
0 9 DEC 2005 LIQUID FILTRATION DEVICE BACKGROUND OF THE INVENTION The
IMPACT(r) LVHD filter, sold by Mykrolis Corporation of Bedford,
Massachusetts, has a low hold up volume which is very advantageous due to
the high cost  of the process fluids principally filtered by the device:
photoresist, dielectrics, anti- reflectives and optical disc materials. The
IMPACT LHVD filter provides superior  filtration to prevent debris in the
process fluid from being deposited onto the substrate and  from causing
defects. A sectional view of the current IMPACT filter may be found in
Figure 1. Figure 1  provides a device that uses three independent
connections, a vent 12, a feed14, and an  outlet 16, that can interface
with either a stand alone manifold or directly to a dispense  system such
as the RGEN' or IntelliGen(r) dispense systems that are manufactured by
Mykrolis Corporation. The process fluid enters through the inlet port 14
and flows  through the inlet tube 24 to the housing bottom 25. The process
fluid then flows through  the vertical membrane filter 26 to the outlet
port 16, where the purified fluid is directed  back to the manifold or
dispense system. The vent port 12 allows bubbles that  accumulate on the
upstream side of the filter to exit the housing 22. To better eliminate
bubbles from the filter, the top surface of the housing cap 18 is set at an
angle directed up  to the vent port 12. This allows air bubbles to
gradually rise to the highest point in the  housing 20 and to exit the
housing 22. . A more detailed description of the attributes and benefits of
the IMPACT LHVD  filter may be found in Mykrolis Applications Note No.
MA068 entitled "New  Photochemical Filtration Technology for Process
Improvement" by M. Clarke and Kwok- Shun Cheng. This paper was originally
presented at the INTERFACE '97 Poster Session  on November 10, 1997. It is
available at http://www.mykrolis.com/micro/appnotesliq.nsf/docs/48LQ63.
Also, benefits of the  IMPACT LHVD are presented in Mykrolis Applications
Note No. MAL169 entitled  "Improving Photolithography Equipment OEE with
the IMPACT ST Manifold" by M.  



Clarke. It is available at
httpJ/www.mykrolis.com/micro/appnotesliq.nsf/docs/46AK7B. 0 9 DEC 7005
Although the design and performance of the IMPACT LHVD filter is much
improved over other filtration devices, it is also not fully optimized for
bubble venting.  In the IMPACT LHVD filter, bubble-laden fluid is forced to
the bottom of the device to  sweep the bottom with fluid to prevent fluid
stagnation at the bottom and the formation of  gel particles. Therefore,
any entrained bubbles must then rise to the vent. Again, the  slowly rising
bubbles from the bottom will require more time and chemical to purge them
from the device. To compensate for the shortcomings of filters and how they
are used in standard  filtration and dispense systems, Mykrolis developed
integrated filtration and dispense  systems called `Two Stage Technology"
or "TST'. The designs of these TST systems  allow for recirculation of
bubble-laden fluid to minimize the amount of fluid that is  wasted during
start-up of a new filter. Although these systems more efficiently remove
bubbles from the filter and conserve fluid, waste is still generated, as
the venting process  is not optimized. A more detailed description of the
operation of a Two Stage Technology System  is given in Mykrolis
Applications Note No. MAL111 entitled "Understanding the  Operating Cycles
of Millipore Two-Stage Technology Photochemical Dispense Systems"  by M.
Clarke. It is available at
http://www.mAmlis.com/micro/appnotesliq.nsf/does/46FSWG. For all of these
systems (even including TST systems), bubble venting is still not
optimized as the venting process release not just bubbles but a bubble
saturated fluid  stream. Since bubbles do not rise quickly in many process
fluids, the motion of the fluid  toward the vent is required to remove the
bubbles (effectively, the bubbles are carried  along by the fluid stream).
In addition, the smaller the bubbles to be removed, the more  fluid that is
ejected in the stream. It is apparent from the aforementioned applications
notes and discussions that gas  bubbles are a concern to semiconductor
manufacturers. However, the current IMPACT  



