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MODULAR FILTRATION SYSTEM

RELATED APPLICATIONS

This application claims the benefit of United States Provisional Patent Application No.
61/542,645, entitled “Modular Filtration System,” filed October 3, 2011 and United States
Provisional Patent Application No. 61/613,886, entitied “Modular Fiitration System,” filed
March 21, 2012, both of which are hereby fui!y incorporated by reference herein.

TECHNICAL FIELD

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

BACKGROUND

Semiconductor manufacturing processes are highly sensitive to contamination because
depositing even a tiny particle on a semiconductor wafer can lead to defects. Therefore, it is
common to employ ultraclean filters having membranes that rem'ove submicron particles.
Although different filtration modules have been developed to filter semiconductor
manufacturing liquids, many existing filter modules are cylindrical, having a housing with a
one-piece cylindrical bowl or sleeve in which the filter membrane res%dés. Typically, these
filters contain a circular pleated filter membrane that encircles a hollow core. Fluid enters
the filter module from the top, flowing between the filter membrane and the housing, passes
through the filter membrane to the hollow core and exits the module out the top.

Existing cylindrical filter modules suffer several shortcomings. One deficiency is that the
circular pleated membrane unduly restricts fluid flow because the membrane must be more
tightly packed towards the center in order to achieve the circuiar configuration. Another
deficiency is that the cylindrical housings are molded or extruded as single pieces, making it
difficult or impossible to add geometries that run perpendicular to the cylinder’s axis.
Furthermore, many existing filter modules are difficult to install and replace. Since many
liquids used in semiconductor manufacturing are corrosive or toxic, filter module
replacement presents a danger to workers.



[0005] Current filtration systemns that erploy cylindrical filters have limited configurability. In many
cases, filters are connected through multiple units in a fixed configuration, making it difficult
to change the flow through the filters from serial fo parallel as needed. Additionally, many
filiration systems use only a single type of filter, limiting the ability to apply different filters for
different purposes or particle sizes in a single filtration system.

SUMMARY

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

[0007] According to one embodiment a filtration system for filtration of liquids can comprise a non-
cylindrical removable filier cassette having a filter inlet port and a filter outlet port, a filter
cassette holder configured to receive and retain the filter cassetie, and a main assembly.
The main assembly can further comprise a filter inlet interface pori configured 1o receive the
filter inlet port, and a filter outlet interface port configured to receive the filter outlet port and
can define flow paths to direct flow to and from the filter cassette. The filter cassette holder
may be movably coupled to the main assembly such that the filter cassetie is movable
relative to the main assembly from an unmated position fo a mated position. -

[0008] The filtration system may further include a set of fiiter cassetie receiving area sidewalis at
least partially defining a filter cassetie receiving area open at a first end to receive the filter
cassette. The receiving area sidewalls may be spaced to abut and support the filter
cassette sidewalls. Consequently, less material may be required to manufaciure the
disposable filters. The filter cassette receiving area and filter cassetie may be keyed such
that the filier cassette has a proper orientation relative fo the cassetie receiving area.
According to one embodiment, the cassette holder further comprises a sheath defining the
filter cassette receiving area. The sheath may overiap a majority of the filter cassette and
allow insertion of the filter cassette into the sheath through linear motion. The sheath can
be rotatably coupled {o the main assembly such that the filter cassetie is rotatable from the
unmated position {o the mated position. in the unmated position, the filter cassette can be
tilted downward away from the filfer inlet port. According to another embodiment, the filter
cassette receiving area may be defined by a filter bay assembly. A filter cassette holder
disposed in the filfer bay may be coupled to an elevator and may move the filter cagsetie
from g mated fo an unmated position through linear vertical motion.

{0009} According to one embodiment, the main assembly further comprises a base portion
extending below the filter cassefte holder, the base portion coupled to the filter inlet
interface
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port. The main assembly may further include a support arm overhanging the filter cassette
holder, the support arm coupled to the filter outlet interface port. The main assembly may
further comprise a guide member defining a first track and a second track. The sheath may
comprise a sheath guide pin disposed in the first track and the support arm rriay comprise a
support arm guide pin disposed in the second track. The first and second track may be
shaped so that rotation of the guide member from a first guide member position o a second
guide member position causes the filter infet port to mate with the filter inlet interface port
before the filter outlet interface port mates with the filter outlet port.

Anocther embodiment may include a filtration systern for filtration of liquids, comprising a set
of non-cylindrical removable filter casseties having a filter inlet port and a filter outlet port, a
set of filter cassetie holders configured to receive and retain the set of filter cassettes in a set
of filter cassette receiving areas and a main assembly further comprising filter inlet interface
ports configured to receive the filter inlet ports and filter outlet interface ports. The main
assembly may define flow paths to direct flow to and from the filter cassettes. Each filter
cassette holder may be movably coupled to the main assembly such that a corresponding
filter cassette is independently movable relative to the main assembly from an unmated
position to a mated position. According to one embodiment, the filter cassette hoiders may
be arranged in a row.

Thus, for example, one embodiment of a filtration system for filtration of liquids can comprise
a first non-cylindrical removabile filter cassette having a filter inlet port and a filter outlet port
and a second non-cylindrical removable filter cassette having a filter inlet port and a filter
outlet port. The filtration system may further include a first filter cassette holder configured to
receive and retain the first filter cassette and a second filter cassette holder configured to
receive and retain the second filter cassette. The filtration system may further include a
main assembly. The main assembly can further comprise filter inlet interface poris
configured to receive the filter inlet ports, and filter outlet interface ports configured to receive
the filter outlet ports. The main assembly can define flow paths to direct flow to and from the.
first filter cassette and second filter cassette. According to one embodiment the first filter
cassette holder may be movably coupled to the main assembly such that the first filter
‘cassette is movable relative to the main assembly from an unmated position to a mated
position. The second filter cassette holder may be movably coupled to the main assembly
such that the second filter cassette is movable relative to the main assembly from an
unmated position to a mated position. The first and second cassefte holders may move
together or independently.
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Fach filter cassette holder further may camprise 2 sheath defining a corresponding filier
cassetie receiving area. Thus, for example, the first filter cassetie holder may be a first
sheath defining & first filter cassetie recaiving ares and te second filter cassetle holdar may
be a secand sheath defining & second filter casselle recelving arsa. According to one
smbodimant, each sheath may be rotatably coupled te the main assembly such that the
corresponding filter cassette is rotatable from the unmated poéition to the mated position.
When the corresponding fiiter cassetle is in the unmated position, the corresponding fltar
cassette maybe tiited downward away $rom the filler inlat port. In ancther embodiment, a set
of fliter béys. may defing the filter cassatts raceiving areas (for example, a flrst filter bay .
assembly may define the first filter cassetie receiving area and a second filter bay assembly
may define the sémnd filter cas_éeﬁe receiving area). The filter cassetie holders may be
coupled o elevators thet impart linear vertical motion 1o the filter casseties holders {0 move
the comespanding casselies from an unméted position {0 2 mated position (s.g., a firat

_slevator may move the first filler cassette holder and a second slevator may move the

seeond filisr cassette holder or & singie elevator may move both the first and second filter
casselte holders). B ‘

The main assembly may further comprise 2 base porlion below the set of filter cassatte
holders, the base porfion coupled to the filter inlet interface ports. The mainﬂassembly may
further cnmporize 5 seof of support arms overhanging the sat of filter cassetts holders. The set
of support arms may be coupled to the filter outlet interface porls. For example, a firs
support arm may sverhang the first {itter cassetie hoider and & second support ann may
overhang a second filter cassette holger.

The main assambly may further comprise a set of guide members, each guide member
daefining a first track and a second track, Each sheath can comprise a sheath guide pin
disposed in the first track of a coresponding gulde member and eash support arm can
cormprise a support arm guide pin dispesed in the second track of a corresponding guide
member, In one embodimant, a Tirst guids mermbear may r:ieﬁne a first guide member inner
lrack ang a first guicle member outer track and a second guide member may define & second
guide mamber innar track and second guide member outer track. A first sheath may
somprise a first sheath guide pin disposed in the first guide member inner track, the first
suppart arm may comprise a first support arm guide pin disposed in the fitet guide member
outer track, s second sheath may comprise a second sheath guids pin disposed in & second
guide: member inner frack and & second support arm may comprise a second support arm
guide pin disposad in & second guide member oulter frack. The first and second track can be
shaped so thal rotation of the guide member from 2 first gulds member posifion to a second
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gulde member position ¢auses a comresponding sheath to rotate such that the filter inlet port
of the corresponding fliter cassetie mates with a corresponding filter inlet interface port
befare the filter cutlet interface port mates of said correaponding filter casesite maies with a
correspanding filter outiet port. '

The set of filter cassettes may be cormacted in =eries or in parallel. For exarmple, a first and
sacond filter cassette may be connected In series of parallel. The main assembly may

comprise & set of reconfigurabls flow paths so that the manner in which the filter casseties

. are connacted can change.

Anc:ithe,r emhodiment of a filtration sysiem can comprise 2 sel of walls defining a filter bay
_ with straight sidewalls, the filter bay open at a first end to receive a non-cylindrical fitter

sassetts. The sidewsalls may be spacsed 1o abut filler cassetie swiswalls when the filter
vassstte is received in the bay. The filiration system may further somprise a manifald
comprising a filier inlet intarface port and a filter outlet interface port positioned over the bay.
The filtvation gystem may still further comprise & filter casseite holder configured to receive
and retain the nbn-éylindﬁcal filter cagsette. An elevator méy be coupled to the filler cassetie
holder operable io impart linear verticsl moftion to the filier cassetle holder to move the filter
caszetie from an unmated to a mated position. A

Ancthar smbodiment of a filtration sysiem can nclude a main zssembly having & first porfion

gxiending below a filter area, the first portion comprising a filter Inlel inlerface port and a
second partion spaced from the first portion and extending above the fliter area, the second
portion compriging a filter outlel interface port and rotatable relative {o the first porfion akout
a first axiz of rotation. The fittration system may further comprise a sheath disposed in the
filter area, the sheath open at a first end o receive a nen-oylindrical filter cassette having a
filter nlet port and & filter ouilet port, the sheath comprising a set of sidewalls spaced fo ahust
sidewalls of the filler cassette when the filler cassetre (s received in the sheath, The gheath
may ba rotatable relative to the first portion of the main assembly and the second portien of
the maln assembly. The sheaih can bs rotatable to rotate the filter cassetle received in the
sheath from a first position corres;'mnding to a position in which the Tilter infst port is not
mated with the filter Inlet inlerface port to 2 second position in which the filier Inlet port s
mated with_the filter nlet interface port, Moreover, the sscond portion of the main assembiy
can be rotatable from g first position corresponding to a position in which the oullet interface
port is not mated with a fiter ouliet por’c to a second position corresponding tv & pesition in
which ihe filter outlet interface port is mated with the filter outlet port.
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Aosording to one embodiment, a filer assembly may include 2 rectanguiar filter element
withoyt = filter cage or core (non-cylindrical). The fiter element may inciude a relatively
flimay membrane consirained directly by the main shell. A membrane.cover may hold the
meambrane in place. The four sides of & fliter housing r'ﬁay be bonded or otherwise coupled
together to fully encapsuiate the fitter slement.

A filter cassetie can comprise a fiiter housing having z filter inlet defiving an iniet flow path
and a filter outlet spaced from the filter inlet rﬁeﬁniﬂg an auﬂét fiow path, The filtar housing
may define a filter cavity comprising an upstream f::orﬁon of the filter tavity in fluid
communication with the inlet and a downstream pottion of the fiiter cavily in fluid
sommunication with the outlet. The fitter slemenit may further comprise & filter alemert
dispozed in-the filler cavity, The filler slemeni may at least partiauy averlap the filler inlet on

" & first side of the filter element. The fiter slement may separate the upstream porlion of the

filter cavity frorn the downstream portion of the filter cavily by & potting material. The filter
slement may oompriss é rectangular pleated filter with 2 set of pleals having a first set of
pleat fps on an upstre‘ém side of the filter element and a second sat of pieat tips on a
downstream side of the pleated filter. The first set of pleat tips form a generally planar
restangulat entrance interface with the upstrearm portion of the fiiter cavity. The second st
of pleat tips may form a generally planar rectangular exit interface with the downstream
partion of the filter cavity. The fiiter slement may be disposed in & shifted paralielogram filter

holding arsa.

The fitter casgetle may include a flow guide disposed between the inlet and the fiter
alament, tha flow guide configured to direct flaw fram the inlet to an upstream sidewsall, The
filter cassetie may further include a filter cover atlsast paniafly defining the filter slement
hiolding ares. A first membrane flap and a second membrans flap of the filler elament may
be ratained batween the fiter cover and the filker housing. Fotting may seai a first end of the
filtet elermneant and second end of the filter element.

The filter cavity may be at least partially defined by an upstream sidewall, a downsiream
sidewsll snaoad from the upsiream sidewall, a third wall running from the upstream sidewail
to the downstream sidewall, and s fourth wall running from the upstream sidewall to the
downstream sidewall and sp‘ced from the third wall. The filter element can be shifted
toward the upstream sidewall such that a disiance between the fiter element and the
upsiream sidewall decreases in'a direstion from the third wall to the fourth wall. The filter
inket may interface with the filter cavity at the third wall and the outlst may interface with the
filtar cavity at the fourth wall, The filter cavity may be further defined by 2 fifth wall and a
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sixth wall. The iniet can interface with e filter cavity ai the fith wall and the outlst can
intedface with he fliter cavily 2t the sixth wall.

The upsiream porﬁon of the filter c'éviiy may ba 5hapar;€ such that the upé@raam portion of the
filter cavity has a decreasing hydraulic diameter away from the filter iniet and the
downgtraam partion of the fiter cavity is shapad o have an increasing hydraulic diameter
toward the outled.

