rotatably supported by a
feedthrough support 70, which is secured to first chamber side wall 28a
and inner tube 49b extends beyond feedthrough support 70 and into rotary
valve 50. Arrows 150 indicate the flow of coolant into a vane 40 and
arrows 160 indicate the flow of coolant out of vane 40. Notwithstanding
the description provided above about rotary valve 50 illustrated in Fig.
8, it is understood that when coupling two or more vanes 40 to the coolant
supply, one rotary valve 50 will have rotary housing 56 connected to the
coolant supply port 60a axially on an end and to the coolant return port
60b transversely but that the next, adjacent vane 40 that is fluidly
connected in series to the earlier vane 40, rotary valve 50 will have
rotary housing 56 connected to the coolant return port 60b axially on the
end and to the coolant supply port 60a transversely. For each additional
vane 40, the assignment of coolant supply port 60a and coolant return port
60b to the axial or transverse connection to rotary housing 56 will
alternate accordingly in order to form a continuous coolant circuit
through vanes 40. [0061]Turning now to Fig. 11, there is illustrated a
side view of a vane 40 with rotary valve 50 illustrated and described in
Fig. 9. Like the embodiment of vane 40 illustrated in Fig. 5, this
embodiment of vane 40 includes proximal vane end 45 with proximal support
48 and distal vane end 46 with distal support 47. Vane 40 has first
cooling conduit 44a that extends longitudinally through one half of vane
40 and second cooling conduit 44b that extends longitudinally though the
other half of vane 40. Connecting cooling conduit 44c communicates
transversely with first cooling conduit 44a and second cooling conduit 44b
adjacent distal vane end 46 to create continuous cooling conduit 44. At
proximal support 48 of proximal vane end 45, rotary adapter 50 includes
only single rotary housing 56 and modified rotary shaft 57. Rotary housing
56 provides the same function as first rotary housing 52 with coolant
supply port 60a. Rotary shaft 57 fluidly communicates through rotary
housing 56 and with coolant return port 60b. [0062]Figure 12 illustrates
another embodiment of vane 40. In this embodiment, vane 40 has a single,
coolant conduit 44 that is extends longitudinally along the longitudinal
central axis of vane 40 from proximal support 48 to distal support 47.
Proximal support 48 is rotatably supported by feedthrough 70 and includes
a single feedthrough collar 72. Because feedthrough 70 rotatably supports
proximal vane support 48, coolant supply port 60a may be fixedly attached
to feedthrough collar 72 where proximal support 48 is a single tube and
not a pair of concentric tubes. Furthermore, it should be noted that since
coolant conduit 44 is a single tube that extends along the longitudinal
central axis of vane 40, then the fluid coolant must enter one end of vane
40 (i.e. proximal vane end 45 or distal vane end 46) and exit the other
end. Accordingly, distal support 47 must also include similar feedthrough
70 and feedthrough collar 72 to which coolant return port 60b is attached.
As explained above, where two or more vanes 40 are incorporated within
throttle valve 10, the assignment of coolant supply port 60a and coolant
return port 60b to the feedthrough collars 72 at proximal vane end 45 and
distal vane end 46 will alternate accordingly in order to form a
continuous coolant circuit through vanes 40. [0063]Figure 13 illustrates
another embodiment of coolant conduit 44 of vane 40 (not shown) where
cooling fluid, i.e. coolant, enters and exits from the same end (i.e.
proximal vane end 45) of vane 40. In this embodiment, coolant conduit 44
is a pair of concentric tubes 44d (outer tube) and 44e (inner tube) that
extends along the longitudinal central axis of vane 40 creating an outer
conduit chamber 44f and an inner conduit chamber 44g. Coolant fluid enters
one of the conduit chambers and exits through the other of the conduit
chambers. Fig. 13A illustrates an enlarged view of coolant conduit 44 at
distal vane end 46. Arrows 200 indicate the flow of coolant along the
inside of coolant conduit 44. In this configuration, a rotary valve 50
along with feedthrough 70 supports proximal support 48 formed by coolant
conduit 40 at proximal vane end 45. As previously  described, the
direction of coolant fluid flow relative to outer and inner conduit
chambers 44f, 44g will alternate for assemblies having two or more vanes
40. 