filter or any other currently available product, inadequately addresses the
need to sweep  bubbles from all surfaces of the filtration device as well
as to initiate bubble removal 0 9 DEC 2005 prior to filtration.
Accordingly, it would be desirable to provide a liquid filtration device
wherein  bubble removal from the liquid being filtered be initiated prior
to filtration so that the gas  bubbles removed are positioned near the
vent, thereby facilitating gas bubble removal  from the liquid being
filtered. Also, it would be desirable to have the system to provide a
means for automatic venting of a liquid filtration device that minimizes
the amount of  fluid loss. SUMMARY OF THE INVENTION The present invention
provides a device that eliminates gas bubbles from a fluid  by using the
fluid's velocity within the device, coupled with specific flow channels, to
remove pockets of gas from liquid filtration devices. The properly designed
flow paths  direct fluid into locations where gas bubbles will most likely
collect. The present invention provides a device and method for eliminating
gas bubbles  from a liquid within a housing having a housing cover that
will allow for faster and more  efficient removal of entrained bubbles. The
new device and method uses a portion of the  fluid's velocity at the device
inlet to sweep around the underside of a flange of a filter  cartridge
within the device. This will force gas bubbles within the fluid to rise
above the  filter membrane and adjacent the inside surface of the housing
cover. The liquid streams  positioned beneath the filter cartridge's flange
then converge to the inside surface of the  housing cover and proceed to
force gas bubbles from the fluid to proceed toward the vent  port of the
device. In addition, the present invention provides a method for effecting
automatic  venting of bubbles from the fluid being filtered. It is an
object of the present invention to provide a liquid filtration device that
eliminates gas bubbles from fluid within the device during a vent cycle. It
is also an object of the present invention to provide a liquid filtration
device that  



removes gas bubbles from a fluid by utilizing surfaces in the device while
the device is  operated in a filtration cycle. 0 9 DEC 2005 BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 is a representation of the prior art,
a sectional view of an IMPACT  LHVD filter. Figures 2a and 2b are
cross-sectional views of the filtration device of the present  invention
with arrows representing fluid flow paths. Figure 3a is a view of the
underside of the top cap of the filtration device of this  invention.
Figure 3b is a partial cross sectional view of the top cap of Figure 3a
positioned  relative to a cap on the filter cartridge of this invention.
Figure 4a is a partial sectional view of the present invention which shows
fluid  channels with arrow representing fluid flow paths. Figure 4b is an
underside view of the device of Figure 4a. Figure 5 is a top view of the
bowl of the filtration device of the present invention.  Figure 6a is a
partial section view of the present invention which shows fluid  channels
with arrow representation of the fluid flow path. Figure 6b is an underside
view of the device of Figure 6a. Figure 7 is an underside view of the top
cap and housing with arrows representing  the fluid flow paths. Figure 8 is
a partial sectional view of the present invention which shows a fluid
channel and arrow representations of fluid flow paths. Figure 9 is a
partial sectional view of the present invention which shows a fluid 0 9 DEC
2005 -5 channel and the convergence of fluid flow paths access point to
force air bubbles above  filter cartridge. Figure 10 is a bottom view of an
alternative housing cover of this invention. 



Figure 11 is a bottom view of an alternative top cap of this invention used
in  conjunction with the housing cover of Figure 10. Figure 12 is a flow
diagram illustrating an automated method for operating the  device of this
invention. DESCRIPTION OF TIM SPECIFIC EMBODIMENTS The flow direction of
both bubbles removed from fluid being filtered and the  filtered fluid
within the filtration device of this invention depends upon the mode in
which the device is being operated. The filtration device of this invention
can be operated  with the vent either open or closed. In an initial
operating mode of the filtration device,  the filtration device is filled
with fluid and additional fluid is pumped through the device  with the vent
open to remove the majority of gas and bubbles from the device. During
this mode of operation, bubble-laden fluid is also passed through the vent.
Subsequent to  this initial mode of operation, the vent is closed and the
fluid being filtered is pumped  through the filter device of this
invention. During this mode, bubbles are constantly  separated from the
fluid being filtered and are collected at or near the vent. In a preferred
mode of operation, fluid is recirculated through the filtration device for
a period of time to  assure complete or substantially complete gas removal
from the pores of the filter to  minimize the amount of fluid that is
wasted. At specific intervals, the vent is opened and  bubbles are expelled
from the filtration device. The vent then is closed and bubble-free  fluid
can be dispensed to a point of use. After some period of time, the device
will collect  additional bubbles and another vent operation is needed.
Again, bubbles and fluid will be  expelled through the vent. The bubbles
entrained within the fluid are forced from the fluid along one of two
locations within the filtration device. A first channel is positioned in a
housing cover of 0 9 DEC 2005 the filtration device and is positioned to be
in direct fluid communication with the vent- A second channel is positioned
in a top cap above the filter membrane of the filtration  device and is
positioned to be in direct fluid communication with the first channel. The
first channel accumulates bubbles from the fluid as the fluid enters the
filtration device.  