Anothar embadiment may include 2 filter housing having a filter inlet defining a vertical inet
fiow pat}{ and a fitter cutlet spaced from the filter iniet, the filter outiet defining a vertical cullst
flow path The filter housmg may comprisa an upstieam sidewall and a downstream sidewall |
and defing & filler cawty hraving an upstream portion in fuid communication with the flitsr
inlet andg & downstream portion in fuid communication with the ouflel, A filter element may
he dispased in the filter cavity. The filter element may be pofted and separats the upstream
portion of the filter cavily from tﬁe downstream porfion of the filter cavity. The filtar element
may comprise a rectanguiar pleated filter with a set of pleats having a first sat of pieat tips on
an upstream side of the filter element and a second set of pleat tips on a downsiream é‘zde of
the filter elemant. The pleated filter disposed in & shifted parallelogram filter holding area.
One embodiment can furher inciuds a flow guide to direct flow from the infet to the .upétream
sidewall, The plested fiter itzell may act as the flow guide or the flow guide may be
disposed between the filler element and the inlst,

Yet another embodirment may comprise a method for filtering a liguid. The methor may
include receiving tiguld iro an upstream portion of g filter cavity thraugh an inlst defining an
infet flow path in a first direction. The method may further include redirecting the llquid ina
second direction to an upstream sidewall on an upstream side of & filter elerment uging & flow
guide, The methed may further includs waﬁmg a fziter slgment that comprises a pleated filter
with & set of pleats having a firet set of pleal tips on an upstream side of the fller element
and a seaond set of pleat tips on a downstream side of the filter element. The fiuid can be
directed through the fiiter element fo a downsiream portion of the filier cavity 1o provide
normal flow filration and to an outlet Ruidly coupled o the upstrearn portion 'af the filter
cavily. '

Another embodiment can include a filter housing having an infet defining a vertical inlet flow
path and an outlet spaced from the inlet defining & vertical outlet flow path. The filter
housing can comprise an upstream stdewall and a downstream sldewall and can define a

" filter cavity having an upstream portion in fluid communigation with the nlet and 2

downstream portion in fluid communication with the outlet. The upsatream portion of the filter
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cavity comprises a first portion adjacent to the upsiream sidewall and a second portion
fluidically coupling the inlet fo the first portion of the upsfream portion. A filter element may
be disposed in the filter cavity at least partially overlapping the iniet 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 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, wherein
the first set of pleat tips form a generally planar rectangular entrance interface with the
upstream portion of the filter cavity.

In many current filtration systems, a single filler is responsible for filtering an entire fluid
stream. Consequently, the filter used is selected based on the finest particle size to be
filtered. This means that a fine granularity, typically expensive, filter is used to filter both
large and smali particles, causing undue wear. Embodiments of filtration systems
described herein may allow for filtering in series, providing an advantage over traditional
filtering systems in which a single filter is used. Prior to the last filter, other, potentially
cheaper, filters can be used to pre-filter out larger particles. This may resuit in reduced
deterioration or extending the capacity of the final filter.

As another advantage, many manufacturers use filtering systems distributed throughout a
manufacturing system (e.g., at point of entry, in the subfloor, at the manufacturing tool). A
filtration system that allows for filtering in series in a single filtration unit can do away with
the need for multiple separate filiration systems and may allow all the filtering to take place
at a single point in the manufacturing system.

Embodiments described herein can reduce or eliminate problems associated round fillers
by utilizing a rectangular pleat pack. For rectangular pleat packs, the pleat pack density
may remain uniform through the device, which can maximize the effectiveness of the
filiration 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.

As another advantage, a rectangular shaped pleat pack may allow for taller pleats than that
of a round filter cartridge. Therefore, the 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.

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}, which may
allow for



geometry, such as ribs (with flow spaces), 10 be created perpendicular fo the pleat direction.
This may provide the pleat pack support directly in the shell/housing, eliminating the need
to have a separate cage o support the outside geometry of the pleat pack.

According to a first aspect of the current invention, there is provided a filtration system for
filtration of liquids, comprising: a non-cylindrical remaovable fitler cassetie, the filter cassette
comprising: a filter housing comprising filter housing sidewalls defining a filter cavity having
an upstream portion and a downstream portion; a filter element disposed in the filter
housing; an inlet port in fluid communication with the upstream paortion of the filter cavity;

an outlet port in fiuid communication with the downstream portion of the filter cavity, a filter
cassette receiving area open at a first end and having a set of filter cassetfe receiving area
sidewalls; a filter cassette holder configured to receive and retain the filter cassettg, the
filter cassette hoider configured {o hoid the filter cassette in the filter cassetie receiving area
with the filter housing positioned between the set of filter cassette receiving area sidewalls
and configured to hold the filter cassetie in an unmated paosition in which the filter inlet port
and outlet port are not engaged with corresponding filter interface ports; and a main
assembly further comprising a filter inlet interface port configured to receive the filter inlet
port, and a filter outlet interface port configured to receive the filter outiet port and defining
flow paths 1o direct flow fo and from the filter cassette; and wherein the filter cassette holder
is movably coupled to the main assembly such that the filter cassetie retained by the filter
cassette hoider is movable relative to the main assembly from the unmated position 1o a
mated position in which at least one of the filter inlet port or filter outiet port is engaged with
the corresponding filter interface port.

According to the second aspect of the current invention, there is provided a filtration system
for filtration of liguids, comprising: a set of non-cylindrical removable filter cassettes having
a filter inlet port and a filter outlet port, each of the filter cassettes comprising: a filter
housing comprising filter housing sidewalls defining a filter cavity having an upstream
portion and a downstream portion; a filter element disposed in the filter housing; an inlet
port in fluid communication with the upstream portion of the filter cavity; an outlet port in
fluid communication with the downstream portion of the filter cavity; a set of filler cassette
receiving areas open at a first end and having a set of filter cassetie receiving area
sidewalls; a set of filter cassette holders configured to receive and retain the set of filter
casseties in the set of filter cassette receiving areas; and a main assembly further
comprising filter inlet interface ports configured to receive the filter inlet ports and filter outlet
interface ports configured to receive the filter outiet ports and defining flow paths to direct
flow o and from the filter cassettes; and wherein each filter cassette holder is movably
coupled to the main assembly such that a corresponding filter cassette retained by that filter
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cassetie holder between the filter cassetie receiving area sidewalls and is movable relative
to the main assembly from an unmated position in an unmated position in which the filter
inlet port and outlet port are not engaged with corresponding filier interface ports to a mated
position in which at least one of the filter inlet port or filter outlet port is engaged with the
corresponding filter interface port, wherein each filter cassette holder is independently
movable from other fitter cassetie holders.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The drawings accompanying and forming part of this specification are included to depict
certain aspects of the disclosure. It should be noted that the features illustrated in the
drawings are not necessarily drawn to scale. A more complete understanding of the
disclosure and the advantages therecof 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:

[0032] FIGURE 1 is a diagrammatic representation of one embodiment of a filter assembly;

[0033] FIGURES 2A-2C are diagrammatic representations of one embodiment of a filter assembly
arranged as a filter cassette;

[0034] FIGURE 3 is an exploded view of one embodiment of a filter assembly;

[0035] FIGURES 4A-C are diagrammatic representations of one embodiment of a main shell
housing portion;

[0036] FIGURE 5A-B are diagrammatic representations of one embodiment of a second housing
portion;

[0037] FIGURE 6 is a diagrammatic representation of one embodiment of a filter cover;

[0038] FIGURE 7 is a diagrammatic representation of a cross section of one embodiment of a filter
cassefie;

[0039] FIGURE 8 is a diagrammatic representation of one embodiment of coupling a filter cover to
a main shell;

[0040] FIGURE 9 is a diagrammatic representation of a view of one embodiment of a filter
cassetlte;

[0041] FIGURE 10 is a diagrammatic representation of the hydraulic profiles of one embodiment of
a filter cassette;

[0042] FIGURE 11 is a diagrammatic representation of another embodiment of a filter cassette;
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FIGURE 12is a diagramraatic repregsentation of one embadimeant of a filter tassette with
potting; ’

FIGURE 13 ig a diagrammatic representafion of another embodiment of a filler assembly;

FIGURE 14 Is a diagrammatic representation of yet another embadiment of & filtar agsembly;

FIGURE 15 is a diagrammatic representation of ong embodiment of a fiter cassells;

FIGURES 16A-16C are. diagrammatic representations of additional views of one
embadiment of a filter cassetie;

FIGURE 17 is & dizgrammatic representalion of one embodiment of a housing of a filter
casselts,

FiGURE 18ig 2 diagra‘mmatic representation of portions of & filter housing;

FIGURE 18 is & diagrammatic representation of oné embodiment of a filter alemem holder,
FIGURE Z0is a diagrarrmaﬁc representation of anciher emhodiment of a filker cassslte;
FIGURE 21 Is a diagrammatic represeniation of another embodiment of 2 ﬁ?t;ar tassette;
FIGURE 22 is 2 diagrammatic Tapressntation of another smbodiment of a filter cassatie
FIGURE 23 ig a diagrammatic represan;(aﬁon of another embodiment of a filler cassetie;

FIGURE 24 is & diagrammatic represeniation of one embodiment of a filtration aystem for

recaiving a filter casesils,

FIGURE 25 is a diagrammatic representation of another smbodiment of ar aesembly for
racaiving a fitter;

FIGURE 26 Is @ diagrammatic representation of ons embodimart of & sheath for receiving &

fitter cassettes;

FIGURE 27 is & diagrammalic representation of one embodiment of & filtration systern that
accommodates muliiple filters;

FIGURE 28 is a diagrammatic representation of ane smbodiment of a filtration system that
accommodales multiple filters, cbnﬁgunad for paraliel filtration; -
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FIGURE 29 is a diagrammatic representation of one embodiment of a filiration system that
accommodates multiple filters, configured for serial filtration;

FIGURE 30 is a diagrammatic representation of another embodiment of a filiration system
that accommodates multiple filters;

FIGURES 31A-B are diagrammatic representations of one embodiment of a port block;

FIGURE 32 is a diagrammatic representation of one embodiment of filtration system that
accommodates multiple filters;

FIGURE 33 is a diagrammatic representation of one embodiment of filtration system that
accommodates multiple filters, configured for parallel filtration;

FIGURE 34 is a diagrammatic representation of one embodiment of filtration system that
accommodates muttlpie filters, configured for serial filtration;

FIGURE 35 is a diagrammatic representation of one embodiment of filtration system that
accommodates multiple filters, configured for a combination of parallel and serial filtration;

FIGURE 36 is a diagrammatic representation of one embodiment of filtration system
illustrating vent paths;

FIGURE 37 is a diagrammatic representation of another embodiment of a filtration system
that accommodates multiple filters;

FIGURES 38A-B are diagrammatic representations of a cassette moving from an unmated
to a mated position;

FIGURE 39 is a diagrammatic representation of one embodiment of a filter bay assembly;

FIGURE 40 is a diagrammatic representation of .an embodiment of a filter bay assembly in
which a filter cassette holder moves from a first to a second position;

FIGURE 41 is a diagrammatic representation of one embodiment of a portion of a main
assembly,

FIGURE 42 is a diagrammatic representation of one embodiment of a portion of a main
assembly with a second manifold installed;

FIGURE 43 is a diagrammatic representation of another embodiment of a main assembly;
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[0075]) FIGURE 44 is a diagrammatic representation of one embodiment of installing filter bay
assemblies in a housing;

[00768]) FIGURE 45 is a diagrammatic representation of one embodiment of installing a second
manifold;

[0077] FIGURES 46A-C are diagrammatic representations of one embodiment of 2 manifold
configured for serial flow;

[0078] FIGURE 47A-B are diagrammatic representations of one embodiment of a manifold
configured for parallel flow,;

[0079] FIGURES 48A-B are diagrammatic representation of another embodiment of a manifold;
[0080] FIGURE 49 is a diagrammatic representation of one embodiment of a dummy cassette;
DETAILED DESCRIPTION

{0081] Filters and filtration systems and the various features and advantageous details thereof are
explained more fully with reference to the nonlimiting embodiments that are illustrated in the
accompanying drawings and detailed in the following description. Descriptions of weli-
known starting materials, processing techniques, components and equipment are omitted so
as not to unnecessarily obscure the invention in detail. It should be understood, however,
that the detai!e.d‘description and the specific examples, while indicating preferred
embodiments:are given by way of illustration only and not by way of limitation. Various
substitutions, modifications, additions and/or rearrangements within the spirit and/or scope of
the underlying concept will become apparent to those skilled in the art from this disclosure.

[0082] Embodimenis described herein relate to filtration systems for the filiration of liquids. In
particular, embodiments described herein provide filtration systems for filtering
semiconductor process fiuids including chemicals used in wet etch and cleaning
applications. For example, embodiments can be applied to filtering chemicals in
photolithographic processing (photochemicals). Photochemicals include materials such as
primers, adhesion promoters, photoresists, edge bead removers, anti-reflective coatings,
developers, dielectrics, and the like. The chemicals can be filtered at the point of use (POU),
the subfloor or elsewhere.

[0083] According to one embodiment, a filtration system can use one or more non-cytindrical
removable filter casseties having inlet ports, outlet ports and vent ports as needed. A main
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assembly provides fluid flow paihs for fluid feed into and out of the filter cassette. The fluid
flow paths of the filtration system can be reconfigurable so that fluid can be provided to the
filter cassettes in different manners (e.g., in parallel, in serial or a combination thereof). The
filter cassettes may be installed and removed in manner that reduces or eliminates dripping
of chemicals using vertical motion or a tipftilt mechanism.

According to one embodiment, the filter may engage with the main assembly using O-ring-
less fittings and fitting assemblies as described in United States Patent No. 7,547,049
entitled “O-Ring-Less Low Profile Fittings and Fitting Assemblies” by Gashgaee et al., issued
June 16, 2009, which is hereby fully incorporated by reference herein, or other connection
mechanism. In other embodiments, the filters may use a connection mechanism such that
ports can connect through rotation such as described in United States Patent No. 6,378,807,
entitied “Connector Apparatus and System Including Connector Apparatus” issued April 30,
2002, United States Patent No. 7,021,667, entitled “Connector Apparatus and System
Including Connector Apparatus” issued April 4, 2008, United States Patent No. 7,296,582,
entitled “Method and System for Purging a Dispensed Fluid Within a Fluid Dispensing
System Including a Filter-Free Connector Apparatus,” issued November 20, 2007, United
States Patent No. 7,350,821, entitled “Method and System for Purging a Dispensed Fluid
with a Fluid Dispensing System Including A Filter-Free Connector Apparatus,” issued April 1,
2008, United States Patent No. 7,037,424 entitled “Connector Apparatus and System
Including Connector Apparatus,” issued May 2, 20086, each of which is hereby fully
incorporated by reference herein.

