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MODULAR FILTER CASSETTE

RELATED APPLICATIONS

This application claims the benefit of Unitad States Provisional Patent Application No,

61/542,649, ertitled “Modular Filration System,” filed October 3, 2011 and United States
Provisionat Pa’zen't Application No. 61/613,886, entitied *Modular Filtration System ™ ﬁiéd
March 21, 2012, bath of which are hereby fully incorparated by reference ﬁsrain. .

TECHNICAL FIELD

This disclosure refates io filtration systerns. More particularly, embodiments described
herein relate to modular filffration systems. Even more particularly, embodiments described
herein refate to modular filtration systems for fitering eemiconductor manufacturing fluids.

.BACKGROUND

Semiconductar manufacturing processes are highly sensitive to'contamination because
depositing even a tiny particle on a semiconductor wafer can lead to defects. Therefors, it is
sommon to employ ulfraclean fitlers having membranes that remove submicron particles.
Although different filfration modules have been deveioped o filter semiconductor
manufacturing liquids, many exisﬁng filter modules are cynndﬁcal. having a housing with a
one-pigce cylindrical bowd or sleeve in which the filter membrane resides. Typically, these

- filters contain 2 circuiar pleated fiter membrane that encircles a hollow sore. Fluid enters

the filter madule from the top, flowing betwsen the filter membrane and the housing, passes
throligh the filier membrane 1o the hollow core and exits the module out the top,

Existing cylindrical filter modules suffer several shortcomings. Ong deficiency is that the
cireutar pleated membrane unduly restricts fluld fiow bacause the membrane must be more
tightly packad towards the center In order fo achisve the circular configuration. Ancther
deficiency is that the oylindrical housings are molded or exiruded as single pieces, making it
difficult or impossible to add geometries that run perpendicular fo thelcyiinder's axis.
Furthermore, many existing filter modules are difficult to install and replace. Since many
liguids used in semiconductor manufacturing are cotresive or toxis, filier module ‘
replacement presents a danger fo workere. ‘
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Current filtration systems that employ cylindrical filters have limited configurability. In many
cases, filters are ponheoted through multiple units in 2 fixed configuration, making it difficult
to change the flow through the filters from serial to paraliel as needed. Additionally, many
filtration systems use only a single type of filter, fimiting the abliity to apply different filters for
dtffereﬁt purposas or particle sizes in a single filtration system.

SUMMARY

This disclosure relates fo fillration systems and filters, Particular embodiments provide
fitirafion systems and filters for filtering semjconductor manufacturing liguids.

According fo one embodiment, a filter assembly may inctude a rectangular filter efement
without a filter cage or core {non-cylindrical). The filter element may include a refatively
flimsy membrane congtrained directly by the maln shell. A membrane cover may hold the
membrane in place, The four sides of a filter housing may be bonded or othérwise coupled
together to fully encapsulate the filter elemant.

A filter cassette can comprise a filter housing having a filter infet defining an iniet flow path
and a filier outlet spaced from the filter inlet defining an outlet flow path. The filter housing .
may define a filter cavity comprising an upstream poriion of the filter cavity in fiuid

" communication with the inlet and a downstream portion of the filter cavity in fluid

communication with the outiet. The filter element may further comprise a filter element
dispossd in the ﬁlter gavity. The filter element may at least partiél!y overlap the filter inlet on
a first side of the fiiter element. The filter element may separate the upstream portion of the
filter cavity from the downstream poriion of the filter cavity by a potting material, The filter
elernent 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 sei
of pleat tips may form & generally planar rectangular exit Interface with the downstream
portion of the filter cavity. The filter element may be disposed in 2 shifted paralielograrm filier

holding area,

The filter cassette may inciudé a flow guide disposed between the infet and the filter
element, the flow guide configured to direct flow from the inlet to an upstream sidewall. The
filter cassette may further include g filter cover at least parfially defining the filler element
holding area. A first membrane flap and & second membrane flap of the filter element may
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‘be retained between the fliter cover and the filter housing. Potting may seal a first end of the

filter element and second end of the filter elemeant.

The filter cavity may be at least partially dsfined by an upsiream sidewall, & downstream
sidéwali spaced from the upstream sidewsll, a third wail running ffqm the upstream sidewall
to the downstream sidewall, and a faurth wal running from the upsirjeam sidewall to the
downstream sidewall and spaoed from the third wall. The filter element can be shifted
toward the upstrsarm sidev;/ali such that a distance befween the filier element and the
upsiream sidewall decreases in a direction from the third wall to the fourth wall. The filter
inlet may interface with the filter cavity at the third wall and the ouflet may interface with the
filter cavity at the fourth wall. The filter cavity may be further defined by a fifth wall and a
sixthwall. The iniet can interface with the filtar cavily at the fifth wall and the outlet can |
interface with the filter cavity at the sixth wall,

The upstream portlon of the filter cavity mayvbe shaped such that the upstream portion of the
filtler cavity has e decreasing hydraulic diamater away from the filter infet and the
downstream portion of the filter cavity is shaped to have an iﬁcreas‘mg fiydraudlic diameter
toward the outlet. :

Another embodimeant may include a filter housing having a fitter inlet defining a vertical inlet
flow path and a filter outlet spaced from the filter infet, the flter outiet defining a vertical cutlet
flow path, The filter housing may comprise an upsiream sidewall and 3 downstream sidewall
and defing a filter cavily Eaving an upstream portion In fluid corﬁmunioaﬁon with the fitter
infetand a downstream portion in fluid cammunication with the outlet. A filter element may
be disposed in the filier cavity. The fiiter element may be polled and separate the upstream
portion of the filter cavity from the downstream paortion of the filter. The filter element may
compn'sé a rectangular pleated fitter with a set of pleats having & first set of pleat fips on an
upstream side of the filter element and a second set of pleat tips on a Jownstream side of
the fiter 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 fo the upstreém
sidewall. The pleated filter itself may act as the fiow guide or the flow guide may be ‘
disposed betwesn the filter slement and the infet. '

Yet another embadiment may comptise a method for filtering a liquid. The method may
include receiving fiquid info an upstream portion of a filfer cavity through an inlet defining an
infetflow path In a first direction. The method may furtherinclude redirscting the liguid in a
second direction to an upstream sidewal! on an upstream side of a filler elernent using a flow



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
fiuid can be directed through the filier element to a downstream portion of the filter cavity
to provide normat 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 outiet flow path. The
filter housing can comprise an upstream sidewall and a downstream sidewall and can
define a filter cavity having an upstream portion in fluid communication with the inlet and
a downstream portion in fluid communication with the outiet. The upstream portion of the
filter cavity comprising a first portion adjacent to the upstream sidewall and a second
portion fluidically 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 reé’ééngular
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.

[00186] As another advantage, a rectangular shaped pieat 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.



This provides the pleat pack support directly in the shell/housing, eliminating the need to
have a separate cage to suppart 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 sidewall, a downstream sidewall, a third wall running from the upstream
sidewall {o the downstream sidewall and a fourth wall running from the upstream sidewall to the
downstream sidewall, 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 sidewall on
an upstream side of the filter element and a second set of pleat tips facing the downstream
sidewall 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 fiow path in a first direction;
redirecting the liquid in a second direction to an upstream sidewall on an upstream side of a
filter element using a flow guide; wetling 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 enirance 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 normal flow filiration and wherein the



primary flow path through the filter element is perpendicular to the flow path through the filter
inlet; 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 iliustrated in the
drawings are not necessarily drawn to scale. 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 sheli;

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

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

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

potling;

FIGURE 13 is a diagrammatic representation of another embodiment of a filter assembly;
FJGL;RE 14isa diagrammatic representation of yet another embodiment of a filter assembly; |
FIGURE 15 is & diagrammatic representation of one embodimant of 2 filter cassette;

FIGURES 16A-16C are a dlagrammatic representations of additional views of one |
embodiment of & filter cassette; )

FIGURE 17 is a diagrammatic representation of one embodiment of a housing of a filter

cassette;

FIGURE 18 is & diagrammatic representation of porfions of & filter housing;

FIGURE 19 is a diagrammatic representétion of one e}tjbodiment c;f a filter element holder;
FIGURE20 is a diagmmméﬁc representation of ancther embodiment of a filter cassette;
FIGLURE 21 is a diagrammatic representation of ancther es;mbodiment of a filter cassetlte;
FIGURE 22 is a tiagrammatic representation of another embodiment of a filler cassette; and
FIGUéE 2;3» is & diagrammatic representation of ancther embodiment of a filter cassette.
DETAELED DESCRIPTION

Fitters and filtration systems and the various features and advantageous details thereof are
explained more fully with reference to the nonlimiting embodiments that are lustrated in the