The first channel also is positioned to accept bubbles recovered in the
second channel.  The second channel accumulates any bubbles that either
collect or form on the upstream  side of the filtration membrane of the
filtration device. Thus, the filtration device  recovers bubbles which are
immediately released from the fluid upon entering the  filtration device
and which are released from the fluid prior to filtration. The present
invention provides a liquid filtration device with internal flow paths
that facilitate the removal of air bubbles therefrom, the device comprising
a housing, said  housing including a bowl; a cap and a cover, the cover
having internal and external  surfaces and characterized by apertures
therein that serve as fluid inlet, outlet and a vent,  whereby said cap,
cover and bowl are combined in such a manner that fluid channels are
created, such channels facilitating sweeping bubbles out of the device and
toward the  vent, said channels including a fluid channel that directs
fluid toward that portion of the  housing where the vent is located; a
fluid channel that directs fluid to sweep the bottom of  the bowl; and a
fluid channel that directs fluid to sweep the undersurface of the cap. In a
preferred embodiment, the device is designed so that the inlet and vent
fluid  flow path cross-sectional areas are controlled in a manner such that
an optimal fluid  velocity is achieved for bubble removal and separation,
thereby increasing the efficiency  of bubble removal In a preferred
embodiment, the underside of said top cap has a sloping surface,  said
sloping surface having a nadir and zenith which is utilized during venting
and  filtration cycles as well as between cycles. Such a sloping surface
will facilitate removal  of bubble from the device. Preferably, the surface
zenith is juxtaposed to the vent  aperture so the bubbles are more
efficiently removed from the fluid. In a preferred embodiment, vent paths
will converge at or near the nadir of the  volume between the cap and the
cover. It is understood that this volume will be where air 0 9 DEC 2005
bubbles to be purged will congregate. Preferably for this embodiment; the
surface zenith  is juxtaposed to the vent aperture so the bubbles are more
efficiently removed. In a preferred embodiment of the present invention,
the internal surface of the  



cover will have a vent ridge, the zenith of said vent ridge positioned
substantially near the  vent aperture. In another preferred embodiment, the
vent is located directly above a vent  aperture while restricting the vent
fluid path to maintain fluid velocity to force gas from  the fluid. In
another preferred embodiment, the vent process is automatically controlled
such that minimal fluid is lost during the vent process. The present
invention provides a method of removing air bubbles from a device  intended
to filter fluid, said device including an inlet, outlet and vent and said
device  characterized by being subjected to filtration and vent processes,
the method comprising  providing fluid channels that are swept during
filtration and vent processes. Fluid  channels are provided that facilitate
the sweeping of air bubbles from the surfaces of the  device towards a
vent, whereby use of the device in either filtration or venting will
remove air bubbles from the device. Referring to Figures 2a and 2b, a
device of the present invention includes an outlet  30, an inlet 32 and a
vent 34 that are formed from the housing cover 36. The housing  cover 36 is
fitted to the top cap 38 and housing bowl 42. Filter media 40 is contained
within the housing bowl 42. The arrows indicate how fluid will flow in the
device.  Diverter 44 alters the fluid now path from the inlet towards the
vent 34. When the  filtration device is filtering fluid, the majority of
the fluid will pass directly from the inlet  32 to the housing bowl 42
while depositing air bubbles in the vicinity of the vent 34. The  housing
cover 36 is provided with a first channel 31 which extends about the entire
or  substantially entire circumference of housing cover 36 and provides a
pathway for gas and bubbles to be directed to vent 34. The top cap 38 is
provided with a second channel  33 which extends substantially the entire
circumference of top cap 38 and provides a 0 9 DEC 2005 -8 pathway for gas
from inlet fluid to be directed into the first channel 31 and then through
vent 34. 