[0064]Figure 14 illustrates another embodiment of vane 40 with a cooling
conduit. In this embodiment, the cooling system of vane 40 includes a heat
pipe 130 disposed along the longitudinal central axis of vane 40 that has
a heat pipe proximal end 132 and a heat pipe distal end 150. Heat pipe
distal end 150 is rotatably supported by a bearing 152 disposed in a
bearing housing 154 attached to second side wall 36 of throttle housing
body 22. Heat pipe proximal end 132 is rotatably supported by feedthrough
70 and extends outside of throttle housing body 22 into a rotary adapter
50. An end portion 132a of heat pipe proximal end 132 is rotatably held
within rotary adapter 50. Rotary adapter 50 may be a coolant block having
a rotary housing 56 forming an adapter chamber 56a, coolant supply port
60a and a coolant return port 60b in fluid communication with adapter
chamber 56a. Around heat pipe proximal end 132 that is disposed within
adapter chamber 56a are connected a plurality of heat pipe cooling fins
131 that are thermally connected to heat pipe 130. Instead of a coolant
block, one or more thermoelectric modules may be incorporated as part of
rotary adapter 50, which would provide the cooling mechanism for cooling
heat pipe proximal end 132. Heat pipe 130 and the thermoelectric module
have the typical operating and structural characteristics of those
components and are well known to those of ordinary skill in the respective
arts so no explanation or discussion of their operation is required.
[0065]Figure 15 illustrates a perspective view of one embodiment of
feedthrough 70. Feedthrough 70 has a feedthrough flange 74 and securing
nut 75 for attaching feedthrough 70 to a side wall of vane chamber 28.
Feedthrough 70 also includes a hollow shaft 76 for receiving and
supporting the end of vane 40. Hollow shaft 76 rotated within feedthrough
70 and maintains a seal between the inside of throttle vane valve, which
is at a reduced pressure, and the outside of throttle vane valve, which is
at atmospheric pressure. [0066]Figures 16A and 16B illustrate one
embodiment of a sealing structure of feedthrough 70 used to rotatably
support proximal support 48 and, in the case where a single coolant
conduit is disposed along the longitudinal central axis of vane 40, and
distal support 47. In one embodiment shown in Figs. 16A and 16B,
feedthrough 70 incorporates a quad 0-ring 77 seal to isolate the vacuum
inside the throttle valve body 22 and the atmosphere outside of throttle
valve body 22. Quad 0-ring 77 incorporates two sealing surfaces 77a, 77b
on the outer periphery of the 0-ring and two sealing surfaces 77c, 77d on
the inner periphery of the 0-ring. The quad 0-ring 77 provides increased
reliability over standard 0-rings.  WO 2013/012880PCT1US2012/047102
[0067]Figure 17 illustrates a side view of a preferred embodiment of
feedthrough 70. In this embodiment, feedthrough 70 incorporates a magnetic
fluid seal and associated components for forming such a seal. The
preferred magnetic fluid feedthrough 70 is available from Ferrotec (USA)
Corporation, Bedford, NH under custom product no. HS500-SFBSC.
[0068]Although the preferred embodiments of the present invention have
been described herein, the above description is merely illustrative.