. accompanying drawings and detailed in the following descriplion. Descriptions of well-

known starting materials, processing techniques, components and equipment are omitled so
as not o unnecessarily obscurs the invention in detall, 1t should be understaod, however,
that the detailed description and the apecific examples, while indicating preferrad
embodiments, are given by way of liiustration onfy and not by way of fimitation. Various
substitutions, modifications, add itions 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.,

Embodiments described herein relate to filtration systems for the filtration of liquids. In
particular, embodiments described herein provide filtration systems for fittering

B -
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~ semiconductor process fiuids including chemicals used in wet etch and cleaning

applications, For example, embodiments can be applied to filiering chemicals in
photolithographic processing (photochemicals). Photochemicals include materials such as
primers, adhesion promoters, photoresists, edge bead removers, anti-reflective coatings,
davelopers, dielectrics, and the like. The chemicals can be filtered at the point of use (POU),

the subfioor or elsewhere,

ﬁc’ccrﬁing to one ambodiment, a filiration system can use one or mare non-cylindrical

removable filter casseties having inlet ports, outlet ports and vent ports es needed. A main
assembly provides fiuid flow paths for fluid feed into and out of the filter cassette. The fluid
flow paths of the filiration system can be reconfigurable so that fiuid can be provided to the
filter cassettes in different manners (e.g., in parafiel, it serial or a comipination thereof). The
filtter casseites may be installed and removed in manner that reduces or eliminates dripping
of chemicals uging vertical motion or a p/tiit mechanism,

According fo one embodiment, the filter may engage with the main assembly using O-ting-
less fittings and fiting assembiies as described in United States Patent No. 7,547,049
entitled “O-Ring-Less Low Profile Fitings and Fitting Assemblies” by Gashgaee et al., issued
June 18, 2008, which is hereby fully incomoerated by refarence herein, or other connection '
mechanism. In other embodiments, the filters may use a connection mechanism such that
portts can connect through rotation such as described in United States Patent No. 6,378,907,
antitied *Connector Apparatus and System including Connsctor Apparatus” issued Aprt 30,

2002, United States Patent No. 7,021,867, entitled "Conhector Apparatus and System

including Connector Apparatus” issugd Aprll 4, 2008, United States Patent No. 7,266,582,
entitied "Method and System for Purging a Dispensed Fluid Within a Fluid Dispensing
System Including & Filter-Free Connector Apparatus,” issued November 20, 2007, United
States Patent No. 7,350,821, entifled “Method and System for Purging a Dispensed Fluid
with & Fluid Digpensing System Including A Filter-Free Connector Apparatus,” issued Aprit 1,
2008, United States Patent No. 7,037,424 entitled "Connector Apparatus and Sysiem
inciuding Connecior Appsrétus," izsued May 2, 2008, each of which is hereby fully
incotporated by refereﬁc:e herein.

The filter casseltes may be configured fo provide normal flaw flration (NFE), in which fluid is
convected directly toward the filter membrane under applied pressure. Particles that are ioo
large to pass through the porés éf“the membrane accumulate at the mernbrane surface or in
the depth of the filiration xﬁed%ax while small moiecules pass through membranse pqreé to the
downstream side. According to one embodiment, the filter cassettes can be selected to

-7 -



10047

foo48j

100491

remaove micron and/or sdbmlcmn particles (&.g., inchuding particles of 100nm or legs).
Multiple filters may be applied in sertes in a single filtratton system unit to successively
remove smaller particles or different types of particles. The finest filter can be placed last in
series so that larger particles are fittered out prior © reaching the last filter. This can reduce

wear on the finest, typically most expensive, filter.

In one embodiment, the filter cassettes use non-circular plasied filler elements. For
example, one embadiment may include a rectangular pleated fitter with a first set of pleat fips
facing the upstream portion of the filter cavity and g second set of pleat tips facing the
downstream porlion of the filter cavity. The first set of pleat tips may be generally arranged
in a first plane and the second set of pleat lips may be generally aranged in a second plane.
Accarding to one embodiment the filter element may provide a generally planar rectangular
antrance irterface and a generally pianér rectarigular exit interface. The use of rectangular
pleat packs can provide significant additional filtration in same footprint as traditional

semiconducior fiquid filters.

Figure 1 is a disgrarnmatic representation of one embodiment of a filter assembly 100

having a fitter housing 105 defining a filter cavity 110 divided into an upstream portion 115
and downstream poriion 120 by 2 filter element 125 disposed in the ﬁtte;r cavity 110, Filter
gaienient 128 can be any suitable fifter media including, but not limited to pleated filters, depth
filters, hollow fiber membranes, or ofher fillers, inone gmbodimem, filter elemant 125 '
comprises & rectangular pleat pack. The pleats of the filter can be formed fram & single
membrane ar multiple membranes formed from the same or different materials. Additionally,
polymeric netting materials and other materials may be pleated with the membrane,

A filter inlet port 130 is located upétream of fitter element 125 and a filter outlet port 135 is
located downstream of filter element 125 (from & fiuid flow perepective running through the
filter). Filter vent ports (e.g., filter vent port 140} can be located upstream and/or
downstream of fitter element 125. According 1o one embodiment, fitter inlet port 130 defines
an upwardly vertical inlet flow path, filter outet port 135 defines an upwardly veriical outlet
flow path and filter vent port 140 defines an upwardly vertical vent flow path. Preferably,
fiker vent port 140 s open to the upstream pbrtion 115 of the filier cavity at the highest point
possible so that any gas in upstream portion 118 naturally rises 1o filter vent port 140,
Similarly, an outlet vent port can be provided that prefarably is open to the downstream
portion 120 of the fifter cavily at the highest peint possible so that any gas in downstream
portion 120 naturally rises to vent port 140, ¥ & downstream vent port is not provided, it may
be preferable 1o have the outlet port af the highest possible locafion so that alt air on the

-8
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outlet side is purged at startup and does not reside or collect in the filtler. Vent ports can be

fiuidly coupiéd to valves,

The vent ports (or corresponding ports in the manifoid) may be pressure actuated with an
actuation presaure that is greater thén the driving pressure of the fluid. Manual valves can
also be used. For example, the filter or manifold can include vaives , such as poppet valves
or other valves so that gas is ohly vented when it exceeds & parﬂct}{é? bréssure {e.g., Bpsi
above the expected operating pressure of filter assembly 100) or volume. The ports can
comprise Connectology cantections from Entegris, inc. of Billerica, MA, Swagelok fittings or
other connection capabis of fiuidic ssaling,

To efficiently place ports in a footprint, apleated area of filter element 125 may overlap filter
inlet port 130, filter outlet port 135 and/or filter vent pori(s) 1 40. However, if the flow of fluid
antering the filter assembly 100 is sufficient, fluid flow directly impacting fitter element 125
may damage it. Accaordingly, & flow guide 150 (e.g., a baifle, tubing or other flow directing
structure) disposed between filler elsment 125 and the inlet can obstruct fld\m along the axis
of the inlet and redirect flow toward upstream sidewall 185, While flow guide 150 s
illustrated as extending genaraﬁy perpendim}l'ar {0 the axis of ﬁ!te; i:{l'et 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 ﬂéw to upstream sidewsl] 156 without flow guide

~150.

The interior surfaces of filter cavity 110 ¢an be formed of a material that is more phobic or
philic: relative 1o the material of filter element 125, in one embodiment, filter housing 105 can
be formed of & material such that sidewall 155 is more philic o gas than filter element 125
or, put another way, filter element 125 can be selected to be maore phobic 1o gas than the
housing material~ta promote affinity of gas to sidewall 155. By way of example, but not
fimitation, the difference in surface energy between the housing material and filter element
125 can be greater than 10 dynes/em?. Thus, there may be a surface energy gradient
between filter element 125 and sidewall 158. Consequently, as fluid washes over sidewall
155 and fills upstream portion 115, gas in the fluid will be atiracted to sidewall 156. The gas
is therefore more likely to rise fo filter vent porf 140 rather than pass through filter element
125. A similar phenomenon can occur in downstream portion 120.

in operation, filfer assemnbly 100 provides nommal flow filtration (NFF). Fluid enters filter inlet
port130 ina generally upward diraction and is directed to an upstream sidewall 155 of the
filter ca»;ity. As pressure increasss in upstream porfion 115, the ficid flows through filter



[0054]

[0055]

[0056]

element 125 to downstream portion 120. The primary flow path of fluid through filter element
128, in one embodiment, can be generally perpendicular to the flow path through fitter inlet
port 130. Filter cavity 110 can be configured to promaote uniform or near uniform flow
throughout the device to fully sweep the filter (€.g., to minimize or elfimirate deed space) and
minimize the pressure loss effects.

