
MODULAR FILTER CASSETTE 

RELATED APPLICATIONS 

[G001] This application claims the benefit of United States Provisional Patent Application Ho. 
61)542,645, entitled "Modular Filtration System," filed October 3, 2011 and United States 
Provisional Patent Application No. 61/613,886, entitled "Modular Filtration System," filed 
March 21, 2012, both of which are hereby fully incorporated by reference herein. 

TECHNICAL FIELD 

[0002] This disclosure relates to filtration systems. More particularly, embodiments described 
herein relate to modular filtration systems. Even more particularly, embodiments described 
herein relate to modular filtration systems for filtering semiconductor manufacturing fluids. 

•BACKGROUND 

10003] Semiconductor manufacturing processes are highly sensitive to contamination because 
depositing even a tiny particle on a semiconductor wafer can lead to defects. Therefore, it Is 
common to employ ultraclean filters having membranes that remove submicrcn particles, 
Although different filtration modules have been developed to filter semiconductor 
manufacturing liquids, many existing filter modules are cylindrical, having a housing with a 
one-pfece cylindrical bowl or sleeve in which the filter membrane resides. Typically, these 

- Filters contain a circular pleated filter membrane that encircles a hollow core. Fluid enters 
the filter module from the top, flowing between the filter membrane and the housing, passes 
through the filter membrane to the hollow core and exits the module out the top. 

[0004] Existing cylindrical filter modules suffer several shortcomings. One deficiency is that the 
circular pleated membrane unduly restricts fluid flow because the membrane must be more 
tightly packed towards the center In order to achieve the circular configuration. Another 
deficiency is that the cylindrical housings are molded or extruded as single pieces, making H 
difficult or Impossible to add geometries that run perpendicular to the cylinder's axis. 
Furthermore, many existing filter modules are difficult to install and replace. Since many 
liquids used in semiconductor manufacturing are corrosive or toxic, filter module 
replacement presents a danger to workers. 
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[0005] Current filtration systems that employ cylindrical filters have limited configurability. In meny 
cases, filters are connected through multiple units in s fixed configuration, making it difficult 
to change the flow through the filters from serial to parallel as needed. Additionally, many 

filtration systems use only a single type of filter, limiting the ability to apply different filters for 
different purposes or particle sizes in a single filtration system. 

SUMMARY 

[0006] This disclosure relates to filtration systems and filters. Particular embodiments provide 
filtration systems and filters for •filtering semiconductor manufacturing liquids. 

[0007] According to one embodiment, a filter assembly may include a rectangular filter element 
without a filter cage or core (non-cylindrical). The fitter element may include a relatively 
flimsy membrane constrained directly by the main shell. A membrane cover may hold the 
membrane in place, The tour sides of a filter housing may be bonded or otherwise coupled 
together to fully encapsulate the filter element 

[0008] A filter cassette can comprise a filter housing having a filter inlet defining an infet flow path 
end a filter outlet spaced from the filter inlet defining an outlet flow path. The filter housing . 
may define a filter cavity comprising an upstream portion of the filter cavity in fluid 
communication with the iniet and a downstream portion of the filter cavity in fluid 

communication with the outlet. The fitter element may further comprise a filter element 
disposed in the filter cavity- The filter element may at least partially overlap the filter inlet on 
a first side of the filter element The fitter element may separate the upstream portion of the 
filter cavity from the downstream portion of the filter cavity by a potting material. The filter 
element may comprise a rectangular pleated filter with a set of pleats having a first set of 
pleat tips on an upstream side of the filter element and a second set of pleat tips on a 
downstream side of the pleated filter. The first set of pleat tips form a generally planar 
rectangular entrance interface with the upstream portion of the filter cavity. The second set 
of pleat tips may form a generally planar rectangular exit interface with the downstream 
portion of the filter cavity. The filter element may be disposed in a shifted parallelogram filter 
holding area, 

[0009] The filter cassette may include a flow guide disposed between the inlet and the filter 
element, the flow guide configured to direct flow from the inlet to an upstream sidewali. The 
filter cassette may further include a filter cover at least partially defining the filter element 
holding area. A first membrane flap and s second membrane flap of the filter element may 
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be retained between the filter cover and the filter housing. Potting may seal a first end of the 

filter element and second end of the fitter element. 

[0010] The filter cavity may be at least partially defined by an upstream sidewali, e downstream 

sidewali spaced from the upstream sidewali, a third wail running from the upstream sidewail 

to the downstream sWewall, and a fourth wall running from the upstream sidewail to the 

downstream sidewal! and spaced from the third wai!. The filter element can be shifted 

toward the upstream sidewali such that a distance between the filter element and the 

upstream -sidewali decreases In a direction from the third wafl fo the fourth wafl. The filter 

inlet may interface with the filter cavity at the third wali and the outlet may Interface with the 

filter cavity at the fourth wall. The filter cavity may be further defined by a fifth wall and a 

sixth wali. The inlet can interface with the fitter cavity at the fifth wall and the outlet can , 

interface with the filter cavity at the sixth wali. 

[0011] The upstream portion of the filter cavity may be shaped such that the upstream portion of the 

filter cavity has a decreasing hydraulic diameter away from the filter inlet and the 

downstream portion of the fitter cavity is shaped to have an increasing hydraulic diameter 

toward the outlet. 

[0012] Another embodiment may include a filter housing having a filter iniet defining a vertical inlet 

flow path and a filter outlet spaced from the filter inlet, the filter outlet defining a vertical outlet 

flow path. The filter housing may comprise an upstream sidewali and a downstream sidewail 

and define a filter cavity having an upstream portion In fluid communication with the filter 

iniet and a downstream portion in fluid communication with the outlet. A filter element may 

be disposed In the filter cavity. The filter element may be potted and separate the upstream 

portion of the filter cavity from the downstream portion of the filter. The filter element may 

comprise a rectangular pleated filter with a set of pleats having a first set of pleat tips on an 

upstream side of the fitter element and a second set of pleat tips on a downstream side of 

the fitter element The pleated filter disposed in a shifted parallelogram filter holding area. 

One embodiment can further include a flow guide to direct flow from the inlet to the upstream 

sidewail- The pleated filter itself may act as the flow guide or the flow guide may be 

disposed between the filter element and the inlet 

[0013] Yet another embodiment may comprise a method for filtering e liquid. The method may 

include receiving liquid into an upstream portion of a filter cavity through an inlet defining an 

iniet flow path in a first direction. The method may further-include redirecting the liquid in a 

second direction to an upstream sidewali on an upstream side of a filter element using a flow 
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guide. The method may further include wetting a filter element that comprises a pleated 
filter with a set of pleats having a first set of pleat tips on an upstream side of the filter 
element and a second set of pleat tips on a downstream side of the filter element. The 
fluid can be directed through the filter element to a downstream portion of the filter cavity 
to provide normal flow filtration and to an outlet fluidly coupled to the upstream portion of 
the filter cavity. 

[0014] Another embodiment can include a filter housing having an inlet defining a vertical inlet 
flow path and an outlet spaced from the inlet defining a vertical outlet flow path. The 
filter housing can comprise an upstream sidewali and a downstream sidewail and can 
define a filter cavity having an upstream portion in fluid communication with the iniet and 
a downstream portion in fluid communication with the outlet. The upstream portion of the 
filter cavity comprising a first portion adjacent to the upstream sidewail and a second 
portion fluidicaily coupling the inlet to the first portion of the upstream portion. A filter 
element may be disposed in the filter cavity at least partially overlapping the inlet on a 
first side of the filter element. The filter element may separate the upstream portion of 
the filter cavity from the downstream portion of the filter cavity. The filter element further 
comprising a pleated filter with a set of pleats having a first set of pleat tips on an 
upstream side of the filter element and a second set of pleat tips on a downstream side 
of the filter element, wherein the first set of pleat tips form a generally planar rectangular 
entrance interface with the upstream portion of the filter cavity. 

[0015] Embodiments described herein can reduce or eliminate problems associated with round 
filters by utilizing a rectangular pleat pack. For rectangular pleat packs, the pleat pack 
density remains uniform through the device, may maximize the effectiveness of the 
filtration area. For devices with the same filtration area, a rectangular pleat pack may 
perform as if it has more filtration area than a round pleated membrane. 

[0016] As another advantage, a rectangular shaped pleat pack may aliow for taller pleats than 
that of a round filter cartridge. Therefore, the a rectangular pleat pack can better fill a 
volume and provide a more uniform shape than a round pleat pack, thereby reducing the 
envelope dimensions for a rectangular pleat pack device. 

[0017] As another advantage, one embodiment described herein provides a housing that is split 
along the length of the device (running in the same direction as the pleats), allowing for 
geometry, such as ribs (with flow spaces), to be created perpendicular to the pleat 
direction. 
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This provides the pleat pack support directly in the shell/housing, eliminating the need to 
have a separate cage to support the outside geometry of the pleat pack. 

According to the first aspect of the present invention, there is provided a filter assembly 
for filtering semiconductor manufacturing process fluids, the filter assembly comprising: a filter 
housing having a filter inlet defining an inlet flow path and a filter outlet spaced from the filter 
inlet defining an outlet flow path, the filter housing defining a filter cavity at least partially defined 
by an upstream sidewail, a downstream sidewali, a third wali running from the upstream 
sidewali to the downstream sidewail and a fourth wall running from the upstream sidewail to the 
downstream sidewali, the filter cavity comprising an upstream portion of the filter cavity in fluid 
communication with the inlet and a downstream portion of the filter cavity in fluid 
communication with the outlet; and a filter element comprising a filter membrane to filter micron 
or submicron impurities from a semiconductor manufacturing process fluid disposed in the filter 
cavity, the filter element at least partially overlapping the filter inlet on a first side of the filter 
element, the filter element separating the upstream portion of the filter cavity from the 
downstream portion of the filter cavity, the filter element further comprising a rectangular 
pleated filter with a set of pleats having a first set of pleat tips facing the upstream sidewail on 
an upstream side of the filter element and a second set of pleat tips facing the downstream 
sidewali on a downstream side of the pleated filter, the set of pleats packed together such that 
the first set of pleat tips form a generally planar rectangular entrance interface and the second 
set of pleat tips form a rectangular generally planar exit interface and wherein the primary flow 
path of the fluid through the filter element is perpendicular to the flow path through the filter 
inlet. 