The filter cassettes may be conﬁgéred to provide normal flow filtration {(NFF), in which fluid is
convected directly toward the filter membrane under applied pressure. Particles that are too
large to pass through the pores of the membrane accumulate at the membrane surface or in
the depth of the filtration media, while small molecules pass through membrane pores to the
downstream side. According to one embodiment, the filter casseftes can be selected to
remove micron and/or submicron particles (e.g., including particles of 100nm or less).
Mutltiple filters may be applied in series in a single fiftration system unit to successively
remove smaller particies or different types of particies. The finest filter can be placed last in
series so that larger particles are filtered out prior to reaching the last filter. This can reduce
wear on the finest, typically most expensive, fitter.

in one embodiment, the filter cassettes use non-circular pleated filter elements. For
example, one embodiment may include a pleated filter with a first set of pleat tips facing the
upstream portion of the filter cavity and a second set of pleat tips facing the downstream
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portion of the fter cavity. The first set of pleat ips may be generally aranged i a first plane

and the second set of pleat fips may be generally arrangad in a second plane. According to

one embodiment the filter element may provide a generally planar rectangular entrance interface and a
generally planar rectangular exit interface. The use of rectangular pleat

packs can provide significant additional filtration in same footprint as traditional

semiconductor liguid fillers.

anurn 1 is a diagrammalic represemaﬁ:}n of one embodiment of a filter gasembly 100

having a filter housing 105 defining a filfer cavity 110 divided into an upstream partion ‘215
and downstream portion 120 by & filter slement 125 disposed in the filter cavity 110, Filler
glernent 125 can be any sultable filler media induding, but not fimited to pleated filters, depth
fitters, hollow fiber membranes, or other fiiters. In one embodiment, filier elernent 125
comprises & rectangular pleat pack. The pleats of the filter can be formed from a single
membrans or multiple membranes formed from the same or different materials, Addifionally, -
polymaric netting materials and other materials may be pleaisd with the membrane.

A filter inlet port 130 is located upstraam of filter elsment 125 and 2 filtsr outlet pori 135 ie
focated downstreasm of filter element 125 (from a fuid flow persp&oﬁvé ruriring through the
filter). Eiltar vent ports (e.g., filier vent port 140) can be located upstrearm andfor
downsiream of fiter alarment 125, According o one embodiment, filter inlei port 130 defines
an upwardiy vertical inlet flow path, filter outlet port 125 defines an upwardly vertical autlet
flow path and filler vent port 140 defines an upwardly vertical vent flow path. Preferabiy,
filter vent port 148 is open to the upstream portion 115 of the flitar céi:ity at the highest point
possible go that any ges in upstréam portion 115 naturally rises to filter vert port 140.
Simifarly, an outlet vent port can be provided that preferably is open to the downstream
portmn 120 of tha fliter cavity al he highest poini possible eo that any gas in downstrearm
pmmon 120 naturally rises to vent port 140, I a downsiream vent port is not provided, it may
be preferable 1o have the outist port al the highest possible location eo that all air on the
outlet side i purged at starilie and does not reside or collect in the filter. Vent ports can be

fluidly coupled {o valves.

The vent ports {or corresponding ports it the manifold} may be pfessure aotuated with an
actuation pressure that is greater than the driving pressures of the fluid. Manual valves can
also be used. For example, the filter or manlfold can inciude valves, such as poppet valves
or ather valves so that gas iz ey ventad when It exceeds & particular pressure (e.g., Bpel

above the expected oparating pressure of filker sssembly 100) or volume. The poris can
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comprise Connectology connections from Entegris, Inc. of Billerica, MA, Swagelok fittings or
other connection capable of fluidic sealing.

To efficiently place ports in a footprint, a pleated area of filter element 125 may overlap filter
inlet port 130, filter outlet port 135 and/or filter vent port(s} 140. However, if the flow of fluid
entering the filter assembly 100 is sufficient, fluid flow directly impacting filter element 125
may damage it. Accordingly, a flow guide 150 (e.qg., a baffle, tubing or other flow directing
structure) disposed between filter element 125 and the inlet can obstruct flow aiong the axis
of the inlet and redirect flow toward upstream sidewall 155. While flow guide 150 is
illustrated as extending generally perpendicular to the axis of filter inlet port 130, flow guide
150 may be arranged at other angies. In other embodiments, the flow may be low enough or
filier element 125 durable enough to direct flow to upstream sidewall 155 without flow guide
150.

The interior surfaces of filter cavity 110 can be formed ¢of a material that is more phobic or
philic relative to the material of filter element 125. In one embodiment, filter housing 105 can
be formed of a material such that sidewall 155 is more philic to gas than filter element 125-
or, put another way, filter element 125 can be selected to be more phobic to gas than the
housing material--to promote affinity of gas to sidewall 155. By way of example, but not
limitation, the difference in surface energy between the housing material and filter element
125 can be greater than 10 dynes/cm®. Thus, there may be a surface energy gradient
between filter element 125 and sidewall 155. Consequently, as fluid washes over sidewali‘
155 and fills upstream poriion 115, gas in the fluid will be attracted to sidewall 1555. The gas
is therefore more likely to rise to filter vent port 140 rather than pass through filter element
125. A similar phenomenon can occur in downstream portion 120.

In operation, filter assembly 100 provides normal flow filtration (NFF). Fluid enters filter inlet
port 130 in a generally upward direction and is directed to a upstream sidewall 155 of the
filter cavily. As pressure increases in upstream portion 115, the fluid flows through filter
element 125 to downst:earﬁ portion 120. The primary flow path of fluid through filter element
125, in one embediment, can be generally perpendicular to the flow path through filter inlet
port 130. Filter cavity 110 can be configured to promote uniform or near unifarm flow
throughout the device to fully sweep the filter {e.g., to minimize or eliminate dead space) and
minimize the pressure loss effects.

According to one embodiment, filter cavity 110 can be shaped to maintain the ratio of fluid
volume to hydraulic diameter (hydraulic diameter is a term known in the art when addressing
flow in noncircular tubes and channels and is defined by Dy=4A/P, where A is cross-
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sectional area arxd P is wefted perimater of the cross section} in upstream portion 115 and/or

" downstream portion 120, In another embodiment, the ratio i not maintained, but hydraulic

diamgter does increase for areas of inereasad fluid volume. In other embodiments, the
hydraulic diameter of upstrear portion 118 and/or downstream portion 120 remains
constant. Preferably, the hydraulic diametsr of upstream portian 115 proximate to filter inlet
part 130 is greater than or equal 1o the hydrautics diameter of filter inlet port 130,
Furthermore, upstream portion 1 15ig oreferably shaped so that the hydrauiic diameter of
upsiream portion 118 decreases away from filter inlet port 130, Bimilarly, i is preferabls that
the hydraulic diameter of downstream porfion 120 gradually increases o be eqﬁal toor '
greater than  the hydrautic diameter of filter outlet port 135, In general, the filter housing
can ke desighed so that the filter housing is not a restricting factor such that“ﬁuid flows
through the filter with less loss than thraugh the fittings. |

Figures 2A-2C are diagrammatic representations one embodiment of & filter assembly
aranged as a nen-oylindrical filter cassetta. For purposes of explanation, the filtsr cassette
has a first end 165 (referred to as the "front”), a second end {referred to as the *back™ 170, &
iop 175, a bottom ‘180, & first sids 185 énd a second side 190, In the emb&d‘lrﬁent '
ilustrated, the long axis of the fllter assembly is'a horlzontal axis running from first end 185

ta second end 1T70.

Flilter hoﬁsing 105 may be comprised of multiple housing pertions. tn Flgures 2A—26, for
example, housing 108 is farmed 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 joined by sonic
handing, welding, adhesive, mechanical fasteners or according to any suitable coupling
scheme. According to one embodiment, & main bonding searn 220 of the filley housing runs
frotm the front 1o the back of filter housing 105 glong the long axis.

Figﬁres 24~ further llustrate filter inlet port 130 on the bottom of the housing 103, filter
outlet port 135 on top af housing 105 and filter vant port 140 on the top of filier housing 105 ‘
towerd the front end 188, According to one embediment, the various poris can be located as
far fo the front of the filter cassette a6 possible while stilf allowing for bonding between the
components. In ofher embodiments the ports may be otherwlse amanged (e.g., with one or
more ports near the centar or back end of the filler cassette). The canterlines of the
openings for ports 130, and 135 can be located af the widest portion of the cassette in one
smbodiment. From a fluid flow perspective within the cassetle, opening for fiitér inlet part
130 can be jocated at the jowest polnt of the filter cavity and the dpenings for ports 135 and

40 can ba located at the highest poirt of tha filter cavity,
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With reference io Figures 2B-2C, it is sssumed that the shape of the infarior cavity roughly
foliows the shape of the axterior of the fiter cassatte, The shape of the cassatie can be
selecled so that the width and/or height of the upstream and downgiream portions of {he

interior cavin} decrease away from the respeciive parts. A sestion of the upsiream por%icn

Gl the interier cavity to the front of filter infet port 130 (the “frant sectlon” of the upstraam
portion (indicated af 225)) may decrease in height and/or width because sidewall

155 tmpers inward and/or the top wall tapers dowwnward and/or the bottam wal tapers upward
from back to front in section 228, A section of the upstream portion of the interior cavity to
the back of the inlet port (the "back section” of the upstream ébrtion (indicated at 230)) may
aizo decrease in height and/or width away from Fiter inlet port 130 becauss sidewsll 155
iapers inward and/or the top wall tapers downward and/or the bottom wall tapers dUpward
from front to back in back section 230, Cansequently, the hydraulic diameter of the
upstreamn partion of the filler cavily decreases awsay from filter inlet port 130, Similady, a
secfion of the downstream portion of the inlerior canvity to the front of the outiet port {the
“iront gection” of the downstream wortion (indicaled at 240%) may decrease in height and/or
width because downsiream sidewall 235 {apers inward andlor the top wall tapars downward
andfor the bottom wall lapers upward fmm filter outlet port 135 to the front in seclion 240, A
seciion of the downstrearn portlon of the interior cavity to the back of the Iniet pait (the “back
section’ of the downstream portion {indicated at 245)) may also decrease in height and/or
width away from filier ouflet port §386 beéause wall 225 ‘fapars nward and/or the top tapers
downward and/or the boltorn tapers upward from front 1o beck al back section 245, Thus,
the hydraulic diamatar of he downstream portion of the fiker cavily can increase toward filter
ouliet port 135. '

As alse fllustrated in Figure 2B-2C, filler housing 105 may intlude oplionally include
fagiures o aid in bonding or otherwise assembling the fitter housing 105, By way of

example, but ot Imitation, filter housing 105 may include features, such as featurs 260

‘exiending from the top surface and festure 255 exiending fram the hottom surface ko provide

additional area for capturing the filter caver andd filtter membrane {discussed below). These
fealures may also &d in aliéhmeni and act as guide rails for gligning the cassette in a
systermn that raceives the cassstte, Other or alterative é!ignment features may also be
provided for inserting the filter gsgembly into & flitration system.

Figure 3 is an exploded view of one embodiment of a filter agsembly. Main shell 195, side
caver 200, front end cover 210 and rear émf cover 215 form a filter housing wills an interior
eavity in which filter element 125 is disposed. A filter cover 260 is coupled 1o the housing lo
refain filter elemant 125 In place when fluid pressure js applied.
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Filter eiemeni 128, i the ambediment of Figure 3, is a rectangular pleat packc in which the
filter membrane s pleated paralial to the long axis of the filter housing, The pleat pack
includes a first set of plaat tips 127 that face the upstrearn portien of the filter cavity and g
sacond set of pleat tipa 129 that face the downstream portion of the filler zavity. The first set '
of pleal fips are generally arranged in an upstream plane and the second set of piqai lips are
generally arranged in a downetream plane. The pleal pack forms & generally rectangular
interface with the upstream partion of the filter cavity and a generally ractangulae inferface
with the: downsiream portion of the filter cavity.

Figures 4A-4C are diagrammatic representations of one embodiment of main shell 185,

" Main shell 185 may includs a top wall partion 270, a bottorm wall portion 275 and a sidewsl!

188 running from & first end of main shall 195 to a second end of main shell 195. Accsrding"
to ane embediment, top wall porfion 270 and botiom wall portion 275 both run the length of
sidewall 155. Bottom wall portion 278 extends further than fop wall portion 270 aa measured
along an axia perpendicular to sidewall 155 (e.q., with reference o Figure 24, bottom wall
portion 275 extends further from firat side 185 toward second side 130 than top wal! portion
270) (though the bholiorm wall portion 275 and top wait portion 270 may extend at englas
other than perpandicular {o sidewall 155).

Top wall patton 270 and bottom wall portion 27% may slapa relative to mulliple axes, For
example, fop wall portion 270 may be angled relative tn two axes: downward from filter vent
port 140 to the .b'ack end of main sheil 195 and upward from sidewall 155 to edge 277.
Boitorm wall @orﬂon 275 may slope upward from filter intet port 130 to the back end .such that
the height of the main shell 195 is greater at filtar vent port 140 than at the back and.

Bottom wall porfion 275 may also slope downward from sidewall 135 to edge 279,

Main sheil 195 may include a number of ribs. In the exampie Nustrated, main shell 195
inciudes end rilbe 2680+ and 280, boitom ribs 28064-290,) s top ribs 286295, and

- intermecdiaie ribs 3004-300.. Each rib may Include one or more of a bottom offsst porfion, a

sidewa!] offset portion and a fop offest porfion, Ribs 200, for exampls, may be gensrally L
shaped with a battomn offset partion 305 extanding a first helght from betiom wall poriion 275
and & sidewall offset porlion 310 along sidewall 155 extending a sacond height grealer than
the first height In one embodimer, the bottom offset portion 308 extends acrass the bottom
of the interior cavity from wall 155 a first distance perpendicular {or af another angle) to the
lergth of the interior cavity and the sidewall offset portien 310 exisnds from sidewall 155 into
the interior cavity a distance that is less than that of bottom offset portion 305. Botlom offset
portion 305 may ant 28 a membrane standaff from the bottom surface of the interior cavity
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and sidewall offeat portion 310 may as a pleat standedl frém sidewall 166, Sidewall offset
portion 310 may be taperad such that the distance sidewall offset porlion 310 extends away
from sidewall 155 decreases toward the top, thereby reducing the arsa of the Upstream
portien of the interior cavity from botiom to top.