Acéﬂﬁing to one embodiment, filter cavity 110 oan be shaped {0 mainiain the ratic of fluid
volume to hydraulic diameter (hydraulic diameter is a ferm known in the art when addressing
flow in noncircular tubes and channels and is defined by.Du=4A/P, where A s cross-
sectional area andg P is wetied perimeter of the cross section) in upstream portion 115 and/for
downstream portik:n 120. In another embodiment, the ratio is ﬁot maintained, but hydraulic
diameter does increase for areas of increased fluid volume. In other embodiments, the
hydraulic diamefer of upstream portion 115 and/or downstream portion 120 remains
constant. Preferably, the hydrautic diameter of upstream portion 116 proximate to filler intet
port 130 Is greater than or equal to the hydrautic diameter of filter iniet port 150,
Furthermore, upstream portion 115 is preferably shaped so that the hydraulic diameter of
upsiream portion 115 decreases away from filter inlef port 130, Similarly, i is preferable that
the hydraulic diameter of downstrearn portion 120 gra&ualiy increases to be equal or greater
than to the hydraulic diameter of filter outlet port 135. Jn general, the filter housing can bé

designed so that the filter housing s not a restricting factor such that fluid fiows through the

filter with iess loss than through the fittings.

Figures 2A-2C are diagrai’nmatic representations one embodiment of a filter assembly
arranged 28 a non—cyiiﬁdi'ical filter cassette. For purposes of explanation, the filter cassetie
has a first end 165 {referred to as the “front™), a second end {referred to 2s the "back”) 170, a
‘-’59 175, a bottom 180, & first side 185 and a second side 120, In the embodiment
iiusirated, the long axis of the filter assembly is a horizontal axis running from first end 165
to second end 170, . '

Filter housing 105 may be comprised of mulfiple houéing pottions. In Figures 2A-2C, for
example, housing 105 is formed by a main shall 185, a side cover 200, front end cover 210
and back end cover 215, The various portions of filter housing 105 may be jeined by sonic
bonding, welding, adhesive, mechanical fasterers of according to any suitable coupling
scheme. According to one smbodiment, 2 main bonding seam 220 of the filler housing runs
from the front 1o the back of filter housing 105 along the long axis. V

TV
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Figures 2A-C further flustrate filter inlet port 130 on the bottom of the housing 108, filter
outiet port 135 on top of housing 105 and filter vent port 140 on the top of filter nousihg 108
toward the frontend 165, According to one embodiment, the various ports can be iocated as
far to the front of the filter cassette as possible while still allowing for bonding between the
componants.‘ in other embodiments the porte may be otherwise arranged {e.g., with one or
more ports near the cenfer or back end of the filter cassette). The centerlines of the
6penings for ports 130 and 135 can be located at the widest portion of the cassette in ane
embodiment. From a fluid flow perspective within the cassetie, openiﬁg for fitter infet port
130 can be jocated at the lowest point of the filter cavity and the openings for porte 135 and
140 can be located at the highest paint of the filter avity. '

With reference to Figures 2B-2C, it is assumed that the shape of the interlor cavity roughly
follows the shaps of the exterior of the filter cassette. The shape of the cassette can be
setectéd 86 that the width andfor heighf of the upstream and downstreamn porte‘oné of the
interior cavity decreass 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 sidewall
155 fapers inward and/or the fop wall tapers downward and/or the bottom wall tapers upward
from back fo front in section 225. A sectlon of the upstream portion of the inferior cavity o
the back of the inlet port (the “back section” of the upstream portion (indicated at 230)) may
also decrease lnmheight and/or width away from fitter inlet porl 130 because sidewall 155
tapers inward and/or the top wall tapérs downward and[tcr the bottorn wall tapers upward
from front to back in back section 230, Conéequentiy. the hydraulic diameter of the
upstream portion of the filter cavity decreases away from filter inlet port 130, Simitarly, a
section of the downstream portion of the interior cavity to the frofit of the outlet port (the
“front section” of the downstream portion (indicated at 240)) may decrease in height andfor
width because downstream sidewall 235 tapers inward and/or the top wall tapers downward
and/or the bottom wall tapers upward from filter outlet port 185 to the front in section 240; A
section of the downstream pcrtibn 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 fo back at back section 245, Thus,
the hydraulic diameter of the downstream portion of the fitter cavity can Increase toward filter
outiet.port 135.

Alsa lllustrated in Figure 2B-2C, filter housing 105 may include optionally Include features to
zid 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 bottormn surface to provide additional area for
capturing the fitter cover and fiter membrane (discussed below), These features may also
aid in afignment and act as guide rails for aligning the cassette in a system that receives the
cassette. Qther or altergtive alignment feafures may aiso be provided for iﬁserﬁng the filter
zssembly into & filrration systam.

Figure 3 is an exploded view of ong embodiment of a filler assembly. Main shell 1985, side
cover 200, frant end cover 210 and rear end cover 215 form a filter housing with an interior
cavity in which filter element 125 is disposed. A fitter cover 260 is coupled to the housing to
retain filter element 125 in place wher fluid pressure is applied.

Filter elerment 125, in the embodiment of Figure 3, is & rectangular pleat pack in which the
filter membrane is pleated parallel to the long exds of the filter housing. The pleat pack ‘
includes a first set of pieat fips 127 that face the Upstreah portiori of the filter cavity and a
second set of pleat tins 129 that face the downstreéfn‘porﬂon of the filter cavity. The first set
of pleat iips are generally arranged in an upstream piat"ne 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 mtérface
with the downstream portion of the filter cavity. '

Figures 4A-4C are diagrammatic representations of one embediment of main shell 195,

Main shall 185 may include a top wall bortion 270, é bottom wall portion 275 and a sidewall
185 running from a first end of main shell 195 to a second end of main shell 185, According
to one embodiment, top wall portion 270 and botiorn wall portion 278 both run the length of
sidewall 155, Rottom wall portion 275 extends further than fop wall portion 270 as measured
along an axis perpendicular to sidewall 155 (e.g., with reference to Figure 2A, botiom wall
porfion 275 exiends further from first side 185 toward second sids 120 than top wall portion
270) (though the bottom wall portion 275 and top wall portion 270 may extend at angles
otiver than perpendicular to sidewall 155), - ‘

Fop wall portion 270 and bottom wall portion 275 may slope relative to muliiple axes. For
example, top wall portion 270 may be angled relative to two axes: downward from filter vent
port 140 o the back end of main shell 185 and upward from sidewall 155 to edge 277,
Bottom wall portion 276 may slope upwaird from fitter inlet port 180 1o 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 porfion 275 may also slope downward from sidewall 155 to edge 279,
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Main shiell 185 may include a number of ribs. v the example Hlustrated, main shell 195
includes end ribs 280+ and 280, bottom ribs 2904-200;, top ribs 285:-285, and intermadiate
ribs 3001-300,. Each rib may include one or more of a bottom offset portion, a sidewall
offset portion and a top offset portion. Ribs 280, for example, may be generally L

shaped with a bottom offset portion 305 extending a first height from bottom wall portion 275
and a sidewall offset poriion 310 glong sidewall 185 extending a sscond height greater than
the first height. In one embodiment, the bottom offset porfion 305 extends across the bottom

 ofthe interiot cavity from wall 155 a first distance pefpéndiculaf {or at another angle) to the

lengih of the interior cavity and the sidewall offset portion 310 extends from sidewall 155 into
the interior cavity a distance that is less than that of bottorn offset pottion 305, Bottom offset
portion 305 may act as a membrane standoff from the bottom su'rface of the interior cavify
and sidewall offset portion 310 may as a pieat standoff from sidewall 155, Sidewall offset
portion 310 may be tapered such that the distance sidewal! offset portion 310 extends away
from sidewsll 155 decreases toward the fop, ifnereby reducing the area of the upsiream
portion of the interior cavity from bottom to top. '

Tob ribs 285 may also be generally L shaped with a top offset portion 315 extending a first
depth from"top wall portion 270 and a sidewall offset portion 320 proximate to sidewall 166
extending a second depth, greater than the first depth. in one embodiment, top offset
portion 315 extends from sidewall 155 across the top of the interior cavity a first distance
perpandicular (or at another angie} to the length of the intenor cavity and sie::iewéf{ offset
portion 320 extends from sidewall 155 into the interior cavity a distance that is less than that
of the top offset portion 315, Top offset portion 316 may act as a membrane standoff from
the top surface of the Interior cavity and sidewall offset portion 320 may act as e pleat
standoff from sidewall 155, Sidewall offset portion 320 may be tapered such that the
distance sidewall offset porfion 320 extends away from sidewall 155 decreases toward the
tog. ' :

According o one embodiment, the height of boftom ribs 290 is selected so that the uppar
edges of bottom offset portions 305 are level with each other when the filter cassetie is
instalied. The top ends sidewall offset portions 510 of alternating bottorn ribs may also level
with each other when the filter cassette is ina tully instafled position (e.¢., with filter indet port
130 aligned vertically). For example, the upper edges of bottom offset portions 305 of ribs
290 jie in 2 first plane, the upper edges of sidewall offset portions 310 of & first set of
alternating botiom ribs 290 lie in a second plane and the upper edges of sidewall offsst
portions 310 of & second set of ellermating bottom ribs 280 lie in a third plane. Thus, whan
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the filker is instalied, the tops of the bottom offset portions 305 of each rib 290 through 250,
will be at the same fluid level, the tops of the sidewall offset portions 310 of the first set of
alternating botiom ribs 280 {(&.g., ribs 280,, 2004, etc.) will be at the same fluid level as sach
other aﬁd the tops of the sidewal! offset portions 310 of a second set of bottom ribs (e.g., ribs
2905, 2905, etc.) will be at the same fiuid level as each other.