According to the second aspect of the present invention, there is provided a method for 
filtering a liquid comprising: receiving a semiconductor manufacturing process fluid into an 
upstream portion of a filter cavity through an inlet defining an inlet flow path in a first direction; 

redirecting the liquid in a second direction to an upstream sidewali on an upstream side of a 
filter element using a flow guide; wetting a filter element, the filter element comprising a filter 
membrane to filter micron or submicron impurities from the semiconductor manufacturing 
process fluid, wherein the filter element comprises a pleated filter with a set of pleats having a 
first set of pleat tips on an upstream side of the filter element and a second set of pleat tips on a 
downstream side of the filter element, the set of pleats packed together such that the first set of 
pleat tips form a generally planar rectangular entrance interface with the upstream portion of the 
filter cavity and the second set of pleat tips form a generally planar rectangular exit interface 
with the downstream portion of the filter cavity; directing fluid through the filter element to a 
downstream portion of the filter cavity, wherein to provide norma! flow filtration and wherein the 
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primary flow path through the filter element is perpendicular to the flow path through the filter 
iniet; and directing fluid to an outlet fluidly coupled to the downstream portion of the filter cavity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The drawings accompanying and forming part of this specification are included to depict 
certain aspects of the disclosure, it should be noted that the features illustrated in the 
drawings are not necessarily drawn to scaie. A more complete understanding of the 
disclosure and the advantages thereof may be acquired by referring to the following 
description, taken in conjunction with the accompanying drawings in which like reference 
numbers indicate like features and wherein: 

[0019] FIGURE 1 is a diagrammatic representation of one embodiment of a filter assembly; 

[0020] FIGURES 2A-2C are diagrammatic representations of one embodiment of a filter 
assembly arranged as a filter cassette; 

[0021] FIGURE 3 is an exploded view of one embodiment of a filter assembly; 

[0022] FIGURES 4A-C are diagrammatic representations of one embodiment of a main shell 
housing portion; 

[0023] FIGURE 5A-B are diagrammatic representations of one embodiment of a second 
housing portion; 

[0024] FIGURE 6 is a diagrammatic representation of one embodiment of a filter cover; 

[0025] FIGURE 7 is a diagrammatic representation of a cross section of one embodiment of a 
filter cassette; 

[0026] FIGURE 8 is a diagrammatic representation of one embodiment of coupling a filter cover 
to a main shell; 

[0027] FIGURE 9 is a diagrammatic representation of a view of one embodiment of a filter 
cassette; 

[0028] FIGURE 10 is a diagrammatic representation of the hydraulic profiles of one 
embodiment of a filter cassette; 

[0029] FIGURE 11 is a diagrammatic representation of another embodiment of a filter cassette; 
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[0030] FIGURE 12 is a diagrammatic representation of one embodiment of a filter cassette with 
potting; 

[0031] FIGURE 13 is a diagrammatic representation of another embodiment of a filter assembly; 

[0032] FIGURE 14 is a diagrammatic representation of yet another embodiment of a filter assembly; 

[0033] FIGURE 15 is a diagrammatic representation of one embodiment of a filter cassette; 

[0034] FIGURES 16A-16C are a diagrammatic representations of additional views of one 
embodiment of a filter cassette; 

*0035] FIGURE 17 Is a diagrammatic representation of one embodiment of a housing of a filter 
cassette; 

[0036] FIGURE 18 is a diagrammatic representation of portions of a filter housing; 

[0037] FIGURE 19 is a diagrammatic representation of one embodiment of a filter element holder; 

[0038] FIGURE 20 is a diagrammatic representation of another embodiment of a filter cassette; 

[0039] FIGURE 21 is a diagrammatic representation of another embodiment of a filter cassette; 

[0040] FIGURE 22 is a diagrammatic representation of another embodiment of a filter cassette; and 

[0041] FIGURE 23 is a diagrammatic representation of another embodiment of s filter cassette. 

DETAILED DESCRIPTION 

[0042] Filters and filtration systems and the various features and advantageous details thereof are 
explained more fully with reference to the nonllmlting embodiments that are illustrated in the 

. accompanying drawings and detailed in the following description. Descriptions of well- . 
known starting materials, processing techniques, components and equipment are omitted so 
as not to unnecessarily obscure tie invention in detail. It should be understood, however, 
that the detailed description and the specific examples, while indicating preferred 
embodiments, are given by way of illustration only and not by way of {imitation. Various 
substitutions, modifications, additions and/or rearrangements within the spirit and/or scope of 
the underlying concept will become apparent to those skilled in the art from this disclosure. 

[0043] Embodiments described herein relate to filtration systems for the filtration of liquids. In 
particular, embodiments described herein provide filtration systems for filtering 
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semiconductor process fluids including chemicals used in wet etch and cleaning 
applications. For example, embodiments can be applied to filtering chemicals in 
photolithographic processing (photochemicals). Photochemicals include materials such as 

primers, adhesion promoters, photoresists, edge bead removers, anti-reflective coatings, 

developers, dielectrics, and the like. The chemicals can be filtered at the point of use (POU), 

the subfioor or elsewhere. , • 

[0044] According to one embodiment, a filtration system can use one or more non-cylindrical 
removable filter cassettes having inlet ports, outlet ports and vent ports as needed. A main 

assembly provides fluid flow paths for fluid feed into and out of the filter cassette. The fluid 
flow paths of the filtration system can be reconflgurabie so that fiuid can be provided to the 
filter cassettes in different manners (e.g., in parallel, in serial or a combination thereof).- The 
filter cassettes may be installed and removed in manner that reduces or eliminates dripping 
of chemicals using vertical motion or a Sp/tiJf mechanism. 

[0045] According to one embodiment, the filter may engage with the main assembly using O-ring-
less fittings and fitting assemblies as described in United States Patent No. 7,547,049 
entitled "O-Ring-Less Low Profile Fittings and Fitting Assemblies" by Gashgaee et al., issued 
June 16, 2009, which is hereby fully incorporated by reference herein, or other connection 
mechanism. In other embodiments, the filters may use a connection mechanism such that 
ports can connect through rotation such as described in United States Patent No. 6,378,907, 
entitled "Connector Apparatus and System including Connector Apparatus" issued April 30, 

• 2002, United States Patent No. 7,021,667, entitled "Connector Apparatus and System 
including Connector Apparatus" issued April 4, 2006, United States Patent Ho. 7,296,582, 
entitled "Method and System for Purging a Dispensed Fiuid Within a Fluid Dispensing 
System Including a Filter-Free Connector Apparatus," issued November 20, 2007, United 
States Patent No. 7,350,821, entitled "Method and System for Purging a Dispensed Fluid 

with a Fiuid Dispensing System Including A Filter-Free Connector Apparatus," issued Apr!! 1, 
2008, United States Patent No. 7,037,424 entitled "Connector Apparatus and System 
Including Connector Apparatus," issued May 2, 2006, each of which is hereby fully 
incorporated by reference herein, 

[0046] The filter cassettes may be configured to provide norma/ flow filtration (NFF), in which fluid is 
converted directly toward the filter membrane under applied pressure. Particles that are loo 
Jarge to pass through the pores of the membrane accumulate at the membrane surface or in 
the depth of the filtration media, while small molecules pass through membrane pores to the 
downstream side. According to one embodiment, the filter cassettes can be selected to 



remove micron and/or submicron particles (e.g., including particles of 10Onm or less). 
Multiple filters may be applied in series in a single filtration system unit to successively 
remove smaller particles or different types of particles. The finest filter can be placed last in 
series BO that larger particles are filtered out prior to reaching the last filter. This can reduce 

wear on the finest, typically most expensive, filter. 

[0047} In one embodiment, the filter cassettes use non-circular pleated filter elements. For 
example, on© embodiment may include a rectangular pleated filter with a first set of pleat tips 
facing the upstream portion of the filter cavity and a second set of pleat tips facing the 
downstream portion of the filter cavity. The first set of pleat tips may be generally arranged 
in a first-plane and the second set of pleat tips may be generally arranged in a second plane. 
According to one embodiment the filter element may provide a generally planar rectangular 
entrance interface and a generally planar rectangular exit interface. The use of rectangular 
pleat packs can provide significant additional filtration in same footprint as traditional 
semiconductor liquid filters. 

[0048] Figure 1 is a diagrammatic representation of one embodiment of a filter assembly 100 
having a filter housing 105 defining a filter cavity 110 divided into an upstream portion 115 
and downstream portion 120 by a filter element 125 disposed in the filter cavity 110. Filter 
element 125 can be any suitable filter media including, but not limited to pleated filters, depth 
filters, hollow fiber membranes, or other filters. Sn one embodiment, filter element 125 
comprises a rectangular pleat pack. The pleats of the filter can be formed from a single 
membrane or multiple membranes formed from the same or different materials. Additionally, 
polymeric netting materials and other materials may be pleated with the membrane, 

[0049] A filter inlet port 130 is. located upstream of filter element 125 and s filter outlet port 135 is 
located downstream of filter element 125 (from a fluid flow perspective running through the 
filter). Filter vent ports (e.g., filter vent port 140) can be located upstream and/or 
downstream of filter element 125. According to one embodiment, filter inlet port 130 defines 
an upwardly vertical iniet flow path, filter outlet port 135 defines an upwardly vertical outlet 
flow path and filter vent port 140 defines an upwardly vertical vent flow path. Preferably, 
filter vent port 140 is open to the upstream portion 115 of the. filter cavity st the highest point 
possible so that any gas in upstream portion 115 naturally rises to filter vent port 140. 
Similarly, an outlet vent port can be provided that preferably is open to the downstream 
portion 120 of the filter cavity at the highest point possible so that any gas in downstream 
portion 120 naturally rises to vent port 140. If a downstream vent port is not provided, it may 
be preferable to have the outlet port at the highest possible location so that all air on the 
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outlet side is purged at startup and does not reside or collect in the filter. Vent ports can be 

fluidly coupied to valves. 

[0050] The vent ports (or corresponding ports in the manifoid) may be pressure actuated with an 

actuation pressure that is greater than the driving pressure of the fluid. Manual valves can 

aiso be used. For example, the filter or manifold can include valves, such as poppet valves 

or other valves so that gas is ortly vented when it exceeds a particular pressure (e.g., 5psi 

above the expected operating pressure of filter assembly 100) or volume. The ports can 
comprise Ccnnectology connections from Entegris, Inc. of Billerica, MA, SwegeloR fittings or 

other connection capabie of fiuiaic sealing. 