Referring to Figures 3a and 3b, the housing cover 36 has its internal
surface 37  angled towards the vent side 35 of the housing cover 36. The
first channel 31 spirals up  from the outlet side 39 of the housing cover
36 to the vent 34 (Figure 2b) to remove all  additional gas bubbles. Also,
as shown in Figures 3a and 3b, inlet fluid is redirected from the center of
the  housing to the side of the housing by the diverter 44 where the vent
34 (Figure 2b) is  located for this particular design. This configuration
forces bubble-laden fluid from the  inlet 32 (Figure 2b) to travel towards
the vent 34 (Figure 2b). By controlling the cross- sectional area, the
fluid velocity can be regulated such that buoyant forces and residence
time are optimized for efficient bubble removal. The fluid then travels
down the side fluid  channel 46. Figures 4a and 4b illustrate the inlet
fluid being directed below the top cap 38  (Figure 2b) through the cut out
52 where it then is split off. Most of the fluid travels  down the side
fluid channel 46 created with two ribs 49 found on the inside of the bowl
42 (Figure 2b) to sweep the housing bowl bottom 25 (Figure 6b) to prevent
stagnant fluid  locations and the formation of gel particles. The other
portion of the inlet fluid enters  fluid channels 53 and 54 to sweep out
gas pockets around the underside of the top cap 38  (Figure 2b). By
creating a mechanical seal between the top cap 38 (Figure 2b) and the
housing bowl 42 (Figure 2b), a flow path which allows fluid to travel
beneath the top cap  38 (Figure 2b) and then back above on the opposite
side through cut out 51 is generated  with two channels 53 and 54. Figure 5
illustrates the two larger ribs 49 positioned a short distance below the
top  cap seal ridge 55 to direct the inlet fluid to sweep the bottom of
bowl 42 (Figure 2b) and  the underside of the top cap 38 (Figure 2b).
Figures 6a and 6b illustrate the flow of liquid as shown by the arrows. The
inlet  fluid is directed down the side channel 46 created by ribs 49
(Figure 5) and sweeps the 0 9 DEC 2005 volume between the bottom of the
filter media 40 (Figure 2b) and the bottom inner  surface of bowl 42. The
fluid is also directed through channels 53 and 54 (Figure 4b) to  



sweep the underside of the top cap 38. Figure 7 illustrates the fluid flow
as it is directed about the underside 57 of the top  cap 38 (Figure 2b)
through second channel 33 (Figure 2b) on an increasing slope to  eliminate
gas bubbles. Figure 8 illustrates the converging flow paths to access point
48 directing air  bubbles through second channel 33, through cut out 51 and
above the top cap 38 (Figure  2b) into the volume between the top cap 38
(Figure 2b) and the cover 36 (Figure 2b). Figure 9 illustrates the flow
path being directed back above the top cap 38 at the  lowest location
(nadir) 58 ofthe volume under the housing cover 36 (Figure 2b). This
ensures that the liquid is forcing the gas bubbles along the underside of
the top cap 38  (Figure 2b) to channel 31 (Figure 2b). Figure 10
illustrates a housing cover 88 with a restricted fluid flow path 71 is
provided to prevent reverse fluid flow along channel 73. The restricted
flow path 71  allows critical surfaces to be swept during the vent process
alone. During the vent  process, only a small amount of the fluid entering
the fluid inlet 93 is able to pass directly  to the vent 92 while the
remainder of the fluid velocity is maintained to continue fluid  flow below
the top cap 81 (Figure 11) of the filter cartridge 40 (Figure 2b) and sweep
the  underside of the top cap 81. The fluid then converges to the access
point 84 of the vent  groove 73 where the fluid velocity can be more easily
maintained with a small cross- sectional area. In contrast, with
unrestricted access to the gas vent 92, the sweeping of  the cartridge must
be done during the filtration process, thus being less effective than the
vent process or both the vent and filtration processes. The housing cover
70 is provided  with vent 92, fluid inlet 93 and fluid outlet 75. Both
inner surfaces 90 and 77 slope  toward gas vent ridge 87 to facilitate gas
flow to gas vent 92. As shown in Figure 11, the  under surface 94 of top
cap 81 is provided with gas channel 83 which converges to access  point 84
which is in fluid communication with channel 73 (Figure 10). Top cap 81
also is  provided with outlet 85 which is in fluid communication with
outlet 75 (Figure 10). The 0 9 DEC 2005 -10 