Similarly, the fower etiges of {op offset portions 316 of a(ternatiﬁg fop ribs 285 can be lavel
with each cther and the lower edges of sidewall offset portions 320 of alternating top ribs
295 may also be level with each other when the filfer cassetfe is installed. For example, the
tower edge of lop offset portions 316 of ribs 295 may lie in a fourth plane, the lower edges of
sidewall offset portions 320 of a first sel of top ribs 285 may lie In a fifth plane and the lower
edges of sidewall offset portions 320 of a second set of allemating top ribs may lie in 2 sixth '
plane. The firsl, second, third, fourth, fith end sixth planes can be parallel horizontal planes
when the filter cassette is in & full Installsd, operating position (e.g., with the fitter inkat port
130 aligned vertically). in ofher embodiments the ribs may bs otherwise spaced and/or
aligned in various planes to provide filter support and housing strength and to minimize
flow/pressure loss,

Main shell 195 may further comprise & set of intarr;qediata ribs 3004-300, afigned with
alternating top and bottom ribs and projecting inward from sidewall 155 to provide sidewall
offsels. The distance that intermediate ribs 300 project inward may decrease afong the rib
from bottom to top. Attemating top ribs 285 and bottom ribs 200 may be veriically aligned
with intermediate ribs 300, According to one embodiment, the length of an intermediata rib
300 is selectad so that the top end of the intermediate tib overlaps sidewall offset portions
320 of adjacent altemating top ribs 285 and the lower end of the intermediate rib overlaps
sidewall offset portion 310 of adjacent alternating bottom ribs 290, For example, the top end
of rib 300+ overlaps sidewal! offset portions 320 of ribs 2954 and 298 and the lower end of
rib 300+ overlaps the topé of sidewall offset portions 310 of bottom ribs 290« and 2903,‘ In
other words, the vertical length of the intermediate rib, in one embodiment, is greater than
the vertical distance between the second and fifth planss jilustrated in Figure 4B

The spaces betwaeen adjacent ribe form fiow channels in cooperation with the boftom of the
fitter element (or flow guide 150 {not shown)). For example, the arez between adjacent ribs

-280¢ and 290, forms fiow channet 325, open to the filter inlet. When the filter slerment is in

place and fluid is intreduced irio the filter cavity, the fiuid will folfow the flow channels. in the
exampie shown, fluid will il flow channes! 305, along the botiom of the interior cavity and
then foliow flow channel 325; up sidewall 155 until it overfops tib 280,, at which point the
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fivid will flow into adjacent channel 325;. Fluid will continue to fill channsls 325: and 325;
untll the fluid overtops ribs 290, and 290, to begin to fill flow channels 325 and 325, This
protegs can continue until fluid fills channel 825, The rib eonfiguration helps ensure that
fluid weaves along sidewall 155 increasing the likelinood that gas bubbles will be aftracted to
sidewsall 155 and flow upwards. Furthermore, the rib configuration helps distribute fluid

along the length of sidewall 155 o promote even wetling of the fililer element.

Figure 4B further illustrates that fop portion 270 and botiom portion 278 may faper toward
each pther away from filter inlet port 130. Figure 4C further illustrates that, main shell 195
can be shaped so thaf the filter cassette, or at least the upstream portion of the filter cavity,
is widest at the cerderline of filter vent port 140 and tapers inward toward the front end
andlor back end. in the embadiment fliustrated, the taper begins immediately at filler inlet
port 130. Thus, the hydraulic diameter of the filter cavity can decreases away from filter inlet
port 130, helping reduce or eliminale dead space. Furthermore, filter vent port 140, in the
embodiment shown, filler vent port 140 is open to the highest point in the Tilter cavity. - Other
embodiments may include un-tapered portions and tapered périions; ‘

Figure 5A and 5B are diagmrﬁmaﬁc representations of one embodiment of side cover 200.
Side gover 200 may include joining edges 327 and 328 running the Ianéth of side cover 200
that may be joined to edges 277 and 278 of main shell 195 (see Figure 4A) to create a seam
paralisl to the filter pleat folds. Side cover 200 may include 2 top wall portion 335, a bottomn
wall portion 340 and a sidewall 235, Side cover 200 may be shaped 50 tﬁat the widest )
portion of the cassetie, or at least the widest portion of the downstream portion of the inferior
cavity, is coincident with the centedine of filter outlet port 135, Furthermore, side cover 200
may be shaped so that the area of the front section of the downstream portion of the interior
cavity decreases from outist port forward and/or the area of the back section of the
downstream portion of the interior cavity decreases from filter outiei port 138 back. For
example, tap well portion 335 may taper downward from fitter outiet port 135 back. Top wall
portion 338 may also taper downward from filier outiet port 135 forward. Similarly, bottom
wall portion 340 may slope upward from filier outiet port 135 back and from filter outiet port
135 forward. Sidewall 235 may also taper Inward from flter oullet port 135 back and filter
outiet port 135 forward. ‘

in the embodiment of Figure 5A, side cover 200 is shaped o that top wall porfion 335
slopes downward from filter outlet port 138 back and bottorn wall por’tion- 340 tapers upwarg
from fifter outlet port 135 back. Sidewall 235 is shaped so that the outer top sdge 350 of
sidewall 235 tapers inward along & curve from filter outiet port 128 back, The outer bottom

-5 -



[0073] -

[0074]

[0075]

edge 355 of sidewall 235, however, does not {aper inwards, or tapers inward less than top
edge 327, giving sidewall 235 a “twisted” profile. According to ons erﬁbodimen’z, the twist
can be selected to create a linear or othar desired change in cross-sectional area or
hydraulic diameter from fitter outiet port 135 fo 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

-#eam between edge 329 and edge 270 (see Figure 44). The shape also provides a key to

help ensure that the filter cassette can only be inserted into a filtration systemt In the proper
origntation. In other embodiments, however, other sidewall shapes may be used,

Figgure 515; iustrates another view of ong ambodiment of side cover 200. The arrows of
Figure 58 iflustrate that fluid generafly flows to filter outiet port 136, According to one
embodiment, slde cover 200 is shaped to promote more uniform flow rate in the downstream
portion of the filter cavity. Side cover 200 may irclude ribs or other features to help direct

flow to the filter cutlet por 135,

Figure 6 is a diagrammatic representation of one embodiment of fiter caver 260. Fiiter cover
260 can be configured o maintain & filter element in place while allowing flow. According to

one embodiment, filter cover 280 can comprise an outer frame having an uppar member

360, a lower member 365, a fronl end member 370 and @ back end member 375 spanning
between upper fnamber 360 and lower member 365, Upper member 360 and lower member
385 may in clude features {o allow coupling of filter cover 260 fo the rernainder of the filter
cassette. As discussed be!owi for example, fiiter cover 260 may include 2 tongue and
groove feature fof snép fit connectioﬁ o the main shell. Filter cover 260 may be configured
so that & first side of the upper member 360 contains a contact surfece to contact the tips of
top ribs 285 and lower member 365 includes a contact surface o contact the fips of bottom

ribs 200.