[0051] To efficiently place ports in a footprint, a-pieated area of fiiter element 125 may overlap filter 

inlet port 130, filter outlet port 135 and/or filter vent port(s) 140. However, if the flow of fluid 

entering the filter assembly 100 is sufficient, fiuid flow directly Impacting filter element 125 

may damage it. Accordingly, a flow guide 150 (e.g., a baffle, tubing or other flow directing 
structure) disposed between filter element 125 and the inlet can obstruct flow along the axis 

of the inlet and redirect flow toward upstream sidewali 155. While flow guide 150 is 

illustrated as extending generally perpendicular to the axis of filter inlet port 130, flow guide 

150 may be arranged at other angles. In other embodiments, the flow may be iow enough or 

filter element 125 durable enough to direct flow to upstream sidewail 155 without flow guide 
-150. 

[0052] The interior surfaces of filter cavity 110 can be formed of a material that is more phobic or 

philic relative to the material of fiiter element 125. In one embodiment, filter housing 105 can 

be formed of a material such that sidewail 155 is more philic to gas than filter element 125-
or, put another way, filter eiement 125 can be selected to be more phobic to gas than the 

housing material-to promote affinity of gas to sidewali 155. By way of example, but not 

limitation, the difference in surface energy between the housing material and filter element 

125 can be greater than 10 dynes/cm2. Thus, there may be a surface energy gradient 

between filter element 125 and sidewail 155. Consequently, as fluid washes over sidewali 

155 and fills upstream portion 115, gas in the fluid will be attracted to sidewali 155. The gas 
is therefore more likely to rise to filter vent port 140 rather than pass through filter eiement 

125. A similar phenomenon can occur in downstream portion 120. 

[0053] In operation, filter assembly 100 provides normal flow filtration (NFF). Fiuid enters filter inteJ-

port 130 in a generally upward direction and is directed to an upstream sidewail 155 of the 

filter cavity. As pressure increases in upstream portion 115, the fluid flows through filter 
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element 125 to downstream portion 120. The primary flow path of fluid through filter eiement 
125, in one embodiment, can be generally perpendicular to the flow path through fitter inlet 
port 130. Filter cavity 110 can be configured to promote uniform or near uniform flow 
throughout the device to fully sweep the filter (e.g., to minimize or eliminate dead space) and 
minimize the pressure loss effects. 

[0054] According to one embodiment, filter cavity 110 oan be shaped to maintain the ratio of fluid 
volume to hydraulic diameter (hydraulic diameter is a term known in the art when addressing 
flow in noncircular tubes and channels and is defined by-Dn=4A/P. where A is cross-
sectional area and P is wetted perimeter of the cross section) in upstream portion 115 and/or 
downstream portion 120. in another embodiment, the ratio is not maintained, but hydraulic 
diameter does increase for areas of increased fluid volume. In other embodiments, the 
hydraulic diameter of upstream portion 115 and/or downstream portion 120 remains 
constant. Preferably, the hydraulic diameter of upstream portion 115 proximate to filter inlet 
port 130 is greater than or equal to the hydrauiic diameter of filter inlet port 130, 
Furthermore, upstream portion 115 is preferably shaped so that the hydraulic diameter of 
upstream portion ns decreases away from filter inlet port 130. Similarly, ft is preferable that 
the hydrauiic diameter of downstream portion 120 gradually increases to be equal or greater 
than to the hydraulic; diameter of filter outJet port 135- )n general, the filter housing can be 
.designed so that the filter housing Is not a restricting factor such that fluid flows through the 
filter with iess loss than through the fittings. 

[0055] Figures 2A-2C ar% diagrammatic representations one embodiment of a fitter assembly 
arranged as a non-cylindrical filter cassette. For purposes of explanation, the filter cassette 
has a first end 16$ (referred to as the "front"), a second end (referred to as the "back") 170, a 
top 175, a bottom 180, a first side 185 and a second side 190. In the embodiment 
illustrated, the long axis of the filter assembly is a horizontal axis running from first end 165 
to second end 170. 

[0056] Filter housing 105 may be comprised of multiple housing portions. In Figures 2A-2C, for 
example, housing 105 is formed by a main shell 195, a side cover 200, front end cover 210 
and back end cover 215. The various portions of filter housing 105 may be joined by sonic 
bonding, welding, adhesive, mechanical fasteners or according to any suitable coupling 
scheme. According to one embodiment, a main bonding seam 220 of the filter housing runs 
from the front to the back of filter housing 105 along- the long axis. 
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[0057] Figures 2A-C further illustrate filter inlet port 130 on the bottom of the housing 105, filter 
outietport 135 on top of housing 105 and filter vent port 140 on the top of filter housing 105 
toward the front end 165. According to one embodiment, the various ports can be located as 
far to the front of the filter cassette as possible while still allowing for bonding between the 
components, in other embodiments the ports may be otherwise arranged {e.g., with one or 
more ports near the center or back end of the filter cassette). The centeriines of the 
openings for ports 130 and 135 can be located at the widest portion of the cassette in one 
embodiment From a fluid flow perspective within the cassette, opening for filter inlet port 
13D can be iocated at the lowest point of the filter cavity and the openings for ports 135 and 
140 can be located at the highest point of the filter cavity. 

[0058] With reference to Figures 2B-2C, it is assumed that the shape of the interior cavity roughly 
follows the shape of the exterior of the filter cassette. The shape of the cassette can -be 
selected so that the width andfor height of the upstream and downstream portions of the 
interior cavity decrease away from the respective ports. A section of the upstream portion 
of the interior cavity to the front of filter inlet port 130 (the "front section" of the upstream 
portion (indicate indicated at 225)) may decrease in height and/or width because sidewali 
155 tapers inward and/or the top wall tapers downward and/or the bottom wali tapers upward 
from back fo front in section 225. A section of the upstream portion of the interior eavity to 
the back of the iniet port (the "back section" of the upstream portion (indicated at 230)) may 
also decrease in height and/or width away from filter iniet port 130 because sidewali 155 
tapers inward and/or the top wali tapers downward and/or the bottom wall tapers upward 
from front to bade in back section 230. Consequently, the hydraulic diameter of the 
upstream portion of the filter cavity decreases away from filter inlet.port .130. Similarly, a 
section of the downstream portion of the interior cavity to the front of the outlet port (the, 
"front section" of the downstream portion (indicated at 240)) may decrease in height and/or 
width because downstream sidewail 235 tapers inward and/or the top wail tapers downward 
and/or the bottom wali tapers upward from filter outlet port 135 to the front in section 240. A 
section of the downstream portion of the interior cavity to the back of the inlet port (the "back 
section" of the downstream portion (indicated at 245)) may also decrease in height and/or 
width away from filter outlet port 136 because wall 235 tapers inward and/or the top tapers 
downward and/or the bottom tapers upward from front to back at back section 245. Thus, 
the hydraulic diameter of the downstream portion of the fitter cavity can Increase toward filter 
outlet, port 135. 

[0059] Also illustrated in Figure 2B-2C, filter housing 105 may include optionally Include features to 
aid In bonding or otherwise assembling the filter housing 105. By way of example, but not 
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limitation, filter housing 105 may include features, such as feature 250 extending from the 
top surface and feature 255 extending from the bottom surface to provide additional area for 
capturing the filter cover and "fitter membrane (discussed below). These features may also 
aid in.alignment and act as guide rails for aligning the cassette in a system that receives the 
cassette. Other or alterative alignment features may also be provided for inserting the filter 
assembly into a filtration system. 

Figure 3 is an exploded view of one embodiment of a filter assembly. Main shell 195, side 
cover 200, front end cover 210 and rear end cover 215 form a niter housing with an interior 
cavity in which filter element 125 is disposed. A filter cover 260 is coupled to the housing to 
retain filter element 125 in place when fluid pressure is applied. 

[0061] Filter element 125, in the embodiment of Figure 3, is a rectangular pleat pack in which the 
filter membrane is pleated parallel to the long axis of the filter housing. The pleat pack 
includes a first set of pieat tips 127 that face the upstream portion of the filter cavity and a 
second set of pleat tips 129 that face the downstream portion o'f the filter cavity. The first set 
of pleat tips are generally arranged in an upstream plane and the second set of pleat tips are 
generally arranged in a downstream, plane. The pleat pack forms a generally rectangular 
interface with the upstream portion of the filter cavity and a generally rectangular interface 
with the downstream portion of the filter cavity. 

[0062] Figures 4A-4C are diagrammatic representations of one embodiment of main shell 195. 
Main shell 195 may include a top wall portion 270, a bottom wall portion 275 and a sidewail 
155 running from a first end of main shell 195 to a second end of main shell 195. According 
to one embodiment top wall portion 270 and bottom wall portion 275 both run the length of 
sidewail 155. Bottom wall portion 275 extends further than top wali portion 270 as measured 
along an axis perpendicular to sidewali 155 (e.g., with reference to Figure 2A, bottom wall 
portion 275 extends further from first side 1B5 toward second side 190 than top wall portion 
270) (though the bottom wali portion 275 and top wall portion 270 may extend at angles 
other than perpendicular to sidewali 155). 

[0063] Top wall portion 270 and bottom wall portion 275 may slope relative to multiple axes. For 
example, top wall portion 270 may be angled relative to two axes: downward from filter vent 
port 140 to the back end of main shell 195 and upward from sidewal! 155 to edge 277. 
Bottom wall portion 275 may slope upward from filter inlet port 130 to the back end such that 
the height of the main shell 195 is greater at filter vent port 140 than at the back end. 
Bottom wall portion 275 may also slope downward from sidewail 155 to edge 279. 
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[0064] Main shell 195 may include a number of ribs, in the example Illustrated, main shell 195 
includes end ribs 2$0i and 2802, bottom ribs 290i-290n, top ribs 265r295n and intermediate 
ribs 300t-300n. Each rib may include one or more of a bottom offset portion, a sidewali 
offset portion and a top offset portion. Ribs 290, for example, may be generally L 

shaped with a bottom offset portion 305 extending a first height from bottom wall portion 275 
and a sidewali offset portion 310 along sidewali 155 extending a second height greater than 
the first height. In one embodiment, the bottom offset portion 305 extends across the bottom 
of the interior cavity tram wall 155 a first distance perpendicular (or at another angle) to the 
length of the interior cavity and the sidewali offset portion 310 extends from sidewail 155 into 
the interior cavity a distance that is less than that of bottom offset portion 305, Bottom offset 
portion 305 may act as a membrane standoff from the bottom surface of the interior cavity 
and sidewali offset portion 310 may as a pleat standoff from sidewail 155. Sidewali offset 
portion 310 may be tapered such that the distance sidewali offset portion 310 extends away 
from sidewali 155 decreases toward the top, thereby reducing the area of the upstream 
portion of the interior cavity from bottom to top. 