top cap of Figure I1 is bonded to housing cover 88 to block area 86 thereby
to reduce the  hold-up volume and create the fluid flow paths of the
filtration apparatus. The present invention also provides a method for
operating the liquid filtration  device of this invention in systems for
filtering and dispensing process fluids. In a typical  application (also
called single stage technology), filters are installed dry between a
dispense mechanism (e.g. diaphragm pump, air pressurized canister, etc) and
an outlet  nozzle that directs the fluid onto a substrate such as a
semiconductor wafer or optical disc.  To remove air from the filter's
pores, the process fluid is pushed into the filter and  flushed out both
the vent and the outlet ports until each fluid stream contains no visible
air bubbles. Unfortunately, the fluid sent out the vent and outlet contains
many bubbles,  and it is well known that bubbles can cause defects on or in
a coated substrate. Therefore,  this bubble-laden fluid is normally
directed to waste and not re-used, and this practice can  consume a
significant amount of fluid. Process fluids can be expensive ($1,000 to
$10,0000 per liter) and minimizing waste by more efficiently eliminating
bubbles is  important. Typical filtration devices are not optimized to
remove bubbles. The preferred  operation orientation to remove bubbles uses
the filter with the fluid inlet at the bottom  and the vent at the top.
Although this efficiently removes large gas bubbles from the  device,
smaller bubbles introduced through the inlet rise slowly along the outside
of the  membrane. Purging these bubbles from the upstream side of the
device takes considerable time and wastes fluid. In addition, bubbles can
be absorbed by the  membrane, resulting in de-wet spots causing shorter
filter lifetime and bubble induced  substrate defects. With a TST system, a
microprocessor controls the actions of two pumps with a  filter between
them to allow for many process benefits, The designs of these systems also
allow for recirculation of bubble-laden fluid to minimize the amount of
fluid that is  wasted during start-up of a new filter. During start-up of a
dry filter, fluid is pushed  through the filter to the downstream side,
where the bubble-laden fluid (from gas  removed from the pores of the
filter membrane) is cycled back to the inlet of the pump.  



This fluid is then brought back to the upstream side of the filter. Since
the membrane 0 9 DEC 2005 -1t pores are now filled with the process fluid,
the membrane is a more effective (but not  completely effective) barrier to
bubble passage. In the prior art Impact LHVD filter, the  bubble laden
fluid is directed to the bottom of the filter. Bubbles must then rise by
buoyant forces to the filter's vent where they are removed either by an
automatic means  (software triggered vent valve) or by a manual means
(manually actuated vent valve).  Although this is a more efficient method
for removing bubbles from the filter and  conserving fluid, waste is still
generated, as the venting process is not optimized. For all  of these
systems, bubble venting is not optimized as the venting process releases
not just  bubbles but a bubble saturated fluid stream. Since bubbles do not
rise quickly in many  process fluids, the motion of the fluid toward the
vent is required to remove the bubbles  (effectively, the bubbles are
carried along by the fluid stream). In addition, the smaller  the bubbles
to be removed, the more fluid that is ejected in the stream. Bubble venting
with the liquid filtration device of this invention can use an  algorithm
to automatically control the venting of filters ("smart venting").
Specifically,  smart venting will limit the number of times that the filter
undergoes a vent cycle, and it  will limit the amount of fluid that is lost
during each vent cycle. Typically, filters are vented during start-up and
during operations as follows: (A) In a TST system during filter start-up,
the filter is vented every fifth cycle  to remove entrapped bubbles.
Typically, the vent valve opens for 250 milliseconds, and  approximately 50
to 150 microliters of fluid is sent to waste. During a typical start-up
and preconditioning process, the filter can be vented more than 200 times.
Therefore, this  process wastes between approximately 10 milliliters and 30
milliliters of fluid. Also,  during normal operation, the filter is vented
every cycle, again resulting in between 50  and 150 microliters being lost
per each dispense. (B) In non-TST applications, venting is usually a manual
process and is at the  discretion and convenience of the operator. During
start-up, venting is more frequent, but  