' Filter cover 260 may also include intermediate spaced members 380 spanning between

upper member 360 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 ihe filier element against ribs of the main
shefl. The side cover may also include ribs ] coﬁ‘éact intermediate members 380 to provide
additional support. Intermediate members 380 may be angled up and o the front, 1o aliow
such ribs on the slde cover to act as flow directing devices to direct flow entering the
downsiream portion of the interior cavity to the filter outlet port. In other embodiments, fiter
cover 260 may include mesh or other structural elements to mainiain the fiter element whiie

allowing flow.
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Figure 7 is a diagrammatic representation of one embodiment of a filter assembly with main’
shell 195, filter elerment 125 and filter cover 26D. The bottom offsets, sidewall offsets and

top offsets holg the filter element off of the bottomn, upstream and tap of the filter cavity
respsctively. 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 sidewall 158, Filter cover 260 holds filter element 125
in plase when pressure is applied upstream of fitter element 125, ’

According fo ane embodiment, filter cover 260 and main shell 185 may coaperate to provide
a shifted paralisiogram fitier elerment holding area., Filter cover 260 may be angled toward
the upstream sidewall 155 from bottom {0 top and the sidewall offsets provided by the ribs
projecting inward from the upstream sidewal! 155 may be tapered toward the sidewall from
bottorn o top. The angle of filter cover 260 can matcﬁ the taper angle of the ribs. Filter
cover 260 can push filter element 125 against the ribs with the first (upstream) sef 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 slement holder/cage. in this configuration, a
rectanguiar pleat pack will become a shifted rectangle with the pleat 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 filler cover 260. The shifted parallelogram (e.g., rhombus or rhomboid)’ fiker
element holding area provides several benefits. Firet, shifting the pieat pack allows room to
place the filier outiet port without taking up too much horizontal room. Second, the pleat
pack acts as part of the structure o reduce hydraulic diameter (linearly or otherwise).

According to one embodiment, the boltom offset portion 305 of the ribs may have a tapered
{ip portion 400 that is angled away from filler cover 260 from top to bottom {0 create a drain
channel 405, Drain chennel 405 can cross connect the flow channels between bottom ribs

280 (fliustrated in Figure 4B). When fluid is introduced to filter inlet port 130, it may flow from

filter inlet port 130 to édjacent flow channels through the drain channel 405 in addition to
along flow channe! 325, (Figure 4B) as discussed above. Preferably, the hydraulic diameter
of filter Inlet port 130 is less than or egual to sum of the hydraulic diameters of chatinel 325,
at fiter inlet port 130 and the drain channel 408 (in both directions).

Acqording to one embodiment, the opening fo filter inlet port 130 overlaps drain channal 40%
(see Figura 4A). When pressure is removed from filter inlet port 130, fluid remaining in in the
casselte can fow {o drain channel 405 because the botf:om surface of the upstream portion
of the interior cavity may be sloped downward toward drain channel 405 (e.g., from sidewall
185 1 drain channe! 408). Fluid in drain channel 405 may flow to filter inlet port 180

“17 -



[0080]

§0081)

100821

because the bottam surface of the interior cavity i$ sloped toward filter inlet por} 130 (e.g., as

' discussed above In conjunction with Figures 4A and 4B).

Simftarty, the top offset portions 315 may contain a tip portion 408 that is angled away from
filter cover 260 from bottom to fop to form a vent channel 410. Vent channel! 410 can cross
connect the flaw channels between upper ribs 285 (illustrated in Figure 4B). Preferably, the -
opening fo filker vent port 140 overlaps vent channel 410." When the filter casselte is under
pressure, gas can flow fo 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
ﬂow4 up vent channef 410 to filter venit pott 140 because vent channal 210 is sioped foward
fitter 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),

Filter covar 260 may be coupled {0 main shell 185 using a snap-fit, interference fit, sonic
bonding or according fo any suitable coupling mechanism. According 1o ona embodiment,
main shell 195 may include fower and upper coupling portions 420 and 426 to coupie filter
cover 260 to main sheli 195. Coupling portion 420 defines a propve 430 and fongue 435
running the length of main shell 195, Coupling portion 425 includes a groove 440 and
tongue 445 running the length of main shell 188. F&Iter cover 260 includes cc:rrespondmg
lower fongue 455 and groove 460 and upper tongue 465 and groove 470, Groove 430
capiures tongue 455 and groove 460 captures tongue 435, Simllary, groove 440 captures

" fongue 465 and groove 470 capiures tongue 445, In operation, filter cover 260 can be

secured 'using a snap-fit, with upper and lower coupling portions spreading apart slightly o
allow tongues 485 and 485 to pass tongues 435 and 445 respectively and seat in grooves
430 and 440. The resiiience of the main shell 185 materlal can causs the coupling portions
420 and 425 1o snap back to a position in which filter cover 260 is captured. According to
one embodiment, the snap can be sufficient to provide haptic or auditory feedback that filter
cover 260 is secure.

As illustrated in Figure 7, filter cover 260 can be installed so that the rib tips would ofherwise
contact or be vary close to the contact surfaces so that a portion of the filter membrane may
be capiured betweer the rib tips and the cantact surfaces of filter sover 260. According to
one embodiment, the fop and bottom membrane flaps of filter element 125 may extend a
sufficient distanocs so that they pass between the tips 400/408 of the ribs and filter cover 260
to be captured between coupling portions 420 and 425 and filter cover 260. Figure &, for
sxample, 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 filter cover 260. Capturing a portion of filter element 125 halps
retain filter element 125 for later assembly steps. Along with potting, sonic bonding or other
coupling operation can be performed to further bond filter cover 260 to main shell 195 and/or
the membrane to main shell 195 and filter cover 280, sealing the upstream portion from the
downstream portion other than through the membrane.

Figure 9 is a diagrammatic representation of one embodiment of a filter assembly with main
shetl 185 coupled fo side cover 200 at main bonding seams 220 running parallel to the long
access of the filter cassette. Main shell 195 and side cover 200 form & cavity in which fitter
slement 125 is disposed, separating the cavily into upstteam portion 115 and downstream
portion 120. Figuré 10 iffustrates a cross-sectional view of the filter assembly of Figure 8,
further iustrating the hydrautic profile at the back of the downstream portion of the interior
cavity (_;ndlcated at 495) and at filter outlet port 138 (Indicated as the combination of 425 and
497) it can also be noted that the hydraulic profile ingreases from botiom to 1op of the
downstream portion of the interior cavity,

Agccording to one embodiment, side cover 200 Is s‘aaped S0 that the hydraulic praofile
increases approximately linsarly from the back of the downstraam portion of the cavity fo
filter outlet port 135 and from bottom to top. Preferably, the hydrauiic profile gaes 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. Accordmg to one '
embodiment, the hydrauhc diameter of fiiter outlet port 135 can be appro:umately equai to

 the hydrgukc diameter of the downstream portion of the mtericn cavity proximate fo filler
~ outlef port 135. In other embodiments, the hydraulic diameter of filter outiet port 135 may be

gréater than or less than the hydraulic diameter of the downstream portion of the interior
cavity proximate to the port. '

Figure 11 is a diagrammatic representation of anothsr embodimant of a filter assembly
similar o that of Figure 7. In the embodiment of Figure 11, the filter element is not shown to
betier Husirate one embodiment of a shiﬁed~paraileiogram filter element holding arss 500,
Additionally, in Figure 11, bottom rib 280, top rib 285 and infermediate rib 300 are illustrated,
showing the sidewall offset portions of the ribs tapered o match the angle of filter cover 260,
Figure 17 further illustrates that embodiments of filter assemblies may include a flow guide
150 to prevent flow entering fitter inlet port 130 from directly impacting the filtter membrane.

With reference to Figures 1-11, ail materals that come in contact with the process fluid can
be selected to be non-reactive with the process fluld and to minimize contamination.

-10 -



[0087]

[0088]

Embodiments of the housing cart be made from a varigty of materials including but not
limited to vleophilic resing, perflucrinated resin, (such as, but not limited to, '
palytetrafiuoroethylene (PTFE), fluorinated ethyiene propylene (FEP), perfluoraalkoxy

- polymer (PFA), polyvinylidene fiuoride (PVDF), polyimide, polystherimide, polycarbonate,
potyether ether ketane (PEEK), polyeinylene (PE), polypropylene (PP), metals or other
- malerials. In one embodiment, the components of the filter assembiy can be formed of

multiple laysrs. The outer portion of the main shell and side cover can comprise a ralatively
inaxpensivevpol-ymer while the inner layer can comprise & more expensive polymer that is
legs likely to react with or cantaminate the process fiuid.  In one example, the main shell 185
and side cover 200 may comprize an outer shall 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
thermoformed and attached 10 the edges of main shell 195 and side cover 200, Exampies of
such materials include but are not limited to PFA, FEP or other polymer.  The entire wetted
surface of the filler 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. Filter cover 260, on the other hand, ¢an have a core of retaiiveiy inexpensive
material and an outer coating or layer of more expensive, but less reactive material.