[0065} Top ribs 295 may also be generally I shaped with a top offset portion 315 extending a first 
depth from top wall portion 270 and a sidewail offset portion 320 proximate to sidewail 155 
extending a second depth, greater than the first depth. In one embodiment, top offset 
portion 315 extends from sidewali 155 across the top of the interior cavity a first distance 
perpendicular (or at another angle) to the length of the interior cavity and sidewail offset 
portion 320 extends from sidewail 155 into the interior cavity a distance that is less than that 
of the top offset portion 315. Top offset portion 315 may act as a membrane standoff from 
the top surface of the Interior cavity and sidewail offset portion 320 may act as a pleat 
standoff from sidewali 155. Sidewail offset portion 320 may be tapered such that the 
distance sidewali offset portion 320 extends away from sidewali 155 decreases toward the 
top. • 

[0056] According to one embodiment, the height of bottom ribs 290 is selected so thai the upper 
edges of bottom offset portions 305 are level with each other when the filter cassette is 
Installed. The top ends sidewali offset portions 310 of alternating bottom ribs may also level 
with each other when the filter cassette is in & fully installed position (e.g., with filter iniet port 
130 aligned vertically). For example, the upper edges of bottom offset portions 305 of ribs 
290 lie in a first plane, the upper edges of sidewali offset portions 310 of a first set of 
alternating bottom ribs 290 lie in a second plane and the upper edges of sidewali offset 
portions 310 of a second set of alternating bottom ribs 290 lie in a third plane. Thus, when 
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the filter Is installed, the tops of the bottom offset portions 305 of each rib 290i through 290r 

win be at the same fluid level, the tops of the sidewail offset portions 310 of the first set of 
alternating bottom ribs 290 (e.g., ribs 2902, 2904, etc.) will be at the seme fluid level as each 
other and the tops of the sidewail offset portions 310 of a second set of bottom ribs (e.g., ribs 
290a, 2905, etc.) will be at the same fiuid level as each other. 

[0067] Similarly, the lower edges of top offset portions 315 of alternating top ribs 295 can be level 
with each other and the lower edges of sidewali offset portions 320 of alternating top ribs 
295 may also be level with each other when the filter cassette is Installed. For example, the 
lower edge of top offset portions 315 of ribs 295 may lie in a fourth plane, the lower edges of 
sidewali offset portions 320 of a first set of top ribs 295 may lie in a fifth plane and the lower 
edges of sidewali offset portions 320 of a second set of alternating top ribs may lie in a sixth 
plane. The first, second, third, fourth, fifth and sixth planes can be parallel horizontal planes 
when the filter cassette is in s full Installed, operating position (e.g., with the filter inlet port 
130 aligned vertically), in other embodiments the ribs may be otherwise spaced and/or 
aligned in various planes to provide filter support and housing strength and to minimize • 
flow/pressure loss. 

[0068] Main shell 195 may further comprise a set of intermediate ribs 300t-300r> aligned with 
alternating top and bottom ribs and projecting inward from sidewail 155 to provide sidewail 
offsets. The distance that intermediate ribs 300 project inward may decrease along the rib 
from bottom to top. Alternating top ribs 295 and bottom ribs 290 may be vertically aligned 
with intermediate ribs 300. According to one embodiment, the length of an intermediate rib 
300 is selected so that the top end of the intermediate rib overlaps sidewali offset portions 
320 of adjacent alternating top ribs 295 and the lower end of the intermediate rib overlaps 
sidewail offset portion 310 of adjacent alternating bottom ribs 290. For example, the top end 
of rib 3G0i overlaps sidewali offset portions 320 of ribs 295i and 2953 and the lower end of 
rib 30Q1 overlaps the tops of sidewali offset portions 310 of bottom ribs 290i and 290s. In 
other words, the vertical length of the intermediate rib, in one embodiment, is greater than 
the vertical distance between the second and fifth planes illustrated in Figure 4B. 

[0069] The spaces between adjacent ribs form flow channels in cooperation with the bottom of the 
filter element (or flow guide 150 (not shown}). For example, the area between adjacent ribs 

. 290i and 2902 forms flow channel 3252 open to the filter Iniet. When the filter eiement is in 
place and fluid is introduced Into the filter cavity, the fluid will follow the flow channels. Sn the 
example shown, fluid will fill flow channel 3252 along the bottom of the interior cavity and 
then follow flow channel 325s up sidewail 155 until it overtops rib 2902, at which point the 
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fluid wilf flow into adjacent channel 3253. Fluid will continue to fill channels 3252 and 325s 

until the fluid overtops ribs 2901 and 290g to begin to fill flow channels 325i and 325^. This 
process can continue until fluid fills channel 325n. The rib configuration helps ensure that 
fluid weaves along sidewail 155 increasing the likelihood that gas bubbles will be attracted to 
sidewail 155 and flow upwards. Furthermore, the rib configuration helps distribute fluid 
along the length of sidewail 155 to promote even wetting of the filter element. 

[O07D] Figure 4B further illustrates that top portion 270 and bottom portion 275 may taper toward 
each other away from filter inlet port 130. Figure 4C further illustrates that, main shell 195 
can be shaped so that the filter cassette, or at least the upstream portion of the filter cavity, 
Is widest at the centerline of filter vent port 140 and tapers inward toward the front end 
and/or back end. in the embodiment illustrated, the taper begins Immediately at filter inlet 
port 130. Thus, the hydraulic diameter of the filter cavity can decreases away from filter Net 
port 130. helping reduce or eliminate dead space. Furthermore, filter vent port 140, in the 
embodiment shown, filter vent port 140 is open to the highest point in the filter cavity. • Other 
embodiments may include un-tapered portions and tapered portions. 

[0071] Figure 5A and 5B are diagrammatic representations of one embodiment of side cover 200. 
Side oover 200 may include joining edges 327 and 329 running the length of side cover 200 
that may be joined to edges 277 and 279 of main shell 195 (see Figure 4A) to create a seam 
parallel to the filter pieat folds. Side cover 200 may include a top wall portion 335, a bottom 
wall portion 340 and a sidewali 235, Side cover 200 may be shaped so that the widest 
portion of the cassette, or at least the widest portion of the downstream portion of the interior 
cavity, is coincident with the centeriine of filter outlet port 135. Furthermore, side cover 200 
may be shaped so thai the area of the front section of the downstream portion of the interior 
cavity decreases from outlet port forward and/or the area of the back section of the 
downstream portion of the interior cavity decreases from filter outlet port 135 back. For 
example, top wall portion 335 may taper downward from filter outlet port 135 back. Top wall 
portion 335 may also taper downward from filter outlet port 13$ forward. Similarly, bottom 
wall portion 340 may slope upward from filter outlet port 135 back and from filter outlet port 
135 forward. Sidewalt 235 may also taper Inward from filter outlef port 135 back and fitter 
outlet port 135 forward. 

[0072] in the embodiment of Figure 5A, side coyer 200 is shaped so that top wall portion 335 
slopes downward from filter outlet port 136 back and bottom wall portion 340 tapers upward 
from filter outlet port 135 back. Sidewali 235 is shaped so that the outer top edge 350 of 
sidewail 235 tapers inward along a curve from filter outlet port 135 back, The outer bottom 
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edge 355 of sidewali 235, however, does not taper inwards, or tapers inward iess than top 
edge 327, giving sidewail 235 a "twisted" profile. According to on© embodiment, the twist 
can be selected to create a linear or other desired change in cross-sectional area or 

hydraulic diameter from filter outlet port 135 to the end of the filter cassette. The reduced or 

lack of taper at bottom edge 329 is provided to maintain material proximate to the joining 

• seam between edge 329 and edge 279 (see Figurs 4A). The shape also provides a key to 

heip ensure that the filter cassette can only be inserted into a filtration system In the proper 
orientation, in other embodiments, however, other sidewail shapes may be used. 

[0073] • Figure 5B illustrates another view of one embodiment of side cover 200. The arrows of 

Figure 5B illustrate that fiuid generally flows to filter outlet port 135. According to one 

embodiment, side cover 200 is shaped to promote more uniform flow rate in the downstream 
portion of the filter cavity. Side cover 200 may include ribs or other features to help direct 
flow to the filter outlet port 135. 

[0074] Figure 5 is a diagrammatic representation of one embodiment of filter cover 260. Filter cover 

260 can be configured to maintain a filter element In place while allowing flow. According to 
one embodiment filter cover 280 can comprise an outer frame having an upper member 
360, a iower member 365, a front end member 370 and a back end member 375 spanning 
between upper member 360 and lower member 365. Upper member 360 and iower member 
365 may Include features to allow coupling of filter cover 260 to the remainder of the filter 
cassette. As discussed below, for example, filter cover 260 may include a tongue and • 

groove feature for snap fit connection to the main shelf. Filter cover 260 may be configured 
so that a first side of the upper member 360 contains a contact surface to contact the tips of 
top ribs 295 and lower member 365 includes a contact surface to contact the tips of bottom 
ribs 290. 

[0075] Filter cover 260 may also include intermediate spaced members 380 spanning between 
upper member 350 and lower member 365, A support member 385 may provide additional 

support for spaced members 380. Preferably, the Intermediate members 380 or other 
retaining structure is sufficiently strong to hold the filter element against ribs of the main 
shell. The side cover may also include ribs to contact intermediate members 380 to provide 
additional support, intermediate members 380 may be angled up and to the front, to allow 

such ribs on the side cover to act as flow directing devices to direct flow entering the 
downstream portion of the interior cavity to the filter outlet port. In other embodiments, filter 
cover 260 may include mesh or other structural elements to maintain the filter element while 
allowing flow. 
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[0076] Figure 7 is a diagrammatic representation of one embodiment of a filter assembly with main 
shell 195, filter element 125 and filter cover 260. The bottom offsets, sidewail offsets and 
top offsets hold the fitter element off of the bottom, upstream and top of the filter cavity 
respectively. Filter cover 260 runs from a first end of the filter cavity to a second end of the 
filter cavity and may be angled toward sidewali 155.' Filter cover 260 holds filter eiement 125 
in place when pressure is applied upstream of filter element 125. 