Top fibs 295 may alsa; be gensrally L shaped with a top offset partion 315 exlending a first
dapth fr:ﬁm top wall portion 270 and a sidewall offset po&ian 320 proximate to sidewail 158
extending a second depth, greater than the flrst depth. In one embodiment, lop offzet
portion 315 exiends from sidewall 188 acrass the top of the Inderior cavity a first distance
perpeﬁdicula:j (or at another angie) to the length of the inferior cavity f.:arid sidewall offset
portion 320 extends from sidewall 155 inte the irnterior cavity a distance that is jess than that
of the top offsst portion 315, Top offsei portion 315 may ac! s a membrane stendoff frorm
the top surface of the interior cavily and sidewall offset portion 320 may act as & pleat
standoff from sidewall 185. Sida\m;_aéi offset portion 320 may be tapered such that the
disiance sidewéil offsst porion 320 extends away from sidewall 155 decreases toward the
o,

According to one embodiment, the height of bottom ribs 290 is selected so that the upper
edges of botiom offset portions 305 are level with each ofher when the fiier cassette is
inetalled.  The top ends of sidewal! gifsst portions 310 of aliernating boltom ribs may also
leval with each other when the filter cassetie s in & fully installed position (e.g., with filter
inlet part 130 aligned vertically). For example, the upper edges of  boliom offset portions
306 of ribs 290 fie in & first plane, the upper edges of sidewall offset portions 310 of a first
set of atternating botiom ribs 200 fig in a second plane and the upper edges of sidewall
offset porfions 210 of a second set of alternating bottom ribs 280 lie In a third plana. Thus,
when the filter Is inslalled, the fops of the bottom offset portions 306 of sach b 280; through
200, will be st the same fluid leval, the taps of the sidewall offset portions 310 of the first sel
of alternating bottom rites 200 {e.g., ribs 290;, 2804, 2ic.} will be at the same fluid level as
each other and the tops of the sidewall offset portions 310 of a secend set of botiorn ribs
{e.g., 1ibs 290, 290z, elc.) will be at the same fiuid level as aach other.

Similardy, the lower sdges of top offset partions 3185 of alternating lop ribs 285 can be level
with each othar and the lower edges of sidewall offset portiong 320 of alternating top ribs
295 may aiso be level with each other when the filter caseelte is installed. For exampte, the
lower edge of top offest portions 3158 of dhs 286 may lig in & jourth plane, the jower edges of
sidewsll offsgt portions 320 of g first set of top ribs 295 may lie in a fifth plane and the lower
adges of sidewal] m"fset portions 320 of 2 second set of alfernating top ribs may fe in a sixih
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plane. The first, second, third, fourth, fifth and sixth planes can be pafai!el horizonial pianes
when the filter cassetie is in a full installed, operating positlon (é.g.. with the filter inlst port
130 aligried vertically). In other embodiments the ribs may be otherwise spaced and/or
aligned in various planes to pmutde filler support and housing s‘[rength and o minimize

flow/pressure loss,

Mam shall 195 may further camprise & set of mtermedxate Hbs 3004-300, aligned with
al’zernaﬂng ton and bottom ribs and projecting inward from sidewall 155 to prcvnda 61dewa!!
uitsets. The distance {hat intermediate ribs 300 project inward may decrease along the rib
from bottom fo to;)'. Alternating top ribs 205 and bottom ribs 280 may be vertically atiglned

withintermediate Iribs A00. Ascording to one embodiment, the length of an intermadiate
rip 300 is selectad so that the top end of the intermediate rib averlaps sidewsll offset portions
320 of adjacent aiternaling top ribs 285 and the lower end of the intermeadiate b overlaps
sidewsll offset portion 310 of adjacen alternating bottomn ribs 290. For example, the top end
of rib 300+ overlaps sidewall offssl portions 320 of ribs 205+ and 295; and the lower end of
rib 300+ overlaps the tops of sidewall offset portions 310 of bottoro ribs 2904 and 200z. In
other words, the vertical length of the intermadiate rib, in one embodiment, is greater than
fhe vertical distance between the secand and fifth planes Hustrated in Figure 48,

The spaces betwean adjacent ribs form flow channels in cooperatian with the bottom of the
filler slement (or flow guide 160 (nof shown)). For exampie, the area batween adjacent ribs

290y and 200, forms flow channei 325; open to the filter infet. When e flter slement is in

place and fluid is iInfroduned intw the Biter cavity, the fluid will follow he fiow channels. fn the
example shown, fluid will Till flow channel 325; along the bottom of the interior cavity and
then follow flow shannel 325, up sidewall 156 until it overtaps rib 2802, at which point the
fluid will flow into adjacent channel 328, Fluid will contirue to fill c;héﬂnejs 325, and 3264
unti the fluid overtops ribe 250, and 290 to begin fo fill flow charnels 3254 and 328.. This
prucess can cantinug until fluid fills channet 325, The rib configuration heips ensure thal
fluid weaves along sidewall 165 increasing the Hkelihaod that gas bubbles will be attracted to
sidewall 185 and flow upwards. Furlhermore, the b configuration helps distribute fiuid
along the length of sidewall 156 to promots even wetting of the filtler elament.

Figurs 4B further ilfustratas that top portion 270 and bottom portion 275 may taper toward
gach other away from filter inlet port 130. Figure 4C further itustrates that, main shelt 195
can be shaped so that the filier casastts, or at least the upstream portion of the filter cavity,
is widest at the centerling of filter veni porl 140 and tapars inward toward the front end
and/or back end. In the embodiment Tiustrated, the taper begins immediately at filiar inket
port 130, Thus, the hydraulic diameter of the filter cavity can decreasss away from filker inlet
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port 130, helping reduce or eliminate dead space. Furthermore, in the
smbodiment shown, filter vent port 140 is open o the highest ;mirit In the filler cavity. Other
smbodiments may includs un-tapered porlions and tapered poriions.

Figurs 5A and 5B are diagrammatio represeniations of one embodiment of side cover 200,
Side cover 200 may includs joining sdges 327 and 320 running the length of side cover 200
that may be joined to aduss 277 and 278 of main shell 195 (see Figurs 4A) o create a seam
paraliel o the filier pleal foids. Side cover 200 may include a fop wall portion 335, a2 Bottom -
wall portion 340 and a sidewall 235, Side cover 200 may be shaped so that e widest
portion of the casselie. or at ieast the widset portion of the downsiream portion of the interior
cavily, is coincident with the centerline of filter autlat part 135. Fuﬁh@frﬂmra, side gover 200

-may be shaped so that the area of the frong section of the downstream portion of the interior

cavity decreases from outlet port forward andlor the area of the back section of the
downstream partion of the interior cavity decreases from filter outiet port 135 back. For
example, fop wall portion 335 may taper downward from fllfer outlst port 135 bask. Top wall
portion 335 may also taper downward from fitter outlat port 1 a5 forward, Similarly, botiom
wall portion 340 may slope upward from fi!{er outiet port 138 bac;k‘and from filter cutlet port
136 forward, Sidewall 235 may slso tépef inward from filter outiet port 135 back and filter
outiet port 135 forward,

Iri the embodiment of Figure BA, side cover 200 is shaped so thal top wail portion 325
slopes downward from filter outist port 135 back and bottom wall portion 340 tapers upward

- from filter outlet port 135 back. _Sic_iewau 235 is shaped so that the outer fop edye 350 of

00412

sidewall 285 tapers inward along a curve from filter outlet port 135 back. The outer bottom
etige 355 of sidewall 235, however, doss not taper inwards, or tapers inward less than top
edge 327, giving sicewall 235 a "twisted” profile. According to one embodiment, the twist
can be sslested 1o oreate a lingzre or other deslrad change in cross-sectional area or
hydrauﬁ;:: diameter from filter oulfet port 135 to the end of the filter cassette. The reduced or
lack of taper at bottorm edpe 32 is provided to maintain material proximate to the joining
seam between edge 2328 and edge 279 {see Figure 4A). The shape alsc provideé akey fo
help ensure fat the filier cassette can only be insarted into a filtration system in the proper |
orientation. In other embodiments, howaver, other sidewall shapee may be used.

Figurs 58 illustrates another view of une embodiment of side cover 200. The arrows of

Figurs BB illustrate that fluid generally fiows to filter outlet part 135, Ascording to one
embodimant, side cover 200 is shaped te promate more uniform flow rate in the downstream
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portion of the filter cavity. Side cover 200 may include ribs or other features to help direct
fiow to the filter ouflet port 135,

Figure 6 is a diagrammatic representation of one embodiment of filter cover 260. Filter cover
260 can be configured to maintain a filter element in place while allowing flow. According to
one embodiment, filter cover 260 can comprise an outer frame having an upper member
360, a lower member 365, a front end member 370 and a back end member 375 spanning
between upper member 360 and lower member 365. Upper member 360 and lower member
365 may include features to allow coupling of filter cover 260 to the remainder of the filter
cassette. As discussed below, for example, filter cover 260 may include a tongue and
groove feature for snap fit connection to the main shell. Filter cover 260 may be configured
so that a first side of the upper member 360 contains a contact surface to contact the tips of
top ribs 295 and lower member 365 includes a contact surface to contact the tips of bottom
ribs 280.

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 the fiiter element against ribs of the main
shell. The side cover may also inciude ribs {o contact intermediate members 380 fo provide
additional support. Intermediate members 380 may be angled up and to the front, to allow
such ribs on the side cover to act as flow directing devices to direct flow entering the
downstream portion of the interior cavity to the filter outlet port. In other embodimeﬁts, filter

cover 260 may include mesh or other structural elements to maintain the filter element while
allowing flow.

Figure 7 is a diagrammatic representation of one embodiment of a filter assembly with main
shell 195, filter element 125 and filter cover 260. The bottom offsets, sidewall offsets and
top.offsets hold the filter element off of the bottom, upstream and top of the filter cavity
respectively. Filter cover 260 rdns from a first end of the filter cavity to a second end of the
filter cavity and may be angled toward sidewall 155. Filter cover 260 holds filter element 125
in place when pressure is applied upstream of filter element 125.

According to one embodiment, filter cover 260 and main shell 195 may cooperate to provide
a shifted parallelogram filter element holding area. Filter cover 260 may be angled toward
the upstream sidewall 155 from bottom to top and the sidewall offsets provided by the ribs
projecting inward from the upsiream sidewall 155 may be tapered toward the sidewall from
bottom fo fop. The angle of filter cover 260 can match the taper angle of the ribs. Filter
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cover 260 can push filter element 125 against the ribs with the first (upstream) set of pleat
tips abutting the ribs. On the upstream side, ribs allow filter element 125 to be held in
without the need for an additional filter element holder/cage. in this configuration, a
rectangular pleat pack will become a shifted rectangle with the pleat tips on the upstream
side of filter element 125 generally arranged in a first plane defined by the ribs and the pleat
tips on the downstream side of the filter element generally arranged in a second plane
defined by filter cover 260. The shifted parallelogram (e.g., rhombus or rhomboid) filter
element holding area provides several benefits. First, shiﬂing the pleat pack allows room to

- place the filter outlet port without taking up too much horizontal room. Second, the pleat
pack acts as part of the structure to reduce hydraulic diameter (linearly or otherwise).

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

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

Similarly, the top offset portions 315 may contain a tip portion 408 that is angled away from
filter cover 260 from bottom to top to form a vent channel 410. Vent channe! 410 can cross
connect the flow channels between upper ribs 285 (illustrated in Figure 4B). Preferably, the
opening fo filter vent port 140 overlaps vent channel! 410. When ihe fiter cassette is under
pressure, gaé can flow to vent channel 410 because the upper surface of the upstreamA
portion of the interior cavity can be sloped upward toward vent channel 410. Gas can then
flow up vent channel 410 to filter vent port 140 because verft channel 410 is sloped toward
filter vent port 140 (e.g., as discussed above in conjunction with Figures 4A and 4B, the
upper surface may be sloped upward toward filter vent port 140).
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Filter cover 260 may be coupled to main shell 195 using a snap-fit, interference fit, sonic
bonding or according to any suitable coupling mechanism. According to one embodiment,
main shell 185 may include lower and upper coupling portions 420 and 425 to couple filter
cover 260 to main shell 185. Coupling portion 420 defines a groove 430 and tongue 435
running the length of main shell 195. Coupling portion 425 includes a groove 440 and
tongue 445 running the length of main shell 195. Filter cover 260 includes corresponding
lower tongue 455 and groove 460 and upper tongue 465 and groove 470. Groove 430
captures tongue 455 and groove 460 capiures tongue 435. Similarly, groove 440 captures
tongue 465 and groove 470 captures tongue 445, In operétion, filter cover 260 can be
secured using a snap-fit, with upper and lower coupling portions spreading apart slightly to
allow tongues 455 and 465 to pass tongues 435 and 445 respectively and seat in grooves
430 and 440. The resilience of the main shell 195 material can cause the coupling portions
420 and 425 to snap back to a position in which filter cover 260 is captured. According to
one embodiment, the snap can be sufficient to provide haptic or audifory feedback that filter
cover 260 is secure. |

As illustrated in Figure 7, filter cover 260 can be instailed so that the rib tips would otherwise
contact or be very close to the contact surfaces so that a portion of the filter membrane may
be captured between the rib tips and the contact surfaces of filtter cover 260. According to-
one embodiment, the top and bottom membrane flaps of filter element 125 may extend a
sufficient distance 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 8, for
example, is a diagrammatic representation of one embodiment of a portion of main shell
195 connected fo filter cover 260 iliustrating lower membrane flap 490 captured between
coupling portion 420 and filter cover 260. Capturing a portion of filter element 125 helps
retain filter element 125 for later assembly steps. Along with potting, sonic bonding or other
coupling operation can be performed to further bond filter cover 260 to main shell 195 and/or
the membrane to main shell 195 and filter cover 260, sealing the upstréam portion from the
downsiream poriion other than through the membrane.

Figure 9 is a diagrammatic representation of one embodiment of a filler assembly with main
shell 185 coupled to side cover 200 at main bonding seams 220 running paraliel to the long
access of the fiiter cassette. Main shell 195 and side cover 200 form a cavity in which filter
element 125 is disposed, separating the cavity intc upstream portion 115 and downstream
portion 120. Figure 10 illustrates a cross-sectional view of the filter assembly of Figure 9,
further illustrating the hydraulic profile at the back of the downstream portion of the interior
cavity {indicated at 4385) and at filter outlet port 135 (indicated as the combination of 485 and
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497). It can also be noted that the hydraulic profile increases from bottom to top of the
downstream portion of the interior cavity.

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

Figure 11isa diagrammatié representation of another embodiment of a filter assembly
similar to that of Figure 7. In the embodiment of Figure 11, the filter element is not shown to
better illusirate one embodiment of a shifted-parallelogram filter element hoiding area 500.
Additionally, in Figure 11, bottom rib 290, top rib 295 and intermediate rib 300 are illustrated,
showing the sidewall offset portions of the ribs tapered to match.the angle of filter cover 260.
Figure 11 further iliustraies that embodiments of fiiter assembiies may inciude a flow guide
150 to prevent flow entering filter inlet port 130 from directly impacting the filter membrane.