A filter cassetie using 2 pleat pack filtler element 125 can be assembled according fo the
foliowing steps. A filter membraneg can be inserted into main shell 185 with the ends of the
last flaps of the pleat siting along the coupling portions 420 and 425, Filter cover 260 can
be snap fit info place. This step lacks the membrane in position with the tongue-and-groove
fit between the outiet cover ard the shell. Unlike a typical cylindrical style carlridge device,
there is no need to wrap a pleat pack to seal the bwo long membrane edges together before
assembling into a device. Side cover 200 can then be bonded to main shelt 196 using any
suitable bonding scheme including, but ot imited to, sonic banding, welding, adhesives,
thermal contact or non- contact bonding operations. According fo one embodiment, bonding
the housing and sealing the membrane edges can happen in @ single bonding operation,
Side cover 200 may also be coupled to main shell 185 using mechanical fasteners. i
raquired, a gasket can be disposad between side cover 200 and main sheli 195.

The ends of the pleat pack can be potted in a polymer or résin, According 1o 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 material to
seal the ends of the interior chamber and pleat pack. Praferably the potling materlal is a
thermoplastic. By way of example, but not limitation, the front and back 0.125 inches to 0.8

- 20 -



inchas of the pleat pack ¢an be sealed with potting material. The polting miaterial 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 pleat pacK can be sealed with a potiing material prior to
insertion in main shell 185, however doing so may resuit 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 material, sonic bonding,

welding, adhsasives, contact or non-contact bonding operations, mechanical tasteners or

[008Y] -

othetwise. Figure 12, for example, is a diagramroatic representation of one embodiment of &
filter assembly showing a pleat pack in place and sealed with potting material 590.

Figure 13 is a diagrammatic representation of ancther embodiment of a filter assembly 600
having a filter housing 802 defining a filter cavity 603 divided into an upsiream portion 604
and downstream porﬁz;n 805 by & filter elamant 810 disposed In the filter cavity B03. Filter
element 610 can be any suitable filter media including, but not limited to pieated filters, depth
filters, hollow fiber msrﬂbranas. or other filiers. In yet another embodiment, filter element
610 can include a polymer filtration material sandwiched betweeh multiple membranes. in
one empodiment, fiter element 610 comprises a rectangular pleat pack. A filter intet port )

- 812 is located upstream of filter element 610 and a filter outlet port 614 is located

downsiream of ﬁitetj element 610 (from & fluid flow perspective running through the filter).
Filter vent ports {e.g., filter vent ports 615 and 6186) can be located upstream and/or

- downstresm of filter element 610. Vent ports 615 and 616 may aiso aptionally be connected
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o valves,

Agccording to one embodiment, filter inlst port 612 is focated at the top of fitter assembly 800
and defines an downward vertical inlet flow path, filter outlet port 614 is located on top of
filter dssembly 600 and defines an upwardly vertical outlet fiow path and filter vent port 616
defines an upwardly vertical vent flow path. Preferably, filter vent port 615 is open to the’
upstrearn portion 804 of the filter cavity at the highest point possible so that any gas in
upsirsam porton 604 naturally rises to filter vent port 815, Similacly, an outlet vert port 616
can be provided that preferably is open to the downstream poriion 606 of the filter cavity at
ihe highest point possible so that any gas in downstream portion 806 naturally rises o vent
port. Fitter iniet port 512 may include an inlst valve 818 to seal filter inlet port 812

To efficiently place ports in a footprind, fiter element 610 may overlap filter iniet port 612,
filter outlet port 814 and/or filter vent port(s) 815/616. If the flow of fiuid entering filter
assermbly 600 is sufficient, fiuid flow directly impacting filter element 810 may damage it
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Accordingly, a flow guide 6§20 (e.g., a baffle, tubing or other flow directing structure) disposed
batween filter element 610 and the inlat can obstruct fiow along the axis of the inlst and
redirect flow toward upstraam sidewall 622. As discussed above, the walls can be selected
to be more philic 1o gas than filter element 610 to promate affinity of gas to wall 622. While
flow guide 620 is llusirated as extending generally perpendicular io the axis of filter inlat port
612, flow gulde 620 may be arranged at other angles. In other embodiments, fiter element
810 may provide sufficient resistance to direct fiow to Upstraam sidewall 622.

Figure 14 Is a diagrammatic representation of another embodiment of a filter assembly 500
similar 1o that of Figure 18, but illustrating an outlet valve 624 to seal filter outiet port 614 and
a second flow guide 626 that ensures fiuid flows along sidewall 628 before exi"ting
downstream partion 808, According to one embodiment, inlet valve 818 ant! outiet valve 6§24
can seal when filter assembly 600 is removed from a manifold, when fluid pressure of fluid

- fiowing into filter assembly 800 drops below & threshold amount or some other condition Is

met. In one embodiment, inlet valve 618 and oufiet vaive 524 can be poppet valves. The
vant parts (or corresponding ports in the manifold) may be pressure ac.tuated with an
actuation pressure that is greater than the driving pressure of the fluid. For example, the
fitter or manifold can include valves, such as poppet velves or othet valves so that gasis -
only vented when it excesds a particular pressure {e.g., Spsi above the expected operating
pressure of filter assembly 600). The potts can comprise Connectology ® connections from

Entegris, Inc. of Billerica, MA, Swagelok fittings ot other connection capable of fluidic

seaii'ng. While Figure 14 llilustrates the inlet and outiet valves inlegrated 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 elsewhers, if present at all.

Agcording to one embodiment, filter assembly 800 can bs aranged as a filter cassette.
Figure 15 is a diagrammatic representation one embodiment of a cross section of 2 filter
cassetie that includes a filter element 610 arranged in & filker holder 630 disposed in filter
housing 602, Filter housing 502 corhprises a main body having symmetrical portions 632
and 634 thet couple together at joining seams 835 to partially define the filter cavity. Fiter

“element 610 divides the filter cavity info upsirsam portion 6804 and downstrearn portion 508,

Filter inlet and outlet port mermbers 636 and 642 are coupied to the housing 602 and provide
ports apen to the filler cavity. The filter port members 636 and 842 can accommodate

" valves, such as poppet valves or other valves. According to one embodiment, infet port

member 836 comprises @ male fitting 637 for inlet port 812, a male fitting 688 for inlet vent
port 616 and & fluid retaining wall 838 extending from a base 640, the fluid retaining wall 639
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encircling fitings 637 and 638. Fittings 637 and 638 are received by complementary fernale

ports on a manifald to create a sealed connection. Retaining wall 638 surrounds the filtings
1o create, in copperation with base 640, a drip cup which can catch drips when the filter
casselte is removed from the manifold. The base 640 of port member 636 slopes upward
from fitting 637 fo fitting 638 to create a gas accurnulation regioﬁ 841 ppen 1o the highest
poiﬁt of upstream porta:on 604. Iniet vent port 815 is open fo the gas accumulation region.

In the embodiment of Figure 15, filter outlet port member 642 similarly inciudes a male fitting
643 for outlet port 814 and 2 wall 644 exfending from a base 645 to form & drip cup about
port 614. In this example, there is no vent port on fitter outlet port member 842, though in
aother embodiments there can be. In some embodiments, & 'singlle pott n"'say act as the filter
outlet port and outlet side filler vent port. in such a case, it may be preferable that the outist
port 614 be opan to the highest area in fluid communication with downstream portion B06 so
that gas rises o the filter outlat port 614,

inlet port member 636 in cooperation with the main body of the cassette ‘fcrms an inlet
region 648 of upstream portion 604 open to inlet port 612, but saparated by filtration or
purification mediz from downstream portion 608, According to one embodiment, inlet region
648 is af least pariiaﬂyr defined by a surface €48 extending perperdicular to the prfmary axis
of inlet port 812 (e.q., across the flow path of fiuid entering ihrough inlet port 612) o redirect
flow horkzontally. An upper surface 850 of fiter holder 830 acts in cooperation with surface
648 to form 2 flow guide (e.g.. & Bafﬁe) that directs flow fo wall 622,

in operation, fiuid enters the filter cassette through inlet port 812 in a first direction (e.g.,
verfically) and is redirected in a second direction to wall 622 by surfaces 648 and 650. Fluid
can flow into the space between filter element 610 and wall 622 through a gap between filter
holder 830 and wall 622. The fiuid will pass through fliter element 810 and leave the filter
cassette via outlet port 614. Thus, the filter cassette provides NFF. Gas atfracied to wall
622 rises 1o gas accumulation region 841 from upstream portion 604 and leaves through
inlet side vent port 615,

Figures 16A-16C are diagmmmaﬁc rapresentations of exterior views of one smbodiment of =
filter cassetie showing various fealures discussed above. According to ons embodiment, the

© filter cassette can be generally rectangular with a top wall 852, bottom wall 654, end walls