[0077] According to one embodiment filter cover 260 and main shell 185 may cooperate to provide 
a shifted parallelogram filter element holding area., Filter cover 260 may be angled toward 
the upstream sidewail 155 from bottom to top and the sidewail offsets provided by the ribs 
projecting inward from the upstream sidewail 155 may be tapered toward the sidewail from 
bottom to top. The angie of filter cover 260 can match the taper angle of the ribs. Filter 
cover 260 can push filter element 125 against .the ribs with the first (upstream) set of pleat 
tips abutting the ribs, On the upstream side, ribs allow filter element 125 to be held in 
without the need for an additional filter element holder/cage, in this configuration, a 
rectangular pieat pack will become a shifted rectangle with the pieat tips on the upstream 
side- of fitter element 125 generally arranged in a first plane defined by the ribs and the pleat 
tips on the downstream side of the filter element generally arranged in a second plane 
defined by filter cover 260. The shifted parallelogram {e.g., rhombus or rhomboid) filter 
element holding area provides several benefits. First, shifting the pleat pack allows room to 
place the filter outlet port without taking up too much horizontal room. Second, the pieat 
pack acts as part of the structure to reduce hydraulic diameter (linearly or otherwise). 

[0078] According to one embodiment, the bottom offset portion 305 of the ribs may have a tapered 
tip portion 400 that is angled away from filter cover 260 from top to bottom to create a drain 
channel 405. Drain channel 405 can cross connect the flow channels between bottom ribs 
290 (illustrated in Figure 4B). When fluid is introduced to filter iniet port 130, it may flow from 
filter inlet port 130 to adjacent flow channels through the drain channel 405 in addition to 
along flow channel 3252 (Figure 4B) as discussed above. Preferably, the hydraulic diameter 
of filter Inlet port 130 is less than or equal to sum of the hydraulic diameters of channel 325s 
at filter inlet port 130 and the drain channel 405 (in both directions). 

[0079] According to one embodiment, the opening to filter inlet port 130 overlaps drain channel 405 
(see Figure 4A). When pressure is removed from filter inlet port 130, fluid remaining in in the 
cassette can flow to drain channel 405 because the bottom surface of the upstream portion 
of the interior cavity may be sloped downward toward drain channel 405 (e.g., from sidewali 
155 to drain channel 405). Fluid in drain channel 405 may flow to filter inlet port 1 SO 
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because the bottom surface of the interior cavity is sloped tov^ard filter inlet port 130 (e.g., as 
discussed above in conjunction with Figures 4A and 4B). 

[0080] Similarly, the top offset portions 315 may contain a tip portion 408 that is angled away from 
filter cover 260 from bottom to top to form a vent channel 410. Vent channel 410 can cross 
connect the flow channels between upper ribs 295 (illustrated in Figure 4B). Preferably, the ' 

opening to filter vent port 140 overlaps vent channel 410.' When the filter cassette is under 
pressure, gas can flow to vent channel 410 because the upper surface of the upstream 
portion of the interior cavity can be sloped upward toward vent channel 410. Gas can then 
flow up vent channel 410 to filter vent port 140 because vent channel 410 is sloped toward 
filter vent port 140 (e.g., as discussed above in conjunction with Figures 4A and 4B, the 
upper surface may be sloped upward toward filter vent port 140). 

{0081] Filter covsr 260 may be coupled to main shell 195 using a snap-fit, interference fit, sonic 
bonding or according to any suitable coupling mechanism. According to one embodiment, 
main shell 195 may include lower and upper coupling portions 420 and 425 to coupie filter 
cover 260 to main shell 195. Coupling portion 42D defines a groove 430 and tongue 435 
running the iength of main eheil 195. Coupling portion 425 includes a groove 440 and 
tongue 445 running the length of main shell 195. Filter cover 260 includes corresponding 
lower tongue 455 and groove 460 and upper tongue 465 and groove 470. Groove' 430 
captures tongue 455 and groove 460 captures tongue 435. Similarly, groove 440 captures 
tongue 465 and groove 470 captures tongue 445. in operation, filter cover 260 can be 
secured using a snap-fit, with upper and lower coupling portions spreading apart slightly to 
allow tongues 455 and 465 to pass tongues 435 and 445 respectively and seat in grooves 
430 and 440. The resilience of the main shell 195 material can cause the coupling portions 
420 and 425 to snap back to a position in which filter cover 260 is captured. According to 
one embodiment, the snap oan be sufficient to provide haptic or auditory feedback that filter 
cover 260 is secure. 

[0082] As illustrated in Figure 7, filter cover 260 can be installed so that the rib tips would otherwise 
contact or be very close to the contact surfaces so that a portion of the filter membrane may 
be captured between the rib tips .and the contact surfaces of filter cover 260. According to 
one embodiment, the top and bottom membrane flaps of filter eiement 125 may extend a 
sufficient distance so that they pass between the tips 400/408 of th& ribs and filter cover 260 
to be captured between coupling portions 420 and 425 and filter cover 260. Figure 8, for 
example, is a diagrammatic representation of one embodiment of a portion of main shell 
195 connected to filter cover 260 illustrating lower membrane flap 490 captured between 
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coupling portion 420 and fiiter covsr 260. Capturing a portion of filter element 125 helps 
retain filter element 125 for later assembly steps. Along with potting, sonic bonding or other 
coupling operation can be performed to further bond fitter cover 260 to main shell 195 and/or 
the membrane to main shell 195 and filter cover 260, sealing the upstream portion from the 
downstream portion other than through the membrane. 

[0083] Figure 9 is a diagrammatic representation of one embodiment of a filter assembly with main 
shell 195 coupled to side cover 200 at main bonding seams 220 running parallel to the long 
access of the fitter cassette. Main shell 195 and side cover 200 form s cavity in which fiiter 
element 125 is disposed, separating the cavity into upstream portion 115 and downstream 
portion 120. Figure 10 illustrates a cross-sectional view of the fiiter assembly of Figure 9, 
further illustrating the hydraulic profile at the back of the downstream portion of the interior 
cavity (indicated at 496) and at filter outlet port 135 (indicated as the combination of 495 and 
497). ft can also be noted that the hydraulic profile increases from bottom to top of the 
downstream portion of the interior cavity. 

[0084J According to one embodiment, side cover 200 is shaped so that the hydraulic profile 
increases approximately linearly from the back of the downstream portion of the cavity to 
filter outlet port 135 and from bottom to top. Preferably, the hydraulic profile goes to zero at 
the. back of the interior cavity, in other embodiments, however, the hydraulic profile may be 
greater than zero at the end of the operational filter membrane. According to one 
embodiment, the hydraulic diameter of fiiter outlet port 135 can be approximately equal to 
the hydraulic diameter of the downstream portion of the interior cavity proximate to filter 
outlet port 135. In other embodiments, the hydraulic diameter of filter outlet port 135 may be 
greater than or less than the hydraulic diameter of the downstream portion of the interior 
cavity proximate to the port 

[0085] Figure 11 is a diagrammatic representation of another embodiment of a filter assembly 
similar to that of Figure 7. In the embodiment of Figure 11, the filter element is not shown to 
better illustrate one embodiment of a shifted-paraiielogram filter element holding ares 500. 
Additionally, in Figure 11f bottom rib 290, top rib 295 and intermediate rib 300 are illustrated, 
showing the sidewali offset portions of the ribs tapered to match the angle of fiiter cover 260. 
Figure 11 further illustrates that embodiments of filter assemblies may include a fiow guide 
150 to prevent flow entering filter inlet port 130 from directly impacting th© filter membrane. 

[0086] With reference to Figures 1 -11, all materials that come in contact with the process fluid can 
be selected to be non-reactive with the process ffufcf and to minimize contamination. 
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Embodiments of the housing can be made from a variety of materials including but not 
limited to oleophilic resins, perfiuorlnated resin, (such as, but not limited to, 
pofyteiiafluoroethyiene (PTFE), fiuorinsted ethylene propylene (FEP), perfiuoraaikoxy 
polymer (PFA), polyvinylidene fluoride (PVDF), poiyimide, poiyetherimide, polycarbonate, 
polyether ether ketone (PEEK), polyethylene (PE), polypropylene (PP), metals or other 

• materials. In one embodiment the components of the filter assembly can be formed of 
multiple layers. The outer portion of the main shell and side cover can comprise a relatively 

inexpensive polymer white the inner iayer can comprise a more expensive polymer that is 
less likely to react with or contaminate the process fiuid. in one example, the main shell 185 
and side cover 200 may comprise an outer shell formed of polypropylene or other material 
that can withstand the temperature and pressure requirement. inside, an inner layer of 
typically more expensive, more chemically resistant, higher purity material can be 
therrnoformed and attached to the edges of main shell 195 and side cover 200. Examples of 
such materials include but are not limited to PFA, FEP or other polymer. The entire wetted 
surface of the filter can be the more chemically resistant, higher purity pofymer. In another 
embodiment, an inner layer of desired material can be over molded over the Inside of the 
outer shell. Filter cover 260, on the other hand, can have a core of relatively inexpensive 
material and an outer coating or iayer of more expensive, but less reactive material 

[0087} A filter cassette using a pieat pack fiiter eiement 125 can be assembled according to the 
following steps. A filter membrane can be inserted into main shell 195 with the ends of the 
last flaps of the pieat sitting aiong the coupling portions 420 and 425. Filter cover 260 can 
be snap fit Into place. This step locks the membrane in position with the tongue-and-groove 
fit between the outlet cover and the shelf. Unlike a typical cylindrical style cartridge device, 
there is no need to wrap a pleat pack to sea! the two long membrane edges together before 
assembling into a device. Side cover 200 can then be bonded to main shell 195 using any 
suitable bonding scheme including, but not limited to, sonic bonding, welding, adhesives, 
thermal contact or nan- contact bonding operations. According to one embodiment, bonding 
the housing and sealing the membrane edges can happen in a single bonding operation. 
Side cover 200 may aiso be coupled to main shell 195 using mechanical fasteners. If 
required, a gasket can be disposed between side cover 200 and main shell 195. 