With reference to Figures 1-11, all materials that come in contact with the process fluid can
be selected to be non-reactive with the process fluid and to minimize contamination.
Embodiments of the housing can be made from a variety of materials including but not
limited fo oleophilic resins, perfluorinated resin, (such as, but not limited to,
polytetrafluoroethylene (PTFE), fluorinated ethylene propylene (FEP), perfluoroalkoxy
polymer (PFA), polyvinylidene flucride (PVDF), polyimide, polyetherimide, polycarbonate,
polyether ether ketone (PEEK), polyethylene (PE), polypropylene (PP), metals or other
materials. In one embodiment, the components of the filter assembly can be formed of
multiple layers. The outer portion of the main shell and side cover can comprise a relatively
inexpensive polymer while the inner layer can comprise a more expensive polymer that is
less likely to react with or contaminate the process fluid. In one example, the main shell 195
and side cover 200 may comprise an outer shell formed of polypropylene or other material
that can withstand the temperature and pressure requirement. Inside, an inner layer of
typically more expensive, more chemically resistant, higher purity material can be
thermoformed and attached to the edges of main shell 195 and side cover 200. Examples of
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such materials include but are not limited to PFA, FEP or other polymer. The entire wetted
surface of the filter can be the more chemically resistant, higher purity 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, can have a core of relatively inexpensive
material and an outer coating or layer of more expensive, but less reactive material.

[00126] A filter cassette using a pleat pack filter element 125 can be assembled according to the
following steps. A filter membrane can be inserted into main shell 195 with the ends of the
last flaps of the pleat sifting along the coupling portions 420 and 425. Filter cover 260 can
be snap fit into place. This step locks the membrane in position with the tongue-and-groove
fit between the outlet cover and the shell. Unlike a typical cylindrical style cartridge device,
there is no need to wrap a pleat pack to seal the two long membrane edges together before
assembling into a device. Side cover 200 can then be bonded to main shell 195 using any
suitable bonding scheme including, but not limited fo, sonic bonding, welding, adhesives,
thermal contact or non- contact bonding operations. According to one embodiment, bonding
the housing and sealing the membrane edges can happen in a single bonding operation.
Side cover 200 may also be coupled to main shell 195 using mechanical fasteners. If
required, a gasket can be disposed between side cover 200 and main shell 185,

[00127] The ends of the pieai pack can be potted in a polymer or resin. According to one
embodiment, a desired length of each end of the assembly can be dipped in the desired
potting material, such as a laminate, polymer, resin, adhesive or other potting material to
seal the ends of the intérior chamber and pleat pack. Preferably the potting material is a
thermoplastic. By way of example, but not limitation, the front and back 0.125 inches to 0.5
inches of the pleat pack can be sealed with potting material. The potting material can seal
the ends of the pleat 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 potling material prior to
insertion in main shell 195, however doing so may result in some dead space between the
pofting and the ends of the filter cassetie. 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, adhesives, contact or non-contact bonding operations, mechanical fasteners or
otherwise. Figure 12, for example, is a diagrammatic representation of one embodiment of a
filter assembly showing a pleat pack in place and sealed with potting material 590.

{00128] Figure 13 is a diagrammatic representation of another embodiment of a filter assembly 600
having a filter housing 602 defining a filter cavity 603 divided into an upstream portion 604
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ard downstream portién BOS by a filler element 610 dispesed in tha filler cavily 603, Filter
slement B10 can be any sultable filter madia inciud%ngj, but not fimiled (o pleatad fillers, depth
fiters, hollow fiber membranss, or other fiters. In vet enother embodiment, fiter elermant
610 can include a polymer fiitration material sandwiched betwsen mulliple membranes. in
ohe ertbodimeand, filter element §10 comprises & rectangular pleat pack., A filter injat port
612 is located upstream of filler element 10 and 2 filter outlet port 614 is locatad
dovmstream of filter element 610 (from & fitid flow perspeclive running through the filter).
Fitter vent ports (e.g., filter vent ports 615 and §18) can bé lovated upsiream and/or
Gownstrearm of fiter element 610, Vent ports 615 and 616 may aleo optionally be connected
o valves.

According to one smbodiment, fitter intet port 612 is located at the top of filter assembly 600
and defines an downward vettical inlet flow path, filter outiet port 614 is located on top of
filter as.seml:}iy 600 and defines an upwardly vertical outlet flow path and filier vent port 616
defines an upwardly vertical vant flow path. Preferably, fiter venl port 615 is epen to the
upsirears portion 604 of the fiter cavity at the highast point possible so that an‘y gas i
upstream portion 604 naturally rises {o filter vent port 815, Similaﬁy, an oufls! vent port 618
can be provided that preferably is open to the dmwnétz;eam portlon 808 of the filter cavity at
the highest point possible so that any gas in downstream portion 608 naturally rises to vent
port. Filter infet port 612 may include an in!eﬁ vaive 618 to sl filler indet port 812,

To efficiently placs pérts in a footprint, filter element 810 may overap filler inlet pbri 612,
fiiter autiet port 614 and/or filter vent pori(s) 615/616. If the fow of fuid entering filter
assembly B0Q is sufficlert, fluid llow directly Impacting filter elsment 610 may demage i,
Accardingly, a flow guidé 620 (e.g., a baffle, tubsing or other flow dirscling structura) disposed
betwsen fiitar alement 810 and the inlet can obsiruct flow atong the axis of the inlet and
redirect flow toward upstream sidewall 622, As discussed ahove, the walls can be zelecied
to be more phific te gas than fiter slement 610 to promots affinity of gas 1o walt 822, While
flow guide 820 & Hustrated as exdending generglly parpendicular to the axis of filler inlef port
612, flow guide 820 may be arranged at ofher angles. In other embodiments, filter element
510 may provide sufficient resistance fo direct flow o upstream sidewall 622.

Figure 14 is & diagrammatic reprasentation of another embadiment of a filter azsembly 800
similar (o that of Figure 13, bt Hlustraiing an outlet valve 824 1o seal fitter outiet port 814
and a secoend flow guide 526 that enswres fluid flows along sidewsll 528 before exiting
downstream porlion 806. According fo one embodiment, inlet valve 618 and outlef vaive 624
can sanl when fiter assembly 600 is removed from a manifold, when fluld pressure of fluid
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flowing into filter assembly 600 drops below a threshold amount or some other condition is
met. In one embodiment, inlet valve 618 and outlet valve 624 can be poppet valves. The
vent ports {or corresponding ports in the manifold) may be pressure actuated with an
actuation pressure that is greater than the driving pressure of the fluid. For example, the
filter or manifold can include valves, such as poppet valves or other valves so that gas is
only vented when it exceeds a particular pressure (e.g., 5psi above the expected operating
pressure of filter assembly-600). The ports can comprise Connectology ® connections from
Entegris, Inc. of Billerica, MA, Swagelok fittings or other connection capable of fluidic
sealing. While Figure 14 illustrates the inlet and outlet valves integrated as part of the filter
assembly, in other embodimenits, the valves may be part of the manifoid to which the filter
connects or may be placed eisewhere, if present aft all.

According to one embodiment, filter assembly 600 can be arranged as a filter cassette.
Figure 15 is a diagrammatic representation one embodiment of a cross section of a fiter
cassette that includes a filter element 610 arranged in a filter holder 830 disposed in filter
housing 8Q02. Filter housing 602 comprises a main body having symmetrical portions 632
and 634 that couple together at joining seams 635 to partially define the filter cavity. Filter
element 610 divides the filter cavity into upstream portion 604 and downstream portion 606.

Fiiter iniet and outlet port members 636 and 642 are coupled to the housing 602 and provide
ports open fo the filter cavity. The fitter port members 636 and 642 can-accommodate
valves, such as poppet valves or other valves. According to one embodiment, inlet port
member 636 comprises a male fitting 637 for inlet port 612, a maié fitting 638 for inlet vent
port 615 and a fiuid retaining wall 639 extending from a base 640, the fluid retaining wall 639
encircling fittings 637 and 638. Fittings 637 and 638 are received by complementary female
ports on a manifold to create a sealed connection. Retaining wall 639 surrounds the fittings
to create, in cooperation with base 640, a drip cup which can catch drips when the filter
cassette is removed from the manifold. The base 640 of port member 636 slopes upward
from fitting 637 to fitting 638 to create a gas accumulation region 641 open to the highest
point of upstream portion 604. Inlet vent port 615 is open to the gas accumulation region.

in the embodiment of Figure 15, filter outlet port member 642 similarly includes a male fitting
643 for outlet port 614 and a wall 644 extending from a base 645 to form a drip cup about
port 614. In this example, there is no vent port on filter outlet port member 642, though in
other embodiments there can be. In some embodiments, a single port may act as the filter

outlet port and outlet side filter vent port. In such a case, it may be preferable that the outlet
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pori 814 be open to the highest area in fuid communication with downsiream portion 804 8o
that gas rises o the filter sutlet port €14,

Inist port member 836 in cooperatfdn with the main boely of the cassetie forms an inlel
region‘ B48 of upstream bortimn 604 open to inlet port 512, but separated by filtration; or
purification r'nedia from downstream porlion 606, According to onge embodimertd, iniet region
646 is ai l2as! part‘aai%y-deﬁned by a sutface 648 e;tending parpendiéuiar tlo'the primary axis
of inlet port €12 {e.g., across he flow path of fluid entéring through inlet port 612} to redirsct
flow horizontzlly, An upper auﬁaca 650 of fitar hokier 630 acts in cooperation with surface
§48 to form 2 flow guide {8.q., 8 baffle) that directs .?iow {0 wail 622,

In operation, fluid snters the filter cassetts through infet port 612 In a first direction (2.3.,

. verically) and ig redirected n a second direclion to wall 622 by surfaces 648 and 650, Fluid

car fiow into the space between filter elzment 819 and wall 822 through a gap between filter
halder 530 and wall 822. The fiuid will pass (hrough fittsr slement 610 and leave the filter
cassstie via oullet port §14. Thus, the filter cassette provides NFF. Gas aftracted to wall
B22Z rises {0 gas ‘a;::oumu']atic:m region S'M from upsirearm porfion 604 and leaves through
irtlat side vent port 615,

Figures 16A-16C are diagrammatiic representations of exterior views of one embodiment of a

" filtar cagsstie showing various features discussed abave, According to one embodiment, the

fitar casseile c:an- be generally rectanguiar wilh a top wall 862, bottom wall 654, and walls
666 and 558, sidewall 622 and sidewall 628 formed from main body perfions 632 and 834,
Embodiments of the main body can be made from a variety of materials including but not
lmited to oleophilic resins, perfluorinated resin, (such as, but not fimited 1o,
polytetraflusrorthylene (PTFE), flucrinated sthylene propylens (FEP), perfiucroatkoxy
polymer (PFA)), polyvinylidene fluoride (PVDF), polyimide, polyetherimide,
palycarbonate, polyproproplyn (PE), polyethylene (PE), polysther ather kelone (PEEK),
metals or other materials, In one embodiment, the main bady car be formed of muttipie

. layers. The outer sheli can compriss a relatively inexpensive polymer while the inner layer

eah comprise a more expansive polymer that is less i'ike%y {o react with or contaminate the
process fiuid. Accarding to one embodiment, the main body may comprise an outar ghell
¢an ba formed of polyprupylene or other material that can withstand the temperature and
pressure reaq'uir@meﬁi. inside the cuter shell, an innar layer of typically more expensive,
rmore chernically resistant, higher purtty meierial san be thermoformed and atiached o the
edges of the outer shell, Examplas of such materials include buf ars not imited o PFA, FEP

or plher polymer, The entire watted surfacs of the filler can be the more chemically resisiant,
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higher purity polymer. In another embodiment, an inner layer of desired material can be

over molded over the inside of the outer shell,

The thicknesses of the various walls ¢an be selecied with the understanding that the filter
cassette may act as a pressure vessel. In typical prior art systems, a filier must have walls
sufficient to withstand the expected operating pressures of the filter. That is, the filter must
have sidewalls that are sufficiently thick to keep deflection within an acceptable range (e.g.,
generally less than 10%, less than 5%, less than 1% at 100psi). The filter cassette, on the
other hand, can have relatively thin sidewalls. The sidewalls can have a thickness that
would allow the sidewalls to deflect greater than an acceptable amount, say greater than
30%, during expected operating pressures. As discussed below, the filter bay can provides
additional support to keep deflection within the acceptable range. End walls 656 and 658
can be the same thickness as sidewalls 622 and 628 or a different thickness. According to
one embodiment, end walls 656 and 658 can include ribs 664 and 665 to minimize
deflection. Top wall 652 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 632 and 634 can each include a continuous rib of material {ribs
667 and 668, respectively) extending outwardly from the respective walls. According to one
embodiment, the ribs 667 and 668 extend outwardly at the edge of the respective main body
portion to create a larger usable bonding area for joining the main body portions.

The filter cassette can include a guide member 660 to help guide the filter cassetie into a
filter bay. In the example of Figures 16A-C, guide member 660 includes a set of laterally
extending guide flanges 661 and 663 extending from ribs 667 and 668 respectively to form a
rail that can be réceived in a corresponding track of a filter bay assembly. In other
embodiments, a filter cassette can include multiple rails or other guide members all together.

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

Figure 17 is a diagrammatic representation of one embodiment of the main body of filler
cassette showing various features discussed above. As illustrated, in Figure 17, ribs 667
and 668 turn inward from edges of main body portions 632 and 634 for a first portion of the
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length of the main body and a second portion of the length of the main bady to form the
sidewalls of an inlet bowl 670 and outlet bow! 672. According tc one émbodiment, main
body portion 634 includes surface 648, which may be a portion of top wall 652, extending
across the portion of the bottom of inlet bowl 670 formed by main body portion 634. The
other side of inlet bowl 670 may be open to the filter cavity. That is, main body portion 632
may be open within the portion of the inlet bowl formed by main body portion 632. Thus,
inlet bow! 670 may be open to the upstream portion of the filter cavity but not the
downstream portion. Similarly, main body portion 632 includes surface 674, wh.ich may be
a portion of top wall 652, extending across the bottom of the portion of outlet bowl 672
formed by main body portion 632, Outlet bowl 672 may be open to the downstream portion
of the filter cavity but not the upstream portion of the filter cavity. That is, main body portion
634 may be open within the portion of the outlet bowl! formed by main body portion 634.
According o one embodiment, the port members 836, 642 (see Figure 16B) may be bonded
to the top edges of the inlet bow! and outlet bowl sidewalls using ultrasonic bonding,
adhesives or other type of bonding with the filter inlet port aligned with surface 648 and the
filter outlet port may be aligned with surface 674.