the manual aspect of venting results in between 50 to 100 milliliters of
fluid loss. Also,  since there is typically no recirculation of the
filter's downstream fluid, an additional 500  to 1500 milliliters can be
wasted conditioning the filter. Finally, during operation,  venting can be
done once per day, and again, between 20 and 30 milliliters can be lost
each time. 0 9 DEC 2005 -i2 With the liquid filtration device of this
invention, smart venting is programmable  and automated. On a single stage
system, this could be accomplished by using an  "intelligent" manifold and
the device of this invention. The current IMPACT ST  manifold is a passive
device, but it can be made to do smart venting by adding a  microprocessor
and several fluid connections (e.g., solenoid valves, tees). A description
of such a system is shown in Figure 12. In this figure, the manifold with
the filter device  of this invention 70 controls the operation of solenoid
vent valve 72 and solenoid  recirculation valve 74. The manifold with the
device of this invention is also in  communication with a pump 89. Tee
connection 76 is positioned so that fluid can be  directed either through
recirculation valve 74 or through the stop and suckback valve 78  to the
substrate 84. Tee 80 is positioned both to accept fluid from fluid source
82 during  normal operation or from valve 74 when the fluid is recirculated
to the manifold and filter  device 70. At start-up of a new filter,
recirculation valve 74 and stop and suckback valve  78 are closed and vent
valve 72 is opened. Fluid is then sent into the manifold to fill the
housing of the filtration device. After the housing is full, fluid can then
be recirculated  automatically while vent valve 72 is closed and
recirculation valve 74 is open so that vent  loss can be minimized. At
selected times during recirculation (either timed or after a  certain
number of cycles), the recirculation valve 74 is closed and the vent valve
72 is  opened to remove gas from the manifold and filter 70. After the
filter has been primed,  valve 74 is closed and valve 78 is opened so that
fluid can be deposited on substrate 91. In most cases, the number of cycles
between venting could be lengthened by using  the device of this invention.
Since bubbles are preferentially trapped and coalesce at the  



top of the filtration device, they are not in contact with or pass by the
filter membrane. As such, they will not form de-wet spots (i.e., causing
shorter filter lifetime or introducing  bubble induced substrate defects).
Therefore, the time between vent processes can be  increased. Also, the
vent valve opening (time and geometry) can be minimized. Currently,  the
vent valve must be sufficiently open to allow for bubble-laden fluid to
flow through  the valve. However, since the bubbles will coalesce into
larger bubbles, air (with its  lower viscosity) flows more easily than
fluid through a small passage, and opening the 0 9 DEC 2005 -13 vent ever
so slightly for a short time interval would allow air to pass through while
not  allowing fluid to pass. This could be accomplished by either setting a
short vent opening  time or controlling the vent valve to minimize its open
orifice area. Both would be  effective in minimizing the opening of the
valve for different viscosity fluids, and both  would minimize fluid loss
through the vent. The automatic operation method of this invention can be
further improved by  incorporation of the following features: (A) Install a
membrane contactor type of degasser in the system. This  degasser can be
installed on the filter's vent line. Also, on a single stage system, it can
be  upstream of the filter; and on a two stage technology system it is
positioned on the  upstream side of the pump (but downstream of the line
used to recirculate the fluid during  start-up). Such a degasser remove
bubbles and prevent microbubble formation without  affecting the fluid
stream. This also has the advantage ofpractically eliminating venting
during normal operation. Other degassing means (e.g., sparging, heating,
vacuum, etc.)  can be used, but those means usually result in undesirable
changes to the process fluid  e.g., viscosity change due to solvent
evaporation). (B) Install a bubble detector either in the vent line, in the
vent port of the filter  itself or in the manifold that connects the
filtration device to a two stage technology  system. Venting then can be
enabled only when the bubble detector senses a sufficient  