[0088] The ends of the pleat pack can be potted in a polymer or resin, According to one 
embodiment, a desired length of each end of the assembly can be dipped in the desired 
potting material, such as a laminate, polymer, resin, adhesive or other potting materia! to 
seal the ends of the interior chamber and pleat pack. Preferably the potting material is a 
thermoplastic. By way of example, but not limitation, the front and back 0.125 inches to 0.5 
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inches of the pleat pack can be sealed with potting material. The potting material can seal 
the ends of the pieat pack and interior cavity, separating upstream portion 115 and 
downstream portion 120 of the filter assembly, and prevent hold up volume. In other 

. embodiments, the ends of the pieat pack can be sealed with a potting material prior to 

insertion In main shell 195, however doing so may result in some dead space between the 

potting and the ends of the filter cassette, The front and back end covers 210/215 can be 
coupled to the main body of the filter cassette using the potting materia!, sonic bonding, 

' welding, adhesives, contact or non-contact bonding operations, mechanical fasteners or 

otherwise. Figure 12, for example, is a diagrammatic representation of one embodiment of a 

fiiter assembly showing a pleat pack in place and sealed with potting material 590. 

[0089] • Figure 13 is a diagrammatic representation of another embodiment of a filter assembly 600 

having a filter housing 602 defining a filter cavity 603 divided Into an upstream portion 604 
and downstream portion 606 by e filter element 810 disposed In the filter cavity 603. Filter 

element 610 can be any suitable filter media including, but not limited to pleated filters, depth 
filters, hollow fiber membranes, or other filters. In yet another embodiment, filter element 
610 can Include a polymer filtration material sandwiched between multiple membranes, in 
one embodiment filter element 610 comprises a rectangular pleat pack. A filter inlet port 
©12 is located upstream of filter eiement 610 and a filter outlet port 614 is located 

downstream of filter element 610 (from a fluid flow perspective running through the filter). 

Filter vent ports {e.g.. filter vent ports 615 and 616) can be located upstream and/or 
• downstream of fiiter element 610. Vent ports 615 and 616 may also optionally be-connected 

to valves. 

[0090] According to one embodiment, filter inlet port 612 is located at the top of filter assembly 600 

and defines an downward vertical inlet flow path, filter outlet port 614 is located on top of 

filter assembly 600 and defines an upwardly vertical outlet fiow path and filter vent port 516 

defines an upwardly vertical vent flow path. Preferably, filter vent port 6T5 is open to the' 

upstream portion 604 of the filter cavity at the highest point possible so that any gas in 
upstream portion 604 naturally rises to filter vent part 615. Similarly, an outlet vent port 616 

can be provided that preferably is open to the downstream portion 606 of the filter cavity at 

.the highest point possible so that any gas in downstream portion 606 naturally rises to vent 
port, Filter inlet port 612 may include an inlet valve 618 to seal filter Inlet port 612, 

[0091]' To efficiently place ports in a footprint, filter element 610 may overlap filter inlet port 612, 
filter outlet port 614 and/or filter vent port(s) 615/616. if the fiow of fluid entering filter 

assembly 600 is sufficient, fluid flow directly impacting filter element 610 may damage it 
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Accordingly, a flow guide 620 (e.g., a baffle, tubing or other flow directing structure) disposed 
between filter element 610 and the inlet can obstruct flow along the axis of the inlet and 

redirect flow toward upstream sidewali 622. As discussed above, the walls can be selected 
to be more phiiic to gas than filter element 610 to promote affinity of gas to wall 622. While 
flow guide 620 is Illustrated as extending generally perpendicular to the axis of filter inlet port 
612, flow guide 620 may be arranged at other angles, in other embodiments, filter element 
610. may provide sufficient resistance to direct flow to upstream sidewali 622. 

[0092] Figure 14 is a diagrammatic representation of another embodiment of a filter assembly 600 
similar to'that of Figure 16, but illustrating an outlet valve 624 to seal filter outiet port 614 and 
a second flow guide 626 that ensures fiuid flows along sidewail 628 before exiting 
downstream portion 606. According to one embodiment, inlet valve 618 and outlet vaive 624 
can seal when filter assembly 600 is removed from a manifold, when fiuid pressure of fluid 

• flowing into fiiter assembly 600 drops below a threshold amount or some other condition is 
met. In one embodiment, inlet valve 618 and outlet vaive 624 can be poppet valves. The 
vent parts (or corresponding ports frc the manifold) may be pressure actuated with an 
actuation pressure that is greater than the driving pressure of the fiuid. For example, the 
filter or manifold can include valves, such as poppet valves or other valves so that gas is • 
only vented when it exceeds a particular pressure (e.g., 5psi above the expected operating 
pressure of fiiter assembly 600), The ports can cornpnse Connectology ® connections from 
.Entegris, inc. of Bilierica, MA, Swageiok fittings or other connection capable of fiuidic 
seaiing. While Figure 14 illustrates the inlet and outlet valves integrated as part of the filter 
assembly, in other embodiments, the valves may be part of the manifold to which the filter 
connects or may be placed eisewhere, if present at all. 

[0093] According to one embodiment, filter assembly BOO can be arranged as a fiiter cassette. 
Figure 15 is a diagrammatic representation one embodiment of a crass section of a filter 
cassette that includes a filter eiement 610 arranged in a filter holder 630 disposed in filter 
housing 602. Filter housing 602 comprises a main body having symmetrica] portions 632 
and 634 that couple together at joining seams 635 to partially define the filter cavity. Filter 
element 610 divides the filter cavity into upstream portion 604 and downstream portion 606, 

[0094] Filter inlet and outiet port members 636 and 642 are' coupled to the housing 602 and provide 
ports open to the filter cavity. The filter port members 636 and 642 can accommodate 
valves, such as poppet valves or other valves. According to one embodiment.inlet port 
member 636 comprises a male fitting 637 for 'mist port 612, a male fitting 638 for inlet vent 
port 616 and s fluid retaining wall 639 extending from a base 640, the fluid retaining wail 639 
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encircling fittings 637 and 638. Fittings 537 and 638 are received by complementary female 
ports on a manffoid to create a sealed connection. Retaining wall 639 surrounds the fittings 
fo create, in cooperation with base 640, a drip cup which can catch drips when the filter 
cassette is removed from the manifold. The base 640 of port member 636 slopes upward 
from fitting 637 to fitting 638 to create a gas accumulation region 641 open to the highest 
point of upstream portion 604. Inlet vent port 815 is open to the gas accumulation region. 

{0095] in the embodiment of Figure 15, filter outlet port member 842 similarly includes a male' 
643 for outlet port 614 and e wali 644 extending from a base 645 to form a drip cup about 
port 614. In this example, there is no vent port on filter outlet port member 642, though in 
other embodiments there can be. In some embodiments, a single port may act as the filter 
outlet port and outiet side fiiter vent port. In such a case, it may be preferable that the outiet 
port 614 be open to the highest area In fiuid communication with downstream portion 606 so 
that gas rises to the fiiter outlet port 614. 

|0Q96] Inlet port member 636 in cooperation with the main body of the cassette forms an inlet 
region 646 of upstream portion 604 open to iniet port 612, but separated by filtration or 
purification media from downstream portion 606, According to one embodiment, inlet region 
646 is at least partially defined by a surface 646 extending perpendicufar to the primary axis 
of inlet port 612 (e.g., across the flow path of fluid entering through iniet port 612). to redirect 
flow horizontally. An upper surface 650 of filter holder 630 acts in cooperation with surface 
648 to form a flow guide (e.g., a baffle) that directs flow to wail 622. 

[0097] in operation, fluid enters the filter cassette through inlet port 612 in a first direction (e.g., 
vertically) and is redirected in a second direction to wail 622 by surfaces 648 and 650. Fiuid 
can flow into the space between filter eiement 610 and wall 622 through a gap between filter 
holder 630 and wall 622. The fluid will pass through fiiter element 610 and leave the filter 
cassette via outlet port 614. Thus, the filter cassette provides NFF. Gas attracted to wall 
622 rises to gas accumulation region 641 from upstream portion 604 and leaves through 

side vent port 615. 

[0098] . Figures 16A-16C are diagrammatic representations of exterior views of one embodiment of a 
filter cassette showing various features discussed above. According to one embodiment, the 
filter cassette can be generally rectangular with a top wall 652, bottom wall 654, end walls 
656 and 658, sidewail 622 and sidewail 628 formed from'main body portions 632 and 634. 
Embodiments of the main body can be made from a variety of materials including but not 
limited to oleophilic resins, perfluorinated resin, (such as, but not limited to, 
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poiytetrafiuoroethyien© (PTFE), fluorinated ethylene propylene (FEP), perfluoroalkoxy 
polymer (PFA)), polyvinylidene fluoride (PVDF), polyimide, polyetherlmide, polycarbonate, 
polypropropiyn (PE), polyethylene (PE), polyether ether ketone (PEEK), metais or other 

materials, in one embodiment, the main body can be formed of multiple iayers. The outer 

shell can comprise a relatively inexpensive polymer while the inner layer can comprise a 

more expensive polymer that is less likeiy to react with or contaminate the process fiuid. 

According to one embodiment, the main body may comprise an outer shell can be formed of 
polypropylene or other material that can withstand the temperature and pressure 

requirement. Inside the outer shell, an inner iayer of typically more expensive, more 

chemically resistant, higher purity material can be thermoformed and attached to the edges 

of the outer shell. Examples of such materials include but are not iimited to PFA, FEP or 
other polymer. The entire wetted surface of the filter can be the more chemically resistant, 
higher purity polymer, in another embodiment, an inner layer of desired material can be 
over molded over the inside of the outer shell. 

[00991 The thicknesses of the various walls can be selected with the understanding that the filter 

cassette may act as a pressure vessel. In typical prior art systems, a filter must have walis 
sufficient to withstand the expected operating pressures of the filter. That is, the filter must 
have sldewalls that are sufficiently thick to keep deflection within an acceptable range (e.g., 
generally less than 10%, less than 5%, less than 1% at 100psi). The filter cassette, on the 
other hand, can have relatively thin sidewalls. The sidewalls can have a thickness that 

would allow the sidewalls to deflect greater than an acceptable amount, say greater than 
30%, during expected operating pressures. As discussed below, the filter bay can provides 
additional support to keep deflection within the acceptable range. End walls 656 and 658 
can be the same thickness as sidewalls 622 and 628 or a different thickness. According to 
one embodiment, end wails 656 and 658 can include hbs 664 and 665 to minimize 

deflection. Top wali 852 and bottom wail 654 may have a similar thickness to sidewalls 622 

and 628, may be thicker to minimize deflection or may be thinner. 