In many previous filters, the port connections are manufactured as part of the main housing.
Consequently, different tooling is needed to manufacture the filter housing for each
connection type and size. The embodiment of Figure 17 provides the advantage that the
symmetric main body of the filter cassette, with the filter element installed, can be assembled
without the inlet and outlet ports attached. Appropriate sized ports can then be added as
needed. Insuch a system, a single fool can be used to manufacture the main body of the
filter housing for a variety of port types. A specific tool is only required for the specific types
of port members, not the filter housing with ports as a whole.

Figure 18 illustrates one embodiment of symmetric main body portions 632 and 634 of the
main body of the cassette. As can be seen in Figure 18, portion 632 can be identical to
portion 634 such that the two halves of a filter cassette main body can be manufactured
using a single toal. In this embodiment, the portion of top wall 652 defined by main body
portion 632 is continuous in the perimeter of the outlet bowl 672 (iliusirated by surface 6874),
but is open within the perimeter of iniet bowl 670 (illustrated at 675). Similarly, in this
embodiment, the portion of top wall 652 defined by main body portion 634 is continuous in
the perimeter of the inlet bowl 670 sidewalls (iliustrated by surface 648) and open within the
perimeter of the outlet bow! 672 sidewalls (illustrated at 676).
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Figure 19 is a diagrammatic representation of one embodiment of a filter holder 630. Filter
holder 630 can include end walls 680 and 682 with a top wall 684 and bottom wall 685
extending between the end portions in a spaced relationship to define a filter element
holding area 686 open on both sides. In the embodiment of Figure 19, the end walls 680
and 682 can be the same width as the filter cavity and the length of filter holder 630 can be
the same as the length of the fiiter cavity so that filter holder 630 fits snuggly in the filter
cavity. Top portion 684 can be slightly narrower than end portions 680 and 682 so that when
filter holder 630 is arranged in the filter cavily, there is a slight gap between the edges of top
portion 684 and the sidewalls of the filter cavities to allow fluid o flow into/out of the spaces
between the filter element and the sidewalls. In some embaodiments, the filter holder is

symmetric. This is advantageous {o reduce manufacturing costs and the number of parts.

Filter holder 630 can also include a thin continuous piece of material (referred to herein as
flashing 688) extending outward from the outer surfaces of filter holder 630. Flashing 688
extends a sufficient distance so that flashing 688 will be positioned between ribs 667 and
668 when the filter cassette is assembled. Flashing 688 can include cutouts 830 that align
with inlet bowi 670 and outlet bowl 672. This provides an opening between, for example, the
infet region 646 and the remainder of the upstream portion 604 of the filter cavity {see Figure
15). Thus, for example, opening 680, can allow flow of fluid entering opening the filter inlet
port and being redirected by surface 648 to flow into opening 675 (see Figure 18). Similarly,
opening 690, can allow fluid exiting through opening 676 to flow over surface 674 and out
the filter outtet port (see Figures 15 and 18). According to one embodiment, sonic welding
can be used to bond ribs 667, 668 and flashing 688 and seal portions 632, 634 and filter
holder 630. Therefore, it may be preferable that flashing 688 is formed of a material fusible
to the material of the main body.

Filter element holding area 686 can be packed with a filter element. The filter element can be
bonded to the inner surfaces of filter element holding area 686. In one embodiment, the 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 filter element is generally fiat 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 more membrane material can be packed in a given volume and filtration
mediums having less compliant bending moments can be used. Furthermore, because a
pleated filter can be arranged with a generally flat profile (e.g., with the pleats compressed),
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the upsiream and dewnstream dimensinns of fhe pleats can be identical (unkiks & ciroutar
filter deslgn in which the pleats will be mors spraad oul on the upstream side than the
downgtraam pleats), In ather embodiments, the pleals qf the rectangular pieat pack may be
separated. ' ) ‘

Embodiments of filter holder 630 can be made from & varisty of materials including but not
iimited {o oleophilic resing, perfluorinated resin, (sush as, tut not fimited to,

 poiytetrafluorosthylene (PTFE), fluorinated ethylene propylene (FEP), perflucroalikoxy

polymer (PFA)), polyvinylidene fluoride (PVDF), polyimide, polyetherimide,
polysarbonaie, polypropylens (FP), polyethylens (PE), polyether ether ketone (PEEK),
metale or other maferials. In one embodiment, the fiter holder 830 van be formed of multiple

'1ayers'. The core can compriss a relatively inexpensive first polymer (2.9, polypropyiens)

while any layers that contact fluld can comprise a more chemically rasistant, higher purity
second polymer that is less likely fo resct with or sontaminaie the process fluid. According
o ana embodiment, the second polymer can be aver molded on the first polymer.

Figure 20 illusirates one embodiment of a filter cassatte having an RFID tag 682 attached
thereto and an RFID readers 693. RFID reader 833 may have & imited range “R", say 4
inchss. ifthe length “L" of the cassefte is greater than B, the RFID tag 682 can be placed on
the casseite so that RFID reader 683 cannot read the RFID tag 892 whan the cassette is
placad in a filter bay backwards. Control schemes can be impleménted g0 that upstrearnm
componenis will not provide fluid to the filration system I a cassetie ié instalied improperly,
or not Instalied at all. Embodiments may also Include sensors located throughout the first
and second manifold o read various fluid properties such as pressure or temperature.

in sevaral of the ahove examples, the filler cessetie had 2 generally rectangular profile,
Figure 21 is a diagrammalic representation of cne embediment of a filter cassetts having a
main body 694 with a rounded rear and front walls, such that the sidewalls of the cassetis
are curved. The sassetie oan includs 3 gulde mechaniesm 898 that can At in slotted frack of
a fifter bay assembly. Figure 22 ls a diagrammatic represantation of anathar embodiment of
2 cassafie having an elliptical main body 896 from the slde. The cassetie can include a
guice mechanism 687 that can fitin slotted track of a filer bay assembly. Figure 23 is
another embodiment of 8 cessette, with a gylindrical main hody 658 and guide mechaniam
899. Ths various examples of cassette 'shapes are provided by way of example and other
cassetts profiles, in some embadiments compriged from symmetrical main body portions,
can be used. Furthermore, the filter element within the cassetle may have any dssired
shape, including a tubular shape curved about 2 ceniral core.,
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According to one embodimant, fiter casseties can be installed using a tit-inftilt-out
machanism that mtéies filter andfor manifold poris relative to each other. A til-inilt-out
mechanism provides & safety benefit for removal and disposal of the filter cassette. As the
filter s disengaged, the lew point in the filier cartﬁdge‘can'be shifted to the back end of the
device away from a boltom inle¥/drain port where any residue chemistry will colisct, This
minimizes the ek for polential drips as the filter is removed from the marifold. To increase
safely, threads can be disposed vn each  of the filter ports so that caps can be secured on
the ports when the fliter is removed.  After disengaging the filter the user can install caps on
zach of the threaded ports o seal any remaining chernistry within thé filter device for safe
disposal. '

Figure 24 is o diagrammati{:: represeniation of one embodiment of a filtration system for
reseiving a filter cassetle, the filiration systert including & main assembly 700 and a sheath
714, Main agsembly 700 provides the necessary fluid connections o a filter cassette
disposed in sheath 716, According to one embodiment, main assembly 700 can comprise a
base 705 extending beneath sheath 710 and a support aim 718 dverhanging sheath 710,
Support arm 715 may include a port bieck contéiﬂing fitter interface ports to rterface with

' the sorresponding ports on the fiter cassette. Support arm 715 may sufqp’ma’t tubing 730 to

[00153]

[001584]

direct fluid to the filler casseite. Base 705 can provide connection o fuld inlets and oullets
and direst fluid to/from the fiter, In one embodiment, base 708 inciude internaj flow
passages. In ancther embodimant, base 706 may provide support Tor tbing.

According to one embadiment, base 705 includes a gererally upwardly exiending portion
736 and a generally 'horizonialiy exiending portion 740, In this embaodiment, bagse 705
defines 2 filter Inlet low passaga 746 leading from a main assembly inlet port to filter inlet
interface port 750 that intertaces with the filler inlet port 130, Base 705 can also deline an
outlet flow passage 780 that fluldly couplas a filter outlet port 138 of a filler cassetie fo a
main agsembly ouilet (via port block 720 and tubing 730). Base 708 may also include similar
vent flow passages and the manifold assemhbly may inGlude vent ubing. In general, the
tubing can be transparent or semi-transparent.

Porl block 720 may includa filter outlet interface and filter vent interface ports. According to
one srmbodiment, port biock 720 may be operatively coupled to support arm 715 such thal
port Block 720 is transtatable In multiple directions relative to suppourt arm 718, For exampie,
port block 720 may be transiatable both front to back (left 1o right from the perspective of
Figure 11) and vertically relative to support arm 715 in a herizontal posiion. Springs or other
bimsing members may be used fo biag the position of port block 720.

-84 -



[0C188] Sheath 710 may be rotatably coupled to maln assembly 700 at a first axis of rotation
(indicated &t 762) and is rotatable from a first position 1© a second posilion. in thg firat’
{unmated} position, the cassetls is tiited downwards from front to back so that any remalning
fluid moves away Trom inlet port 130 and the cassetis can be removed from sheath 710, n
the second {mated} posiiion, the inlet port 130 of the fiifer cassette is engaged with filter inlet
interface port 750.

[00156] Sugport arm 715 can be rotatable about a second axls of rotation (indiéat&d at 784) running
from the first side to the second side. Support arm 718 can be rotatable from a first position
to & second position. in the first position, an outlet Interface port and vent irﬁerfaca nort of
port block 720 ars fully disengaged from filter ouflat port 135 and filter vent port 140 of the
filter casselte. In the second position, tha cutlet interface part and vent nterface port ars
mated with filter outlst port 135 and filter vent port 140 of the cassette. In another
embodiment, all the ports may be located ahove or below the casseties depending on
nlacement of the fiter ports. To aid in alignmend, the vent interface port and outlet interface
port can be implemented in separats blocks. The seal foree required to engags the filter
poris can be generatad inside of the fop block(s) using springs or other biésing member,
The spring loading can generate the nenéssary force to fluidically seal both top ports and the
bottom port. Flexible tubing (.., tubing 730 formed of PFA or ofher sultable material) can
be used to direct fluid from the port block(s) 724. In ancther embodimant, the portion of the

. main assembly extending benealh sheath 710 may 2lso include a rotatable am,

[00157] Lever 725 may be rofatatly coupled to base 705 at a third axis of rotation (indicated at 768)
rurining from the first sids to the second side. Lever 725 may nclude an end member 770
spanring betwesn fwo guide members 772, According 1o one embodiment, lever 725 s
designead with twe gquide paths, one {o filt the filler down to engage the filter infet port 130 to
inlet irtarface port 750 and the other to drop a set of mating ports that will engage the filter -
vent port 140 and filter outlet port 135 on top of the filter cassette. For example, & guide
member 772 may include an cuter frack 774 locsted more distal frorm axis of rotation 768
and an inner frack 778 located more proximate to axis of rotation 768. A guide pin of the
auilet and vent port interface pordion of the manifold, In this case support arm guide pin 778
of port block 720 is received in oufsr track 774. A guide pin 780 on sheath 710 is received
by inner track 778. The geometries of outer track 774 and inner track 778 can be salecied
a0 that sheath 710 rotates from is first position to its second pastition faster than support amm
715 rotates from ite firet poeilion o its second posttion. I particulsr, it is preferabis that filtar
infet port 130 |s seated in inlet interface port 750 bafore port black 720 fully engages filier
outlat nort 135.
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According to one embodiment, outer track 774 may be shaped to have a generally spiral
shape with decreasing radius from center of rotation 768 from a first end corresponding to a
first position of support arm 715 to a second end corresponding to a second position of
support arm 715. The larger radius at the start of the path may be concentric or nearly
concentric with axis of rotation 768 to delay the support arm time to move info the second
position. This gives the filter inlet port 130 time to engage inlet interface port 750 before the
outlet interface port and vent interface port engage ports 135 and 140. A sharp angle at the
start of track 778, indicated generally at 782, ensures that filter inlet port 130 moves into port
750 before the outlef interface port and vent interface port engage ports 135 and 140. The
track 778 may be generally concentric with axis of rotation 768 at the second end of the
track to minimize additional movement of sheath 710.

Because the sealing force may be provided by pushing port block(s) 720 toward the filter
cassette, the guide path for the filter (e.g., inner track 778), only needs to be designed to lift
the filter out of port 750 and guide the filter to part 750, but not necessarily to provide
sufficient force to create a full fluidic seal. According to one embodiment, the tracks can be
configured so that through a first range of rotation of lever 725 (e.g., 45 degrees, 60 degrees
or other range), port block 720 stays relatively the same distance away from filter outlet port
135 while filter inlet port 130 moves to engage port 750 and through a second range of
motion lever 725 does not move sheath 710 but moves port block 720 relative to sheath 710
so that port block 720 can engage the upper ports on the filter cassette.

End member 770 may be positioned so that as end member 770 rotates, end member 770_ !
pushes the filter cassette fully into the sheath prior to the sheath reaching its second
position. This can help ensure that the filter is properly aligned with the manifold when the
filter is tilted into place. Assembly 700 may include a locking mechanism so that a filter can
be locked in a fully engaged position. For example, the geometry of guide tracks 774 and
778 may be configured to lock sheath and/or support arm 715 in their second positions. In
another embodiment, latches or locking mechanism may be included.

Figure 25 is a diagrammatic representation of another embodiment of a filtration system. In
the embodiment of Figure 25, support arm 715 is coupled to a bracket 717 that offsets
support arm for axis of rotation 764. Additionally, Figure 25 illustrates that fluid is lead to the
filter inlet interface port using flexible tubing 777, coupling the filter inlet interface port to the
main assembly inlet 779. In addition, Figure 25 illustrates that guide track 774 may include a
straight portion 790 and guide track 778 may also include a straight portion 795. Guide track
774 may further include a second portion 793 that spirals inward (relative to axis of rotation
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768) and guide track 778 may alse include a second porlion 787 that spirals inward. The
change in radius of guide track 778 and gulde frack 774 in sesond portions 793/787 may be
different. For example, ouler guide track 774 may decrease radius more rapidly than innar
guide track 778. Thiz helps ensure Hhat at the end of closing, force from lever 728 is appiied
mainly to support arm 715 to help seal the filter to the main assembly. When the filter and
support ann are finished rotating relative to each other from the unmated to the malécl
nosifion, & locking mechanism, such as & lateh 791 can lock lever 725 in the closed position.