656 and 658, sidewall 622 and sidewall 628 forraed from main body partions €32 and 634.
Embodiments of the main bady can be made from a variety of materials including but not
limited to oleophilic resine, perflucrinated resin, (such as, but not lirmited to,
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polytetrafiuoroethylens (PTFE), fuorinated ethylene propylene (FEP), perfluorealkoxy
polymer (PFA)), polyvinylidene fluoride (PVDF), polyimide, polyetherimide, polycarbonate,
polypropropiyn (PE), polyethylene (PE), polyether ether ketone (PEEK), metals or other
materials. In one embaodiment, the main body can be formed of multiple layers. The outer
shell can comprise a relatively inexpensive polymer while the inner layer can comptise a
more expensive polymer that is less likely to react with or contaminate the procass fluid.
According to one embadiment, the main body may comprise gn outer shell can be formed of
polypropylene or other material that can withstand the temperature and pressure
reguiremant, Inside the oufer shell, an inher laver of typically more expensive, more
chemically resistant, highet purlty material can be thermoformed and attached fo the edges
of the outer shell. Examples of such materials include but are not limited to PFA, FEP or
other polymer. The entire weatted surface of the filter can be the more chemically resistan,
Higher purity polymer. In another embodiment, an inner layer of desired meaterial can be
over molded over the inside of the outer shell.

The thicknesses of the various walls can be selected with the understanding that the filter
cassetie may act as a pressure vessel, In typical prior art systems, a filter must have walls
sufficisnt to withstand the expected operating pressures of the filter. That is, the filler must
have sidewalis that are sufficiently thick to keep deflection within an acceptable range (e.g.,
genarally less than 10%, less than 5%, less than 1% at 100psi). The filler casseite, 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 856 and 658
can be the same thickness as sidewalls 622 and 628 or a different thickness. According to
one embodiment, end walls 656 and 658 can include ribs 664 and 866 to minimize
defiection. Top wall 662 and bottom wall 654 may have a similar thickness to sidewalls 622
and 628, may be thicker to minimize deflection or may be thinner,

Each of main body portions 832 and 634 can each nclude a condinuous rib of material {ribs
667 and 868, respectively) extending outwardly from the respective walls. According to one
embodiment, the ribs 667 and 668 extend cutwardly at the edge of the respective main body
portion to creaie g larger usable bonding area for joining the main body portions.

Thefilter cassette can include a guide member 660 to help guide the filter cassetie into a
fitter bay. In the example of Figures 16A-C, guide member 660 includes a set of laterally
extending guide flanges 861 and 663 extending from ribs 667 and 668 respectively to form a
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rail that can be received in a corresponding track of a filter bay assembly. In other
ernbodiments, a filter cassette can include multiple rails or other guide membaers all together,

Figures 16A-18C also llustrate that one embodirment of a filter cartridge can include
syrnmetric ports. Having symmetrio porte and symmetric methods of construction provides a
greatar degree of flexibility than traditional filtars. By way of exampls, but nat fimitation, the
cagsettes can be back flushed, filtration processes can be run in reverse direction, vacuum’
can be applied to either side of the cartndge allowiny for pervaporation sequences.
Asyrmmetric cartidges, on the other hand, limit the ability to oplimize flow in elther direction.

Figure 17 Is & diagrammatic representation of one embodiment of the main body of filter
cassetie showing vatious featurasidis'cussed above, As illustrated, in Figurs 17, ribs 667
and 668 turn inward from edges of main body pc?tio'm 632 and 634 for a first pertion of the
length of the main body and a second portion of the length of the main body fo form the
sidewalis of an irdei bowl 670 and outiet bow! §72. According i ene emhodiment, main
body portion 834 includes surface 848, 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 870 may be open to the fitter cavity. That is, main body portion 832
may be open within tha portion of the inlet bow! formed by main body portion 632, Ti;us,
inlet bowi B70 may be apen to the upstream portion of the filter cavity but not the |
downstream portion.  Similarly, main body porﬂ_on 632 includes surface 674, which may be
a portion of top wall 652, extending acress the bottem of the portion of outiet bowl 672
formed by main body portion §32. | Oulet bow! 672 may be open fo the downstream portion
of the filter cavity but nol the upstream portion of the filter cavity. That is, main body portion
634 may be open within the porfion of the outlet bow! formed by main body porti.on 634,
Ascording to one embodiment, the port members 536, 642 (see Figure 16B) may be bonded
16 the top edges of the inlel bowl and outiet bow! sidewalls using ultrasonic bonding,

-adhesives or other type of bonding with the filter inlet port aligned with surface 648 and the

filier outlet port may be aligned with surface 674.

in many previous filiers, the port connections are manufactured as part of the main housing.
Consequantly, 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
symmstric main body of the filler cassetie, with thefilter element instalied, can be assembled
without the inlet and outlet ports attached. Appropriate sized poris can then be added as
needed. in such a systemn, a single ool can be used to manufacture the main body of the
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filler housing for a variety of por{ types. A specific tool is only required for the specific types
of port members, not the filter housing with ports as & whole.

Figure 18 Hlustrates ons embodiment of symirmetric 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 to
portion £34 such that the two halves of a filter cassette main body can be manufactured
Using a single taol. in this embodiment, the portion of top wall 652 defined by main hody
portion 632 is confinuous in the perimeter of the outlet bow! 872 (illustrated by surface 674),
but is open within the perimeter of inlet bowl 670 (illustrated st 676). Simiary, in this
embadimeant, the portian of top wall 652 defined by main body portion 534 is continuous in
the perirneter of the inlet bow! 870 sidewalls (ilustrated by surface B48) and open within the
perimeter of the outiat bowl 672 sidewalls (ilustrated at 676).

Figure 19 is a diagrammatic representation of one embodiment of a filter halder 830, Filter
holder G630 can inciude end \}vaiis 680 and 682 with & top wall 634 and botiom wall 688
extending between the end portions in a spaced relationship fo define a filter element
holding area 686 open on both sides. In the embodiment of Figure 19, the end M@l!s 880
and 682 can be the same width as the filter cavity and fhe length of filter holder 830 can be
the same as ﬂ;!e length of the filter cavity so that filter holder 830 fits snuggaly in the filter
cavity. Top portion 684 can be slighfly narrower than end poriians 880 and 682 so that when
filter holder 630 is arranged in the filter cavity, there is a slight gap between the edges of top
portior 684 and the sidewalls of the filter cavities to allow fiuld fo flow info/out of the SpAaces
betwaen the fitter element and the sidewalls. In some embodiments, the filter holder is
symmetric. This is advantageous to reduce manufacturing costs and the number of parts.

Fliter holder 830 ¢can also include a thin continuous piece of material (referrad to hereln as
flashing 688) extending outward from the outer surfaces of filter holder 630. Flashing 688
axtends a sufficient distance so that flashing 688 will be positioned between ribs 667 and
668 when the filler cassetie is assembled. Flashing 8BB can include cutouts 630 that align
with inlet bow! 570 and outiet bowl 672. This provides an opening between, for exarnple, the
inlet regrion 846 and the remainder of the upstream portion 604 of the fliter cavity (see Figure
15). Thus, for example, opening 680s can aliow flow of fluid entering Qpéning the filter inlet
port and being redirected by surface 648 to flow into opening 675 (see Figure 18). Simifarly,
opening 690, can allow fluid exiting through opening 676 to flow over surface 674 and out
the filter outlet port (see Figures 15 am:i 18). According to ons émbodimemt, sonic welding
can be used fo bond ribs 687, 688 and flashing 688 and seal portions 632, 634 and filtar
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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.

Fitter element holding area 686 can be packet with a filter element. The filter element can be
honded to the inner surfaces of filter elemant holding area 686. In one embodiment, the filter
element may comprise a rectangular pleat pack. A first set of pleat 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 filter element can be packed so that the
upstream surface of the filier element is generally flat rather than curved around a central
core, though there may be some bending at the edges if the filter element is doubled back
on itself and the filter may include pleats. Using a flat rather than a curved filter provides the
advantages that mors membrane material can be packed in a given volume and fiftration
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 & circular
filter design in which the pleats will be more spread out on the upstream side than the
downstream pleais). In other embodiments, the pleats of the rectangular pleat pack may be

separated.