[00100] Each of main body portions 632 and 634 can each Include a continuous rib of material (ribs 
667 and 668, respectively) extending outwardly from the respective walls. According to one 
embodiment, the ribs 667 and 668 extend outwardly at the edge of the respective main body 

portion to create a larger usable bonding area for joining the main body portions. 

[00101] The filter cassette can include a guide member 560 to help guide the filter cassette into a 
filter bay. In the example of Figures 16A-C, guide member 660 includes a set of laterally 
extending guide flanges 661 and 663 extending from ribs 667 and 668 respectively to form a 



raii that can be received in a corresponding track of a filter bay assembly. In other 
embodiments, a filter cassette can include multiple rails or other guide members all together. 

[00102] Figures 16A-16C also Illustrate that one embodiment of a filter cartridge can include 
symmetric ports. Having symmetric ports and symmetric methods of construction provides a 
greater degree of flexibility than traditional filters. By way of example, but not limitation, the 
cassettes can be back flushed, filtration processes can be run in reverse direction, vacuum 
can be applied to either side of the cartridge allowing for pervaporatlon sequences. 
Asymmetric cartridges, on the other hand, limit the ability to optimize flow Irs either direction. 

[00103] Figure 17 Is a diagrammatic representation of one embodiment of the main body of filter 
cassette showing various features discussed above. As illustrated, in Figure 17, ribs 667 

and 668 turn inward from edges of main body portions 632 and 634 for a first portion of the 
length of the main body and a second portion of the length of the main body to form the 
sfcfewairs of an inlet bowl 670 and outiet bowl 672. According it- on© amoooimBnt, main 
body portion 634 includes surface 648, which may be a portion of top wall 652, extending 
across the portion of the bottom of inlet bowl 670 formed by main body portion 634. The 
other side of inlet bowl 670 may be open to the filter cavity. That is, main body portion 632 
may be open within the portion of the inlet bowl formed by main body portion 632. Thus, 
inlet bowl 670 may be open to the upstream portion of the filter cavity but not the 
downstream portion. Similarly, main body portion 632 includes surface 674, which may be 
a portion of top wall 652, extending across the bottom of the portion of outlet bowl 672 
formed by main body portion 632. Outlet bowl 672 may be open to the downstream portion 
of the filter cavity but not the upstream portion of fie fiiter cavity. That is, main body portion 
634 may be open within tine portion of the outlet bowl formed by main body portion 634. 
According to one embodiment, the port members 536, 642 (see Figure 16B) may be bonded 
to the top edges of the inlet bowl and outiet bowl sidewalls using ultrasonic bonding, 

.adhesives or other type of bonding with the .filter inlet port aligned with surface 648 and the 
fiiter outlet port may be aligned with surface 674. 

fOOt04] in many previous filters, the port connections are manufactured as part of the main housing. 
Consequently, different tooling is needed to manufacture the filter housing for each 
connection type and size. The embodiment of Figure 17 provides the advantage that the 
symmetric main body of the filter cassette, with the'filter element installed, can be assembled 
without the inlet and outlet ports attached. Appropriate sized ports can then be added as 
needed. In such a system, a single tool can be used to manufacture the main body of the 



fiiter housing for a variety of port types, A specific tool is only required for the specific types 
of port members, not the filter housing with ports as s whole. 

[00105] Figure 16 illustrates one embodiment of symmetric main body portions 632 and 634 of the 
main body of the cassette. As can be seen In Figure 18, portion 632 can be identical fo 
portion 634 such that the two halves of a fitter cassette main body can be manufactured 
'using a single tool, in this embodiment, the portion of top waii 652 defined by main body 
portion 632 is continuous in the perimeter of the outiet bow! 672 {illustrated by surface 674-), 
but is open within the perimeter of inlet bow! 670 (illustrated at 676). Similarly, in this 
embodiment, the portion of top wail 652 defined by main body portion 634 is continuous in 
the perimeter of the inlet bowl 670 sidewalls (illustrated by surface 648) and open within the 
perimeter of the outiet bowl 672 sidewalls (illustrated at 676). 

£•0106] Figure 19 is a diagrammatic representation of one embodiment of a filter holder 630. Fiiter 
hoider 630 can include end waiis 660 and 682 with a top wall 684 and bottom wail 6S5 
extending between the end portions in a spaced relationship to define a filter element 
Holding area 686 open on both sides. In the embodiment of Figure 19, the end walls 680 
and 682 can be the same width as the fiiter cavity and the length of filter hoider 630 can be 
the same as the length of the fiiter cavity so that filter holder 630 fits snuggiy. in the filter 
cav%. Top portion 664 can be slightly narrower than end portions 680 arid 682 so that when 
fiiter holder 630 is arranged in the filter cavity, there is a slight gap between the edges of top 
portion 684 and the sidewalls of the filter cavities to allow fluid to flow into/out of the spaces 
between the filter eiement and the sidewalls. In some embodiments, the filter holder is 
symmetric. This is advantageous to reduce manufacturing costs and the number of parts. 

[00107] Fiiter holder 630 can also include a thin continuous piece of material (referred to herein as 
flashing 688) extending outward from the outer surfaces of filter hoider 630. Flashing 688 
extends a sufficient distance so that flashing 688 witi be positioned between ribs 667 and 
668 when the filter cassette is assembled. Flashing 688 can include cutouts 690 fiat align 
with iniet bow! 670 and outlet bowl 672. This provides an opening between, for example, the 
inlet region 646 and the remainder of the upstream portion 604 of the filter cavity (see Figure 
15). Thus, for example, opening 690e can aliow flow of fluid entering opening the filter inlet 
port and being redirected by surface 648 to flow Into opening 675 (see Figure 18). Similarly, 
opening 690b can aliow fluid exiting through opening 676 to flow over surface 674 and out 
the filter outlet port (see Figures 15 and 18). According to one embodiment, sonic welding 
can be used to bond ribs 667, 668 snd flashing 688 and seal portions 632, 634 and filter 
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holder 630. Therefore, it may be preferable that flashing 688 Is formed of a material fusible 

to the material of the main body. 

[00108} Filter element holding area 686 can be packed with a filter element. The filter element can be 

bonded to the inner surfaces of filter element holding area 686. In one embodiment, the fiiter 

element may comprise a rectangular pleat pack. A first set of pieat tips may face the 

upstream portion of the chamber and a second set of pleat tips may face a downstream 

portion of the filter chamber. In general, the fiiter eiement can be packed so that the 

upstream surface of the filter element is generally fiat rather than curved around a central 

core, though there may be some bending at the edges If the fiiter eiement is doubted back 

on itself and the filter may include pleats. Using a flat rather than a curved filter provides the 

advantages that more membrane material can be packed in a given volume and filtration 
mediums having less compliant bending moments can be used. Furthermore, because a 

pleated filter can be arranged with a generally flat profile (e.g., with the pleats compressed), 

the upstream and downstream dimensions of the pleats can be identical (unlike a circular 

filter design in which the pieats will be more spread out on the upstream side than the 

downstream pieats). In other embodiments, the pieats of the rectangular pleat pack may be 

separated. 

[00109] Embodiments of filter hoider 630 can be made from a variety of materials including but not 

limited to oleophilic resins, perfiuorinated resin, (such as, but not limited to, 

polytetrafiuoroethylene (PTFE), fluorinated ethylene propylene (FEP), perfluoroaikoxy 

polymer (PFA)), polyvinylidene fluoride (PVDF), poiyimide, poiyetherimide, polycarbonate, 

polypropylene (PR), polyethylene (PE), poiyether ether ketone (PEEK), metals or other 

materials. In one embodiment, the filter holder 630 can be formed of multiple iayers. The 

core can comprise a relatively inexpensive first polymer (e.g., polypropylene) while any 

layers that contact fluid can comprise a more chemically resistant, higher purity second 

polymer that is less likely to react with or contaminate the process fluid. According to one 

embodiment the second polymer can be over molded on the first polymer. 

[00110) Figure 20 illustrates one embodiment of a filter cassette having an RFID tag 692 attached 

thereto and an RFID readers 693. RFiD reader693 may have a limited range "R", say 4 

inches. If the length "L" of the cassette is greater than R, the RFID tag 692 can be placed an 

the cassette so that RFID reader 693 cannot read the RFID tag 692 when the cassette is 
placed in a filter bay backwards. Control schemes can be implemented so that upstream 
components will not provide fluid to the filtration system if a cassette is installed improperly, 
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or not installed at ail. Embodiments may ateo include sensors located throughout the first 

and second manifold to read various fluid properties such as pressure or temperature. 

[00111] In several of the above examples, the filter cassette had a generally rectangular profile. 
Figure 21 is s diagrammatic representation of one embodiment of a filter cassette having a 

main body 694 with a rounded rear and front walls, such that the sidewalls of the cassette 

are curved. The cassette can include a guide mechanism 695 that can fit in slotted track of 

a filter bay assembly. Figure 22 is a diagrammatic representation of another embodiment of 
a cassette having an elliptical main body 696 from the side. The cassette can include a 
guide mechanism 687 that can fit in slotted track of a filter bay assembly. Figure 23 is 
another embodiment of a cassette, with a cylindrical main body 698 and guide mechanism 

699. The various examples of cassette shapes are provided by way of example and other 

cassette profiles, in some embodiments comprised from symmetrical main body portions, 
car? be used. Furthermore, the filter element within the cassette may have any desired 
shape, including a tubular shap© curved about a central core. 