Figure 28 i 2 diagrammatic representation of one smbodiment of a sheath 710, Shaath 710
provides 2 filter caseaile holder configured to receive fiiter casseties. Sheath 710 can
comprise ane or more waills that define a cassetls receiving area 800 with a front opening

_ and shaped o receive a filter casselte through generally linear transiation. Acgording io one

embodiment, the sidewalls may fully overlap the sidewalls of the cassetis and the top and
hottom walls may overiap the casselte excapt for cutbut areas shaped o accommodate the
ports of the cassette, Sheath 710 may further include alignment features {o angure that the
casselte Is properly aligned. For example, sheath 710 can be asymmeitric and keyed to the
filler casselte shape. According to one embodiment, sheath 710 can define upper track 810
and lower track 315 lo accommodate guide ralls 250 and 265 of the filter cassette, Figura

27 also Mlustrates guide pins 730 extending generally perpendicular to the length of shesith

[00163]

710 and paralis! fo the axis of rotation of sheathy 710 reiative to the main assembly 700,

i fyplcal prior art systems, a filler must have walls sufficient fo withstand the expectad
aperating pressuras af the filker. That iz, the fliter must have sidewalls that are sufficiently
thick to keap deflection within an acceptable range {generally less than 10%). Rather than
requiring the disposable cariridge to accommodate operafing pressures, a sheath of
suflicient size :emd shapes to withstand the pressure requirements of the target applications
and prevent excessive flexing of tha filter housing walls can be used. Since the sheath is
designed to preven! or minimize flexing and potential failure of {he filter housing, the material
and supporting structures generally anuired for the filier cartridre can now be significantly
reduced. Building the strenigih into the sheath allows the material required fo fabricate the
filter fo be reducéd, therefore reducing the cost of the consurnabla filfration product. Thig is
particularly vaiuabie for flliration devices compossd of FFA, which is costly. The supparling
sheath could be a lowsr cost material such a8 PYC or CRPVC or metal coated with PVC or
CRYC, which are materiala generaliy used to enclose fluidic components in YWet Eich and
Clean applications. Even if a PFA or PTFE sheaih is requirad, it will not be a consumable
part and will be reused for gach fiter change.
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[061684] Thus, the fifter cagsetie can have relatively thin sidewalls as sheath 710 can provide

necessary suppart. The sidewalls and top wall ang bottorn wall can have a thickness that

 would allow the sidewsalls io deflest greater than an acceptable amount, say greétar than
30%, during aipected operafing pressuree. However, sheath 710 can have walls that abut
and support the walls of fhe cassetie to minimize the defisction (s.g., fo iess than 10%
volumetric change, less than 5% voiumetric change, less tEan 1% volumeatric changs or
less). Because lhe sidewalls of the filter caégaﬁe may be relatively thin, less materal is
needed for a dispesable part. The &nd plales of the filtar cassetie may be of sufficient
thickness to withstand the expected operating pressures. In other embodiments, the end
plates may also be thin and rely on sheath 710, lever end plate 770 or other siructurs for
ardittonal support.

[00165] The embodiments of Figure 24 and 25 provide = fiitration system with single fiter cassetie.
‘ Howgver, it rmay be useful to provide multiple fillers in 2 filtratlon syster. Figuras 27-20
ilusirate one embaodiment of a filtration system 800 with a main assembly 368 that
accommodates multiple filters. Main assembly 805 may include main assembly inlet ports
910, main assembly outlel ports 815 and main assembly vent ports 820 corresponding to
various fiters. In this example, sach filter can be Housad in s own sheath and have
correspending support afms 7156 and levars 725, but the filteras san share a common base
705. The various main assembly ports Gan be connected to allow for filtration In parafiel (ses
Figure 28}, in series (ses Figure 29} or 2 combination of in serles and paraliel according fo
fubirg 830, The embaodiment of Figurss 2?;-29 provide the advaniage that Instrumentation,
such & pressurs sensors, parlicle counters and other instruments may be easily added
between the manifold inlst and outlet porte to aliow for process moniforing by apuropriate
gonnestion of tubing 930 fo the instrumentation, |

[00166] In order to ald in operations, 2 fittration systerm may include a variety of fealures to aid in
precess monitering or operations. Figure 30, for example, itustrates an embodiment of a
filtration system 900 n which end members 770 include cutouts exposing the end covers
210 of the filter cassettes. End covers 210 may include bar codes, optical symbols, RFIDs
or gther tags to provide information to humans or rabots regarding the installed {fter
cassetles. Additiorally, filter carfridges may include integraiad sensors, As another
example, fllter cartridges may include {abs, hooks or other features molded into end cavers
510 that aflow the filtar cartridgas to be saslly manipulated by robots.

[00167] Furtharmore, filtration systern 800 may include RFID readers {e.9., atached to base 705,
support arms 715 or elgewhere) or other sensors that canlread infermation fags an filters in
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filtration system 900 {e.g., on end cover 210). RFID readers may have a limited range “R”",
say 4 inches. If the length “L” of cassette is greater than R, the RFID tag can be placed on
the cassette so that the RFID reader cannot read the RFID tag when the cassette is placed
in the filtration system in the wrong orientation or placed in the wrong bay/sheath. Control
schemes can be implemented so that upstream components will not provide fluid to the
filtration system if a cassette is installed improperly, or not installed at all. Embodiments may
also include sensors located throughout the manifold to read various fluid properties such as
pressure or temperature.

Figures 31A-B are diagrammatic representations of one embodiment of a support arm 715
and port blocks 720 in which the outlet interface 850 and vent interface 855 ports are in
separate blocks biased by springs 960. According to one embodiment springs 860 can be
protected from fluid splashes or ieaks. While the port block is shown as having the filter
outlet interface port and the filter vent interface port, the port block({s) may also include a

filter inlet interface port. Thus, a tip/tilt mechanism can be used for a filter that has all its

ports on top.

In the embediments discussed in conjunction with Figures 27-29, the filtration system
included reconfigurable flow paths that could be reconfigured through routing of tubing. In
other embodiments, it may be desirable to have a manifold with internal flow paths that are
reconfigurable. Figure 32 is a diagrammatic representation of another embodiment of a
filtration system 1000 comprising a manifold 1005 and a set of filters 1010. Manifold 1005
receives fluid from upstream components, directs the fluid through set of filters 1010 and
supplies the filtered fluid to downstream components. Manifold 1005 can include a number
of ports to interface with upstream piping, downstream piping and the set of filters 1010. To
interface with other systems, manifold 1005 includes a manifold inlet port 1015, a manifold
outlet port 1020 and a series of vent ports 1025. Inlet port 1015 generally connects to
upstream piping and acts as the inlet to filtration system 1000. Outlet port 1020 generally
connects to downstream piping and acts as the outlet for filtration system 1000. Manifold
vent ports 1025 generally connect to drain or other piping routed to handle fluid vented from
filters. To interface with the set of filters 1010, manifold 1005 can further include a series of
filter inlet interface ports 1030 to provide fluid to filters and filter outlet interface ports 1035 to
receive fiuid from the filters. Additionally, if the filters include vents, manifold 1005 can
include one or more vent interface ports 1040.

[00170] According fo one embodiment, manifold 1005 can comprise multiple manifolds working in

cooperation to provide fluid to filters, illustrated as a first manifold 1045 and second manifold
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[00171]

[00172}

1050 in Figure 32. First manifold 1045 can be hard piped into a tool and direct fluid to/from
second manifold 1050. The manifolds 1045 and 1050 can include the appropriate ports so
that the manifolds may interface with each other. For example, first manifold 1045 can
include a manifold interface outlet port 1055, a manifold interface inlet port 1060 and
manifold interface vent inlet ports 1065 while second manifold 1050 can include
corresponding manifold interface inlet port 1070, manifold interface outlet port 1075 and
manifold interface vent outlet ports 1080. The manifold interface ports may include any
suitable connectors for creating a sealed connection. According to one embodiment, the
manifold interface ports sealingly engage through a simple linear motion.

Turning briefly to set of filters 1010, each filter 1085 can include appropriate ports to
interface with manifold 1005, such as a fiiter infet port 1090 to interface with filter inlet
interface port 1030, a filter outlet port 1095 to interface with filter outlet interface port 1035
and one or more inlet and outlet filter vent ports 1100 and 1105 to interface with vent
interface ports 1040. The ports may interface with each other in a “quick-connect” fashion
with a set of connectors that sealingly engage through a simple linear action. According to
one embodiment, the filter may engage with the manifold using O-ring-less fittings and fitting
assemblies as described in United States Patent No. 7,547,049 entitied “O-Ring-Less Low
Profile Fittings and Fitting Assemblies” by Gashgaee et al., issued June 16, 2009, which is
hereby fully incorporated by reference herein, or other connection mechanism.

Returning to manifold 1005, manifold 1005 can be configured so that fluid passes through
filters 1085 in parallel, in ser_iéé or some combination thereof. Figure 33, for example, is a
diagrammatic representation of one embodiment of filtration system 1000 illustrating inlet
flow passage 1110 and outiet flow passage 1115. As illustrated in Figure 33, manifold 1045
defines a portion of inlet flow passage 1110 and outlet flow passage 1115 and manifold 1050
defines a second portion of inlet flow passage 1110 and a second portion of outlet flow
passage 1115. Manifold 1005 is configured in Figure 33 to distribute fluid to filters 1085 in
parallel. In this embodiment, inlet flow passage 1110 connects inlet port 1015 to the filter
inlet interface port 1030 for each filter and acts as the inlet flow channel to each filter. Thus,
when filters 1085 are connected, each filter inlet port 1090 is fluidly coupled to inlet port 1015
in parallel. Qutlet flow passage1115 connects the filter outlet interface port 1035 to outlet
1020 and acts as the filter outlet flow channel for each filier. Thus, when filters 1085 are
connected, each filter outlet port 1095 is fluidly coupled to manifold outlet port 1020 in
parallel. '
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Figure 34 is a diagrammatic representation of one embodiment of filtration system 1000 in
which manifold 1005 is configured to distribute fiuid to filters 1085 in series. In the
embodiment of Figure 34, inlet flow passage 1110 connects inlet port 1015 to the filter inlet
interface port 1030 of the first filter in the series. Interfilter flow passages 1120 connect the
filter outlet interface port 1035 for a filter to the filter inlet interface port 1030 of the next filter
in the series. In this case, each interfilter flow passage acts as an outlet flow channel for a
particular filter and an inlet flow channel for the next filter in the series. Finally, outlet flow
passage 1115 connects the fifter outlet interface port 1035 for the last filter in the series to
outlet port 1020. Filtration system 1000 can also be configured to distribute fluid according
to other schemes. Figure 35, for example, is a diagrammatic representation of a filtration
system 1000 in which the manifold is configured to distribute fluid in parailel to two sets of
filters in series.

tn addition to the inlet, outiet and inter-filter flow passages, manifold 1050 may include
additional flow passages as needed. Figure 36, for example, is a diagrammatic illustration of
one embodiment of filtration system 1000 illustrating vent flow paths 1125 coupling inlet and
outlet filter vent ports 1100 and 1105 to manifold vent ports 1025. Manifold vent ports 1025
can be further coupled to drain.

Figure 37 is a diagrammatic representation of one embodiment of a filtration system having
interchangeable manifolds. The filtration system, according to one embodiment, can
comprise a main assembly 1130 and a set of filter bay assemblies 1150 containing filter
cassette holders 1 155 configured to receive filter ca"ésettes 1160. Main assembly 1130
provides the necessary fluid connections to a filter cassette disposed in filter bays 1150.
According to one embodiment, main assembly 1130 can comprise a manifold having a first
manifold 1045 and a second manifold 1050 and a filter bay housing 1162 to receive
removable filter bay assemblies 1150 that define filter cassette receiving areas. A filter
cassette can be inserted through an open end of the filter bay and received by the respective
filter cassette holder 1155. The filter cassette holder 1155 is operatively coupled through the
respective bay assembly to the main assembly 1130 such that the filter cassetie is movable
from an unmated position to a mated position. Manifold 1050 can be removed and replaced
with a different manifold 1050 (not shown) that has a different flow path configuration to
reconfigure the filtration system.

According to one embodiment, a filter bay assembly 1150 can include a filter bay door 1185.
A filter cassette can be inserted through a generally horizontal motion when the filter bay
door 1165 is in an open position. Closing the filter bay door 1165 can cause linear
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fransiation of te filter cassatie relative fo the manifold so that the filter cassette can be

movad from an unmated posilion to & mated position.

Figures 38A-B are diagrammatic representalions llustrating that the fller cassette can mate
with sscond mantfcld 1050 by transtating perpendicuiar to the surface of manliold 1050, in
this case vertically from ihe lowared posilion fo a raized position, so that corresponding filter
irlet, outiet and vaent ports on each cassetts are in fiuid communication with and sealed to
correspdnding poris of secend manifold 1050, Linlike some systems, the ports of the
caszetie do not have to be piveted to the ports of manifold 1050, reducing potential rubbing
and defermation.

Figure 39 is a diagrammaﬁ%; representation of one embodiment of a filter bay assembly 1150
for receiving a filter cassette. Filter bay assembly 1150 can include a set of sidewalls

1208 and 1210 and @ bay bass 1212 that define a filter bay casselie receiving area, The
wicth of the filter bay and cassaite can be selected so that the sidewalls of the cassette
contact the Inner surfaces of sidewalls 1208 and 1210, As described gbove, sidewalls 1205
arnd 1210 can be configured 1o provide reinforcement to e sidewalls of the filter caszetie
when the filier casseite is instaﬂed in the filler bay,

Filter bay assembly 1150 may include a mechanism fo receive and relain a filter casselte.
Any suitabie mechanism can be used to receive the filler cassette. According o one
embedirment, fiter bay assembly 1150 Includes a cassetie holder 1155, In one embodiment,
the cassetts holder can be a slofted track for receiving a guite member of the filter caseette.
The slotted track can be qpén on at least ane end and along the top. The guide member of j
the cassetie may be nsered in the track using a generally horizaﬂ{a} sliding motion. The
{raci«;'may include a etop fo prevent a cassette from being Inserted oo far into the filter bay.

Cassette holdar 1185 may be coupied to an elevator mechanism such that the filter casselis

. can be lified from an initial position to & posttion in which the filter is mated with the manifold.