Embuodiments of filter holder 830 can be made from a variety of materials including but not
limited to oleophilic resing, perfiuorinated resin, (such as, but not limited to,
polytetrafluoroethylene (PTFE), fluorinated ethylene propviene (FEP), perfluoroalkoxy
polymer {PFA}), polyvinyiidene fluoride (PVDF), polyimide, polyetherimide, polycarbonate,
polypropylene (PP), polyethyiene (FE), polyether ether ketone (PEEK), metals or other
materials. in one embaodiment, the filter holder 830 can be formed of multiple layers. The
core can comprise a relatively inexpensive first polymer (e.g., polypropylene) while any
fayers that contact fluid can comprise a more chemically resistant, higher purity second
pofymer that is less fikely to react with or contaminate the procass fluid. According 1o one
embodiment, the second polymer can be over molded on the first polymer.,

Figure 20 illustrates one ambodiment of a filter cassetie having an RFID tag 6982 attached
thereto and an RFID readers 883, RFID reader 883 may have a limited range "R, say 4
inches. ifthe length “L” of the cassetie is greater than R, the RFID tag 682 can be placed on
the cassette so that RFID reader 683 cannot read the RFID tag 682 when the cassette is
placed in a filter bay backwards. Control schemes can be implemented so that upstream
cornponents will not provide fiuid to the filtration system If a cassette is installed improperly,
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or not installed at all. Embodiments may also include sensors located thraughout the first

and secqrid manifold to read various fluid properties such as pressure or femperature.

In savearal of the above examples, the filter cassette had a genetally rectangular profile.
Figure 21 is a diagrammatic represantation of one émbadiment of a filter cassette having a
main body 694 with & rounded rear and front walls, such that the sidewalls of the cassstte

are curved. The cassette can include a gulde mechanism 695 that can fitin siotted track of

a filter bay assembly. Figure 22 is a diagrammatic representation of another embodiment of
a casselie having an elliptical main body 6398 from the side. The cassette can include 2
guide mechanism 687 that can fit in slotted frack of a filter baj assambly. Figure 23 ig
another embodiment of a cassetie, with a cylindrical main body 698 and guide mechanism
689. The various examples of cassette shapes are provided by way of example and other
cassatte profiles, in some embodiments comprised from symmetrical fnain body portions,
can be used. Furthermore, the filter element within the cassetis may have any desired
shape, including a tubular shape curved about & central core.

Atthough specific embodiments have been described, these embodiments are merely
fllustrative, and not restrictive of the invention. The description herain.of Hiustrated
embodiments of the invention, including the description in the Abstract and Summary, is not
infended to be exhaustive or to limit the invention to the precise forms disclosed herein (and
in particular, the inclusioi‘; cf' any particular embodiment, feature or function within the

~ Abstract or Summary is not intended to fimit the scope of the invention to such embodimant,

feature or function). Rather, the description is intended to deseribe Hlustrative embodiments,
features and functions in order to provide a person of ordinary skill in the art context to
underetand the invention without fimiting the invantion to any particularly described
embodiment, feature or function, including any such embodiment feature or function
described in the Abstract or Summary. While specific embodiments of, and exampiles for,
the invention are described herein for liustrative purposes only, various eguivalent
modifications are possible within the spirit and scape of the invention, as those skilled in the
relevant art will recognize and appreciate. As indicated, these modifications may he made o
the invention in fight of the foregoing description of llustrated embodiments of the invention
and are to be included within the epirit and scope of the Invention. Thus, while the invention
has been described herein with reference to particuiar 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 correspending use of other features without departing
fram the scope and spitlt of the invenfion ag set forth. Therefore, many modifications may be

’
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made to adapt a particular situation or material to the essential scope and spirit of the
invention. For example, the membrane can be surface modified by chemica! coating,
plasma freaimemt, laser or lamp treatment and the like to include ion exchange groups,
hydropilic groups, hydrophobic groups and other functional moieties.

Reference throughout this specification to "one Embédiment". "an embodiment”, or "a
specific embodiment” or similar terminology means'that & p‘adicular feature, structure, or
characteristic described in connestion with the embodiment is included in at least one
embodiment and may not necessarily be present in all embadiments. Thus, respective
appearances of the phrases "in one embodiment“, “inn an embodiment”, or "in @ spegific

- ambodiment” or similar terminology in various places throughout this specification-are not

necessarily referring to the same embodiment. Furthermore, the particulér features,
structures, or characteristios of any particular embodiment may be combined in any suitable
manner with ona or more otﬁer embodimeqts. It is to be understood that other variations and
modifications of the embodiments described and liustrated herein are possible in light of the'
teachings herein and are to be considered as part of the spirt and scope of the invention,

in the desocription hereln, nurmercus specific details are'-providad, such as axamples of
sotmponents andfor 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 appara‘tus,‘
systerns, assemblies, methods, components, materials, parts, and/or the like. In other
instances, well-known structures, components, systems, materials, or operations are noft
specifically shown or described in detail to avoid obscuring aspacts 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 emboediment and a person of ordinary
kil in the art will recognize that additional embodiments are readily understandable and are

& part of this invention.

it will also be appreciated that one or more of the elements depicted in the drawingsfigures
can also be implemented in a more separaied or integrated manner, or even removed or
rendered as inoperable in certaln cases, as is useful in accordance with a particular
application, Addifionally, any signal arrows in the drawings/figures should be considered only
as examplary, and not imiting, unlegs othenise specifically nofed.

" orel

As used herein, the terms "comprises,” ‘comprising,” “includes,” "including,” "has,” "having,"

or any other variation thereof, are intended 1o cover a nop-exclusive Inciusion. For example,



a process, product, article, or apparatus that comprises a list of elements is not necessafi!y
lirnited only those elements but may include other elements not expressly listed or inherent
to such process, process, article, or appara’cus,

[0011'7] Furthermore, the term "or" as used hersin Is generally intended o mean "and/or” unless
otherwise indicated. For example, a sondition A or B is satisfied by any one of the
folfowing: A Is true (or present) and B Is faise {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 t'ﬁe
claims that follow, a term preceded by “&" or "ar” (and “the" when antecedent basis is “a" or
"an") includes both singular and piural of such term, unless clearly indicated within the claim

| otherwise {i.e, that the reference "a” or "an" dearly indicates only the singular or only the

plural). Alsc, as used in the description herein and throughout the claims that follow, the
meaning of "in" includes "in" and Yofi" unless the context clearly dictates otherwise. The
scope of the present disclosure should bs determined 5y 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 filier outiet spaced
from the filter inlet defining an outlet flow path, the filter housing defining a filter cavity at least
partially defined by an upsiream sidewall, a downstream sidewall, a third wall running from the
upstream sidewall to the downstream sidewall and a fourth wall running from the upstream
sidewall to the downstream sidewall, 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 filler 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 fiiter element further comprising a rectangular pleated filter with a set of pleats
having a first set of pleat tips facing the upstream sidewall on an upstream side of the filter
element and a second set of pleat tips facing the downstream sidewall 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.

2. The filter assembly of Claim 1, wherein:

the set of pleats are pleated parailel {o a long axis of the filter cavity; and

the filter element is potted to seal a first end of the filter 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 Claim 1, further comprising a flow guide disposed between the
inlet and the filter element, the flow guide configured to direct flow from the iniet to an upstream

sidewall.
4. The filter assembly of Claim 1, further comprising a shifted paralielogram filter holding

area, wherein the filter element is disposed in the shifted parallelogram fitter holding area such
that the first set of pleat tips and the distance between the first set of pleat
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tips and the upstream sidewall 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 sidewall and the downstream sidewall.

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

6. The filter assembly of Claim 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 fitter housing.

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

8. The filter 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 sidewall.

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

1. The filter assembly of Claim 8, 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 info an upstream portion of a
filter cavity through an inlet defining an inlet flow path in a first direction;
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rediracting the liguid in 2 second direction fo an upstream sidewall on an upstream sida
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 io a downstream portion of the filter cavity,
wherein o provide normal flow fitiration and wherein the primary flow path through the filter
element is perpendicular o the flow path through the filter inlet; and

directing fluid to an outiet fluidly coupled to the downstream portion of the filier cavity.

13. The method of Claim 12, whersin the pleated filter acts as the fiow guide.

14. The method of Claim 12, wherein the pieated filter is disposed as a shifted
paralietogram. '

15, The method of Claim 12, wherein the second direction is perpendicular fo the first
direction.

18. The filter assembiy of Claim 1, wherein:

the fitter 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 frorm a bottom of the filter
cavity and sidewall offsets projeciing info the filter cavity from the upstream sidewalt;

the pleated filter is pleated parallel {0 a long axis of the filter housing, is supported by
the botiom offsets and comprises a fop pleat and a bottom pieat, wherein the bottom pleat
overiaps the filter inlet and the top pieat does not overlap the filler cutlet;

a filter cover disposed on a downsiream side of the filter element; and

wherein the pleated fiiter is disposed in 2 shifted paralielogram fitter holding area.

17. The filter assembly of Claim 1, further comprising a vent open fo 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 matertial 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.

34