[00112] Although specific embodiments have been described, these embodiments are merely 

iflustrative, and not restrictive of the invention. The description herein- of illustrated 
embodiments of the invention, including the description in the Abstract and Summary, is not 
intended to be exhaustive or to limit the invention to the precise forms disclosed herein (and 
in particular, the inclusion of any particular embodiment, feature orfunction within the 
Abstract or Summary is not intended to limit the scope of the invention to such embodiment, 
feature or function). Rather, the description is intended to describe illustrative embodiments, 

features and functions in order to provide a person of ordinary skill in the art context to 
understand the invention without limiting the invention to any particularly described 
embodiment, feature orfunction, including any such embodiment feature or function 
described in the Abstract or Summary. While specific embodiments of, and examples for, 
the invention are described herein for illustrative purposes only, various equivalent 

modifications are possible within the spirit and scope of the Invention, as those skilled in the 

relevant art will recognize and appreciate. As indicated, these modifications may be made to 
the invention in light of the foregoing description of illustrated embodiments of the invention 
and are to be included within th© spirit and scope of the invention. Thus, while the invention 
has been described herein with reference to particular embodiments thereof, a latitude of 
modification, various changes and substitutions are intended in the foregoing disclosures, 
and it will be appreciated that in some instances some features of embodiments of the 

invention will be employed without a corresponding use of other features without departing 
from the scope and spirit of ffce invention as set forth. Therefore, many modifications may be 
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mad© to adapt a particular situation or material to the essential scope arid spirit of the 

invention. For example, the membrane can he surface modified by chemical coating, 

piasms treatment, laser or lamp treatment and the like to include ion exchange groups, 

hydrophiiic groups, hydrophobic groups and other functional moieties. 

[00113] Reference throughout this specification to "one embodiment", "an embodiment", or fa 
specific embodiment" or similar terminology means that a particular feature, structure, or 

characteristic described in connection with the embodiment is included in at least one 

embodiment and may not necessarily be present in all embodiments. Thus, respective 

appearances of the phrases "in one embodiment", "in an embodiment", or "in a specific 
embodiment" or similar terminology in various places throughout this specification-are not 
necessarily referring to the same embodiment Furthermore, the particular features, 
structures, or characteristics of any particular embodiment may be combined in any suitable 

manner with one or more other embodiments, it is to be understood that other variations and 

modifications of the embodiments described and Illustrated herein are possible in light of the 

teachings herein and are to be considered as part of the spirit and scope of the invention. 

{00114] In the description herein, numerous specific details are provided, such as examples of 
components and/or methods, to provide a thorough understanding of embodiments of the 

invention. One skilled in the relevant art will recognize, however, that an embodiment may 

be able to be practiced without one or more of the specific details, or with other apparatus, 
systems, assemblies, methods, components, materials, parts, and/or the like. In other 
instances, well-known structures, components, systems, materials, or operations are not 
specifically shown or described in detail to avoid obscuring aspects of embodiments of the 
invention. While the invention may be illustrated by using a particular embodiment, this is 

not and does not limit the invention to any particular embodiment and a person of ordinary 
skill in the art will recognize that additional embodiments are readily understandable and are 

a part of this invention. 

[00115J (twff{ also be appreciated that one or more of the elements depicted in the drawings/figures 
can also be implemented in a more separated or integrated manner, or even removed or 

rendered as inoperable in certain cases, as is useful in accordance with a particular 

application. Additionally, any signal arrows rn the drawings/figures should be considered'only 
as exemptery, and not //mit/ng, unless otherwise specifically noted. 

[00116] As used herein, the terms "comprises/' "comprising," "includes," "including," "has," "having," 

or any other variation thereof, are intended to cover a non-exclusive inclusion. For example, 
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a process, product, article, or apparatus that comprises s list of elements is not necessarily 
limited oniy those elements but may include other elements not expressly listed or inherent 

to such process, process, article, or apparatus, 

[00117] Furthermore, the term "or" as used herein is generally intended to mean "and/or" unless 

otherwise indicated. For example, a condition A or B is satisfied by any one of the 

following: A is true (or present) and B fs false (or not present), A Is false (or not present) and 
B is true (or present), and both A and B are true (or present). As used herein, including the 
claims that follow, a term preceded by "a" or "an" (and "the" when antecedent basis- is V or 

"an") includes both singular and plural of such term, unless clearly indicated within the claim 

otherwise (i,e„ that the reference "a" or "an" clearly Indicates oniy the singular or oniy the 

plural). Also, as used in the description herein and throughout the claims that follow, the 
meaning of "in" includes "in" and "oh" unless the context dearly dictates otherwise. The 
scope of the present disclosure should be determined by the following claims and their legal 

equivalents. 
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CLAIMS: 

1. A filter assembly for filtering semiconductor manufacturing process fluids, the 
filter assembly comprising: 

a filter housing having a filter inlet defining an inlet flow path and a filter outlet spaced 
from the filter inlet defining an outlet flow path, the filter housing defining a filter cavity at least 
partially defined by an upstream sidewail, a downstream sidewail, a third wall running from the 
upstream sidewali to the downstream sidewail and a fourth wall running from the upstream 
sidewali to the downstream sidewail, the filter cavity comprising an upstream portion of the filter 
cavity in fluid communication with the inlet and a downstream portion of the filter cavity in fiuid 
communication with the outlet; and 

a filter element comprising a filter membrane to filter micron or submicron impurities from 
a semiconductor manufacturing process fiuid disposed in the filter cavity, the filter 
element at least partially overlapping the filter inlet on a first side of the filter element, the filter 
element separating the upstream portion of the filter cavity from the downstream portion of the 
filter cavity, the fiiter element further comprising a rectangular pleated filter with a set of pleats 
having a first set of pleat tips facing the upstream sidewali on an upstream side of the fiiter 
element and a second set of pieat tips facing the downstream sidewail on a downstream side of 
the pleated filter, the set of pleats packed together such that the first set of pleat tips form a 
generally planar rectangular entrance interface and the second set of pleat tips form a 
rectangular generally planar exit interface and wherein the primary flow path of the fluid through 
the filter element is perpendicular to the flow path through the fiiter iniet. 

2. The filter assembly of Claim 1, wherein: 
the set of pleats are pleated parallel to a long axis of the filter cavity; and 
the fitter element is potted to seal a first end of the fiiter cavity and a second end of the 

filter cavity, the first end of the filter cavity and the second end of the filter cavity spaced by the 
long axis of the filter cavity. 

3. The filter assembly of Ciaim 1, further comprising a flow guide disposed between the 
inlet and the filter element, the flow guide configured to direct flow from the inlet to an upstream 
sidewail. 

4. The filter assembly of Ciaim 1, further comprising a shifted parallelogram filter holding 
area, wherein the filter element is disposed in the shifted parallelogram fiiter holding area such 
that the first set of pleat tips and the distance between the first set of pieat 
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tips and the upstream sidewali continually decreases in a direction from the third wall to the 
fourth wall, wherein the inlet interfaces with the filter cavity on a third wall running between the 
upstream sidewali and the downstream sidewali. 

5. The filter assembly of Claim 4, further comprising a filter cover disposed on a 
downstream side of the fiiter element and contacting the filter element, the filter cover running a 
length of the filter cavity and tilted toward the upstream sidewail to at least partially define the 
filter element holding area and spanning between the third sidewali and the fourth sidewali, the 
filter cover comprising a set of spaced intermediate members and defining openings between 
the set of spaced intermediate members to allow fluid to flow from the fiiter eiement and through 
the filter cover. 

6. The filter assembly of Ciaim 5, wherein the filter element comprises a first flap and a 
second flap and wherein the first flap and second flap are captured between the filter cover and 
the filter housing. 

7. The filter assembly of Claim 1, wherein the filter housing comprises symmetric main 
body portions. 

8. The fiiter assembly of Claim 1, wherein the upstream portion of the filter cavity is 
shaped such that the upstream portion of the filter cavity has a decreasing hydraulic diameter 
away from the filter iniet and the downstream portion of the filter cavity is shaped to have an 
increasing hydraulic diameter toward the outlet 

9. The filter assembly of Claim 1, further comprising a flow guide to direct flow 
horizontally from the inlet to the upstream sidewali. 

10. The filter assembly of Claim 9, wherein the pleated fiiter comprises the flow guide. 

11. The filter assembly of Claim 9, wherein the flow guide comprises at least a portion 
of the filter element. 

12. A method for filtering a liquid comprising: 
receiving a semiconductor manufacturing process fluid into an upstream portion of a 

filter cavity through an inlet defining an inlet flow path in a first direction; 
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redirecting the (squid in a second direction to an upstream sidewail on an upstream side 
of a filter eiement using a flow guide; 

wetting a filter element, the filter element comprising a filter membrane to fiiter micron or 
submicron impurities from the semiconductor manufacturing process fluid, wherein the filter 
element comprises a pleated filter with a set of pieats having a first set of pleat tips on an 
upstream side of the filter eiement and a second set of pieat tips on a downstream side of the 
fiiter element, the set of pleats packed together such that the first set of pleat tips form a 
generally planar rectangular entrance interface with the upstream portion of the filter cavity and 
the second set of pieat tips form a generally planar rectangular exit interface with the 
downstream portion of the fiiter cavity; 

directing fiuid through the fiiter eiement to a downstream portion of the fiiter cavity, 
wherein to provide normal flow filtration and wherein the primary flow path through the filter 
element is perpendicuiar to the flow path through the fiiter iniet; and 

directing fiuid to an outiet fiuidiy coupied to the downstream portion of the filter cavity. 

13. The method of Ciaim 12, wherein the pleated filter acts as the flow guide. 

14. The.method of Ciaim 12, wherein the pleated fiiter is disposed as a shifted 
parallelogram. 

15. The method of Ciaim 12, wherein the second direction is perpendicuiar to the first 
direction. 

16. The filter assembly of Ciaim 1, wherein: 
the filter inlet defines a generally vertically upward flow path; 
the filter outlet defines a generally vertically upward flow path; 
the filter assembly comprises bottom offsets projecting upward from a bottom of the fiiter 

cavity and sidewail offsets projecting into the filter cavity from the upstream sidewail; 
the pieated filter is pleated parallel to a long axis of the fiiter housing, is supported by 

the bottom offsets and comprises a top pleat and a bottom pieat, wherein the bottom pleat 
overlaps the filter iniet and the top pieat does not overlap the filter outlet; 

a filter cover disposed on a downstream side of the filter eiement; and 
wherein the pieated filter is disposed in a shifted parallelogram fitter holding area. 

17. The filter assembly of Claim 1, further comprising a vent open to a highest area of the 
upstream portion of the cavity or the downstream portion of the cavity, wherein the filter housing 
is formed of a material that is more philic to gas than the material of the filter membrane. 
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18. The filter assembly of Claim 11, wherein the filter housing is shaped to maintain a 
ratio of fluid volume to hydraulic diameter in the upstream portion of the filter cavity and the 
downstream portion of the filter cavity. 
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