Further modification of the invention herein disclosed will occur to those
skilled in the respective arts and all such modifications are deemed to be
within the scope of the invention as defined by the appended claims.  What
is claimed is: 



1. A multi-vane throttling valve for a vacuum process chamber, the valve
comprising: a throttle chamber body having an inside exposed to the vacuum
process chamber and an outside exposed to atmospheric pressure, the
chamber body defining a through-opening for controlling vacuum within the
vacuum process chamber; a plurality of rotatable vanes mounted within the
through-opening for controlling a flow of gases through the
through-opening wherein each rotatable vane includes a cooling flow
pathway in fluid communication with and disposed longitudinally along each
rotatable vane; and a drive mechanism disposed on and connected to an
outside of the throttle chamber body for rotating the plurality of
rotatable vanes to vary the flow of process gases. 2. The multi-vane
throttling valve of Claim 1 wherein the cooling fluid pathway is a cooling
conduit disposed longitudinally along the rotatable vane. 3. The
multi-vane throttling valve of Claim 2 wherein the cooling conduit is
selected from the group consisting of a straight conduit, a sinusoidal
conduit, a square-wave shaped conduit, a pair of longitudinal conduits
with a transverse conduit connecting the pair of longitudinal conduits on
one end, a pair of concentric conduits defining a flow path between an
inner conduit and an outer conduit, and a longitudinal heat Pipe. 4. The
multi-vane throttling valve of Claim 1 wherein each of the plurality of
rotatable vanes includes a cooling conduit disposed longitudinally along
the rotatable vane and interconnected in series forming a single,
continuous flow path. 5. The multi-vane throttling valve of Claim 1
wherein the drive mechanism includes an actuator arm, a rotating arm
fixedly connected to each rotatable vane, and a linking arm pivotally
connecting a rotating arm of one rotatable vane with a rotating arm of an
adjacent rotatable vane in series wherein one linking arm connects to the
actuator arm. 6. The multi-vane throttling valve of Claim 5 wherein the
rotating arm is connected on one end to the rotatable vane and on the
other end to the linking arm.  WO 2013/012880PCT/IJS2012/047102 7. The
multi-vane throttling valve of Claim 1 further comprising a debris shield
attached to each of the plurality of rotatable vanes. 8. The multi-vane
throttling valve of Claim 1 wherein the throttle chamber body includes a
first body flange, a second body flange and a vane chamber housing
connected between the first body flange and the second body flange, the
vane chamber housing containing the plurality of rotatable vanes. 



9. The multi-vane throttling valve of Claim 8 wherein the vane chamber
housing includes a top plate, a bottom plate, a first chamber side wall, a
second chamber side wall, and a vane support feedthrough attached to the
first chamber side wall that supports the cooling liquid flow pathway of a
rotatable vane and maintains the pressure differential between the vacuum
chamber process and the atmospheric pressure. 10. The multi-vane
throttling valve of Claim 1 further comprising a vacuum feedthrough
supporting each of the plurality of rotatable vanes between the vacuum
chamber process inside and the atmospheric pressure outside of the
throttling valve. 11. The multi-vane throttling valve of Claim 10 wherein
the vacuum feedthrough is a magnetic fluid vacuum feedthrough. 12. The
multi-vane throttling valve of Claim 2 further comprising a rotary adapter
for the cooling conduit of each of the plurality of rotatable vanes. 13.
The multi-vane throttling valve of Claim 3 wherein, when the cooling
conduit is a heat pipe, the throttling valve further includes a cooling
block for rotatably receiving one end portion of the heat pipe that is
outside of the vane chamber housing. 14. The multi-vane throttling valve
of claim 13 wherein the cooling block is selected from the group
consisting of a water flow block and a thermoelectric module block.  15. A
method of providing a full range of linear conductance control in a vacuum
process chamber during a vacuum chamber process using a throttling valve,
the method comprising: obtaining a multi-vane throttling valve for use
with the vacuum process chamber and incorporating a plurality of rotatable
vanes disposed in a vane chamber housing of a throttle chamber body;
configuring each of the plurality of rotatable vanes with a cooling
conduit disposed longitudinally along each rotatable vane; flowing cooling
liquid through the cooling conduit of each rotatable vane; and rotatably
adjusting the orientation of each rotatable vane to thereby provide linear
conductance control during vacuum processing in the vacuum process
chamber. 16. The method of Claim 15 wherein the configuring step includes
configuring the cooling conduit as one of a straight conduit, a sinusoidal
conduit, a square-wave shaped conduit, a pair of longitudinal conduits
with a transverse conduit connecting the pair of longitudinal conduits on
one end, a pair of concentric conduits defining a flow path between an
inner conduit and an outer conduit, a longitudinal heat pipe, or a
combination thereof. 17. The method of Claim 15 wherein the configuring
step includes fluidly connecting in series the cooling conduit of each of
the plurality of rotatable vanes. 



18. The method of Claim 15 further comprising attaching a debris shield to
each of the plurality of rotatable vanes. 19. The method of Claim 15
wherein the obtaining step includes obtaining a throttling valve
incorporating a magnetic fluid feedthrough for rotatably supporting the
cooling conduit and rotatable vane for each of the plurality of rotatable
vanes. 20. The method of Claim 16 further comprising, when the cooling
fluid pathway is a heat pipe, connecting a cooling block to one end
portion of the heat pipe located outside of the vane chamber housing on
the atmospheric side of the throttling valve wherein the cooling block
rotatably supports the one end portion of the heat pipe. 