quantity of gas with a signal being read by a microprocessor. In addition,
venting can be  controlled such that only bubbles are vented and not fluid.
0 9 DEC 2005 -14 CLAIMS 1. A liquid filtration device with internal flow
paths that facilitate the purging of  air bubbles therefrom, the device
comprising: a housing, said housing including  a bowl; a cap, and a cover,
the cover having internal and external surfaces and characterized  by
apertures therein that serve as fluid inlet, outlet and vent, whereby said
cap,  cover and bowl are combined in such a manner that fluid channels are
created,  such channels facilitating sweeping bubbles out of the device and
toward the vent,  said channels including: a fluid channel that directs
fluid toward that portion of the housing where the vent is  located; a
fluid channel that directs fluid to sweep the bottom of the bowl; and  a
fluid channel that directs fluid to sweep the undersurface of the cap. 2.
The device of claim 1 further comprising vent paths that converge.  3. The
device of claim 2, wherein, said vent path convergence being  juxtaposed to
the nadir of the volume between the cap and the cover. 4. The device of
claim 2, whereby the underside of said top cap has a sloping  surface, said
sloping surface having a nadir and zenith. 5. The device of claim 4, said
surface zenith being juxtaposed to said vent  aperture. 6. The device of
claim 5, wherein, said vent path convergence being  juxtaposed to the nadir
of the volume between the cap and the cover. 7. The device of claim 4, said
surface nadir being juxtaposed to said converged  



vent flow paths. 8. The device of claim 7, wherein, said vent flow path
convergence juxtaposed  to the nadir of the volume between the cap and the
cover. 9. The device of claim 1, wherein the internal surface of the cover
defines a  vent ridge. 0 9 DEC 2605 -15 10. A method of removing bubbles
from a fluid passing through a filter device,  comprising: providing a
filter device comprising a housing, the housing comprising a  bowl, a cap,
and a cover, the bowl defining an opening that receives a filter medium,
the cap substantially covering the opening of the bowl and the filter
medium, the  cover being fitted to the cap and the bowl, the cover
including a fluid inlet, a fluid  outlet, and a vent; directing fluid from
the inlet toward the vent through a first fluid channel  defined in a first
volume between the cover and the cap, the first fluid channel  accumulating
bubbles from the fluid near the vent as the fluid enters the filter device,
the inlet and vent being positioned at the same end of the housing; and
optionally, opening the vent to enable the bubbles that accumulate near the
vent to be expelled. 11 The method of claim 10 further comprising:
directing the fluid from the first fluid channel to sweep an undersurface
of the  cap through a second fluid channel, the second fluid channel being
defined in a  second volume between an undersurface of the cap and the
filter medium, the  second fluid channel accumulating bubbles from the
fluid that collect or form near  the undersurface of the cap; and further
directing the fluid from the second channel back to the first fluid
channel through an aperture defined in the cap that couples the second
fluid  channel with the first fluid channel, the first fluid channel
accumulating bubbles  



recovered in the second fluid channel near the vent. 12. The method of
claim 11 further comprising: directing the fluid from the first fluid
channel toward the bottom of the bowl  through a third fluid channel
defined between the bowl and the filter medium, the  third fluid channel
enabling the fluid to sweep the bottom of the bowl; and further directing
the fluid from the bottom of the bowl through a plurality of  fourth fluid
channels toward the second fluid channel. 13, The method of claim 10
wherein the first fluid channel is characterized by  cross-sectional areas
that facilitate a fluid velocity that enables removal of bubbles from the
fluid flowing through the first fluid channel. 14. The method of claim 10
wherein the first fluid channel extends substantially 0 9 DEC 2005 -16
about the circumference of the housing cover, such that the first fluid
channel spirals up  from an outlet side of the cover to provide a pathway
for bubbles to be directed to the vent.  15. The method of claim 11 wherein
the second fluid channel extends substantially about the circumference of
the cap, the second fluid channel defining a flow  path allowing fluid to
travel beneath the cap and then back above the cap through an  aperture
into the first fluid channel for expulsion through the vent. 16, The method
of claim 12 wherein the third fluid channel is defined between at  least
two ribs positioned axially along the inside of the housing bowl. 17. The
method of claim 12 wherein the plurality of fourth fluid channels  converge
with the second fluid channel at or near the nadir of the volume between
the cap  and the cover of the housing. 18. The method of claim 17 wherein
the plurality of fourth fluid channels are  each defined between at least
two ribs positioned axially along the inside of the housing  bowl. 19. The
method of claim 10 wherein the underside of the cap has a sloped  surface,
the sloped surface having a nadir and a zenith, the zenith being juxtaposed
to the  



vent. 20. The method of claim 10 wherein the housing cover has an internal
surface  angled toward a vent side of the cover to provide a pathway for
bubbles to be directed to the  vent. 21. The method of claim 10 further
comprising: opening and closing the vent for time intervals that minimize
fluid loss.  22. The method of claim 10 further comprising: providing a
degassing membrane contactor external to the filter device to  further
eliminate bubbles. 23. A method of removing bubbles from a fluid passing
through a filter device,  comprising: providing a filter device comprising
a housing, the housing comprising a  bowl, a cap, and a cover, the bowl
defining an opening that receives a filter medium,  the cap substantially
covering the opening of the bowl and the filter medium, the  cover being
fitted to the cap and the bowl, the cover including a fluid inlet, a fluid
outlet, and a vent; directing fluid from the inlet toward the vent through
a first fluid channel 0 9 DEC 2005 -17 defined in a first volume between
the cover and the cap, the first fluid channel  accumulating bubbles from
the fluid near the vent as the fluid enters the filter device; further
directing the fluid from the first fluid channel to sweep an  undersurface
of the cap through a second fluid channel, the second fluid channel  being
defined in a second volume between an undersurface of the cap and the
filter  medium, the second fluid channel accumulating bubbles from the
fluid that collect or  form near the undersurface of the cap; further
directing the fluid from the second fluid channel back to the first fluid
channel through an aperture defined in the cap that couples the second
fluid  channel with the first fluid channel, the first fluid channel
accumulating bubbles  



recovered in the second fluid channel near the vent; and optionally,
opening the vent to enable the bubbles that accumulate near the  vent to be
expelled. 24. A method of removing bubbles from a fluid passing through a
filter device,  comprising; providing a filter device comprising a housing,
the housing comprising a  bowl, a cap, and a cover, the bowl defining an
opening that receives a filter medium,  the cap substantially covering the
opening of the bowl and the filter medium, the  cover being fitted to the
cap and the bowl, the cover including a fluid inlet, a fluid  outlet, and a
vent; directing the fluid from the inlet of the filter device toward the
bottom of the  bowl through a first fluid channel defined between the bowl
and the filter medium,  the first fluid channel enabling the fluid to sweep
the bottom of the bowl; further directing the fluid from the bottom of the
bowl through at least one  second fluid channel toward the vent for removal
of bubbles in the fluid; and  optionally, opening the vent to enable the
bubbles that accumulate near the  vent to be expelled. 25. The method of
claim 24 wherein the housing cover has an interior surface  being angled
toward the vent to enable bubbles removed from the fluid to rise to the
vent.  26. The method of claim 24 wherein an interior wall of the housing
bowl is fitted  to the exterior wall of the filter medium, such that the
first fluid channel is defined therebetween for directing the fluid from
the inlet of the filter device toward the bottom of the  bowl. 0 9 DEC 2005
-18 27. The method of claim 24 wherein at least one flow channel is defined
between  the interior bottom of the housing bowl and the exterior bottom of
the filter medium, such  that at least one fluid channel is defined
therebetween for sweeping the interior bottom of  the housing bowl. 