. According 1o one embodiment, the slevator mechanism can include a set of linkeges {one

00181}

embodiment of which is dizcussad in more detall below) that act as a cam so that the filler
casselie remains n the raised posifion uniess sufficient foree is applied to cause the
linkages to rotale. According 1o one embodiment, crossbars 1241 and 1249 can operatively
soupie the iiniaages o cassetis holder 1155,

A filter bay door 1186 can be operatively coupled to the elevator mechanism so that
movement of filter bay door 1185 causes ihe elevator mechanism to iift or lowar the fiiter.
According to one embodiment, filter bay door 1168 can rotate from & fully open position to a
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fully closed position. The elevator mechanism is in its fifted position when filter bay door
1165 is in the fully closed position and the elevator mechanism is in its lowest position when
filter bay door 1165 is in the fully open position. Fiiter bay door 1165 may be positioned so
that as filter bay door 1165 rotates, filter bay door 1165 pushes the filter cassette fully into
the filter bay prior to the elevator mechanism reaching its lifted position. This can help
ensure that the filter is properly aligned with the manifold when the filter is raised.

Figure 40 is a diagrammatic representation of one embodiment of a filter bay assembily 1150
with filter bay door 1165 transitioning from an open position to a closed position to raise
cassette holder 1155. Figure 40 further iliustrates one example embodiment of an elevator
mechanism that includes multi-bar cam linkages. According to one embodiment, filter bay
door 1165 can include a main door portion 1232 and an L-shaped link 1234, L-shaped link
1234 coupled to main door 1232 at a first end and the filter bay assembly sidewall at a
second end (represented at 1238). Between the ends, link 1234 is further rotatably coupled
to link 1236 (represented at 1237). Second link 1236 can be a hook-shaped link that, in
addition to being rotatably coupled to main door linkage 1234 at a first end, is rotatably
coupled (represented at 1240) to a crosslink 1239 near a second end. Link 1236 is further
rotatably coupled to a crossbar 1241 at a point hetween the first end and second end of link
1236 (represented at 1242). Relative rotation of links 1234 and 1236 cause crossbar 1241
to raise and lower.

The rear linkage of the iilustrated embodiment includes link 1245 and 1246. Link 1245 can
be a hook shaped link that is rotatably coupled (represented at 1247) to link 1246 at a first
end, crosslink 1239 at a second end (represented at 1248) and a crossbar 1249 at a point
between the first end and second end (represented at 1250). in addition to being rotatably
coupled to link 1245, link 1246 can be rotatably coupled to the sidewalt of fiiter bay assembly
1150 {represented at 1251). Relative rotation of links 1245 and 1246 cause crossbar 1248
to raise and lower. Slots in the sidewall can accommodate vertical motion of crossbars 1241
and 1248, As discussed above, crossbars 1241 and 1249 are coupled to filter cassette
holder 1155.

According to one embodiment, when bay door 1165 is in a closed position, the various axes
of rotation of each set of linkages become approximately vertically aligned (in the example of
Figure 40, tilted slightly toward the back from bottom to top). Consequently, the elevator
mechanism will, in general, stay in the lifted position. Sufficient force is required to rotate bay
door 1165 to bring the axes of rotation out of alignment, The linkages act as a cam to
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translate rotational motion of the bay door 1165 into vertical motion of the filter cassefte
holder 1155.

Each filter cassette holder may be coupled to a separate elevator mechanism so that the
filters may be individually raised and lowered. Consequently, when only one filter needs to
be replaced, only that filter need be lowered and removed while filtration continues through
the other filters. In other embodiments, a filter bay assembly 1150 may accommodate
multiple filters with the multiple filters lifted by a single elevator mechanism or each filter

| lifted by its own elevator mechanism.

Figure 41 is a diagrammatic representation of a portion of one embodiment of a main
assembly comprising first manifold 1045 and filter bay housing 1162. Filter bay housing
1162 comprises a sef of sidewalls 1260 and a rear wall 1265 that form a housing cavity open
on a front side. The ends of sidewalls 1260 may curve inward to form guides 1264 that are
received by complementary grooves in the second manifold 1050 (not shown) fo guide
second manifold 1050 to first manifold 1045. Other embodiments may include other guide
mechanisms to guide second manifold 1050 to manifold 1045. A set of fingers 1270 extend
inward from rear wall 1265 to divide the housing cavity into a manifold receiving area and
filter bay receiving areas. Filter bay housing 1162 may be formed of any suitable material
including polymers, metais and composites.

One embodiment of manifold housing 1162 can have a manifold locking mechanism to lock
manifold 1050 in the manifold receiving area. One embodiment of a manifold locking
mechanism may include a manifold lock bar 1280 having manifoid iock bar end members
1285 rotatably coupled to the sidewalls of housing 1162 and one or more crossbars 1280
that may extend across the front opening of the manifold receiving area. Manifold lock bar
1280 can rotate from an “open” position in which it does not obstruct the opening to manifold
receiving area to a “closed” position in which it does obstruct the opening, thereby
preventing second manifold 1050 from becoming uncoupled from first manifold 1045.
Additionally, as illustrated in Figure 41, manifold fock bar 1280 n&ay be operatively coupled to
a set of pins 1295 such that rotation of manifold lock bar 1280 causes the pins 1295 to raise
and lower. Pins 1295 may pass through corresponding holes in fingers 1270 and the ends
of the pins may be received in pin receiving holes of manifold 1050. A spring 1297, with one
end contacting the underside of the comresponding finger 1270 and the other end contacting
a shoulder of a corresponding pin 1285, may bias the pin to a downward position. As shown
in Figure 42, manifold lock bar 1280 may be placed in a closed position with pins 1285
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paseing ’chré:;ugh pin holes 1293 in the end of fingers 1270 and received in pin recelving
holes 12968 of second manifald 1050,

Figure 432 Is a disgrammatic réf;resen’ration of another embodiment of main assembly 1130
with second manifold 1053, ﬁrs{'manifﬁlcf 1045 mnd housing 1182, Main ésaembiy 1130 may
further include a support 1300 mounted supporting a piurality of pneumatic vent valves 1301,
Whiie Flgure 43 Bustrates support 1300 supporiing valves, support 1300 may support
sensors, such as RFID readers or other devices.

Flgure 43 further llustrates that some embodiments may include a drain iniérlock lever 1303.
Drain interiock lever may have first and second end members 1305 rotatably coupled

to the sidewslis of filter bay housing 1162 and a lever bar 1310 extending between the first
and second end members 1305, Drain interlock lever 1303 is rotatable from a first “open”
position in which laver bar doas not shstrust the opening of the filter bay receiving areato a
sacond “ciosed” position in which lever bar 1310 extends across the front opening of the
filter bay receiving area, Ai::cgrd'mg o one embadimant,'drain interlpok lever 1303 is
nperatively coupled to drain valves '1 301 so that the drain valves are open whan the drain
interock lever 1303 is in the closed/ralsed position. }n e closed position, drain interock
lever 1303 pravents filters from being removed. “The dtain interiock system can prevert

removal of ﬁ!tars uniess the draing are oper.

One ptocess nf installing an embodiment of filtration system is desoribed in conjunction with
Figures 44-45. In operation, main assembly 1130 can be instatied with‘ﬁrst rmanifoid 1045
hard piped to & tool. As shown in Figure 44, filter bays 1150 can be added in the filter bay
racelving area of housing 1182. Agcording to one embodiment, filter bays 1150 can be
placed through the front opening of the filter bay receivfng area using 2 generally horizontal
motion. The dramn irterlock lever 1308 is llustrated in Figure 44 {0 shaw that the filter bays
can be installed when drain interlock lever 1303 is in the open position,

Filter bay assambliss 1450 may be removable from the housing cavity making replacement

" and repair moere modular. in other erﬁbodiménts, fitter bay assemblies 1150 may be

integrated with housing 1162, In yet other embodiments, filter bay assemblies 1150 may be
omitied and the cassette holders may be coupled directly fo the housing. The cassettes may
be independently movable or movable as a group.

The appropriate second manifold 1080 can also be added. As shown in Figure 45, second
manifold 1050 may enter the front epening of the manifoid receiving arsa and mate with first
rmanifold 1045 by franslating with a horizordal sliding motian uniil corresponding ports of first
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rnanifol& 1045 and second manifold 1050 are in fluid communication with each other, |
According to one smbodiment second manifold 1050 slides In and is pressed firmly into
caonnzgetion with first manifold 1048, mating radlal compression seals (e.g., O-rings, apring-
hacksd Téﬂcn or other ésaﬁ}. Manifald lacking bar 1280 can be brought o ihe clossd
pesition fo secure manifold 1050 in place,

The second manifold 1050 can bé selected 1o provide parallel, serial or other filtration in &
single fitration unit. Figures 48A-C are disgrammalic representations of one smbodiment of

- & secand rhanifold 1050 for praviding serial #itration, showing embodiments of featurss

[LO1R4]

[00495]

discugsed above in carjunction with Figureé 32-36. Further as fllustraied in Figure 466:, the
filker outiat imerface part 1028 may also Includs a vent opaning 1047 so that gas may vent
at the filter outled. Figures 47A-B are diagrammatic repressntations of ore embodiment of 2
second manifold 1050 providing for parallel filration, showing smbodiments of featurss
discussed above. In addition fo various features discussed above, Figures 46A-C and »

47A-B illustrate that second manifold 1050 can include side surface grooves 1244,
Additionally, these figures lustrale that sacond manifold 1050 can include pirt rscaeiving
holes 1296 o receive retaining pins, as discusssd above. Second mantfold 1050 can be
fotmed from aleophilic resing, perflucrinated resin, (such as, but not limited to,
polvistraflucrosthylens (FTFE), fluorinated sthylene propylere (FEF), perﬂuuroéikoxy
polymer (PFA)), polyvinylidene fluoride {PVDF), polyimide, polyetherimide,
nolysarbonale, polyethylens (PE), polypropylens (PP), polyether ether katone (PEEK],
palyimids, polyetharimide, metals or othay matetials,

Figurés 48A and 488 are dlagrammatic representations of one embodiment of a first
manifold 1045 Bustraling various fe:atﬁres discussed above., First manifold 1045 can be
formed from oleophilic resips, perfluorinated resin, [such as, but not limited fo,
pohvistrafiuoroethylens (PTFE), fuorinated ethylene propylene (FEP), perfluorcalkoxy
polymer (PFA)), polyvinylidene fluoride (PVDF), polyimide, polyetherimide,
polycarbonate, potyatiyiens (PE), polvpropylena {PF), polyethert ether ketone (PEEK),
metals or other materials.

In some cases, K may be desirable to not use filiers in cerlain bays. For example, a
manufacturer may wish to test manifold seais without fitttation. As another example, an end
user may not require the mevdmum number of Sliers aﬁ’ordéd by the filtration system whesh
the system is installed but riay anticipate using them in the fulwe. To this end, durmmy

.cassettes may bse pta_ced I one or more of the filter bays 1150, One type of ‘dummy

cassetie routes fluid toffrom the appropriate ports, but dees not include a filter slamant.

T
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Figure 49 is a diagrammatic representation of ong embodiment of a dummy cassetie 1340,
Dummy cassette 1340 may include a bass 1345 that includes 2 guide member compatible
with the cassette holder, a body 1350 and inlet and outlet port members 838 and 842, Body
1350 defines a fiow péssage 1355 betwaen the inlet and outiet ports. Body 1350 can ba
formed from oleaphilic resins, perfluorinated resin, {such ag, but not limited to,
polytetrafiuorosthylane (FTFE), fluorinated sthylene propylene (FEP), perflucrcalkoxy
polymer (PFA)}, polyvinylidene fluoride (PVDF), polyimide, polyetherimide,
poiyearbonate, polyethyiens (PE), polvaropylsne (PP), polyether ather ketone (PEEK),
metals or other materials. A dummy cassette such as shown in Figure 49 can be used in
conjunction with either serial or parallel second manifoids 1080, Hoewever, for paraliel
second manifoids 1050 there is no nead to connect the inlet and outlei filer ports,
Accordingly, another embodiment of body ’%356 nﬁay tack flow passage 1355 and may simply
be a solid bloek of material or shell with plugged ports. ' ‘

Although spa_»cif'ic: etnbadiments have been described, these embodimenis are meraly
illusirative, and not resirictive of the invention. The description herein of lustrated
embodiments of the_inveﬂﬁbn, including the description in the Abétraci and SBummary, is not
intended to be exhausiive or io limit the invention fo the precise forms disclosed harain {and
ifr particular, the inclusion of any particuiar embediment, feature or function within the
Abstract or Summary is not infended 1o limit the scope of the inventlen to such emboadiment,

feature or function). Rather, the description is infended o desocribe illustrative embodiments,

featiures aﬁd functiona in order ic pmvfdcg a parsan of ordinary skill i the arf context to
understand tha invention without fimiting the invention to any parficularly described
embodiment, fagture or function, including any such embodiment feature or function
described in the Abstract or Summary, While specific embodiments of, and examplas for,
the invenfion are described herein for lustrative purposes only, various eguivalent
modifications are possible within the spint and scope of the Inventinn, as those skilled in the
relevant art will récognize and appreciate. As indicated, these modfications may be mads to
the invention i ight of the foregoing description of llustrated embodiments of the inventon
and are to he included within the spirit and scope of the invantion. Thus, while the invention
has besn deseripad herein with reference to particular embodiments thereof, a letitude of
modification, various changes and subsiitulicns ars intsnded in the foregeing disclosures,
and it will be appreciated that in somzs inglances some features of embodiments of the
Invention will be employed without a corresponding use of other features without departing
from the scope and spirlt of the invention as set forth, Tharefore, many madiflcations may be
made fo adapt a parficuiar situation or material to the essertial scope and spint of the
invention. For example, the mermbrane ean be surtace modified by chemiocal coating,
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plésma tregtment, laser or lamp freatment and the like to Inciude lon exchange groups,
hydrophilic groups, hydrophobic groups and other functional moieties, ‘

Reference throughout ihis specification to "one ambodiment™, "an embodiment”, or "a
speciflc embodiment” or similar terminology means that a particular feature, structurs, or
characterisiic described in connection with the embodiinent is included in at lsast one
embodiment and may not necaessarlly be present in all embodiments, Thus, raspective

“mppesrances of the phrases "in one embodiment”, "in an embodiment”, or "in a spacific

embodiment” or similar ferminology in various places throughout this specificalion are rot
necessarlly refering to the séarrse embodiment.  Furthermors, the pariicular features,
structures, or characteristics of aﬁy parﬁcmar ampodimant may be combined in any suitable
manner with one or more other ambodiments. | is to be understood that other variations and
rﬁodiﬁbatimns of the embadiments described and Hflustrated hersin are possibis in light of the
teachings hetein and ars to be considerad as part of the spirit and scope of the invention.

i the description herain, hurneraua specific detalls are provided, such as exampies of
cormpunents andfor methods, o provide 2 tharough understanding of efnﬁcaiments of the
invention, One skilled in the relevant art will recognize, howaver, fhat an embodiment may
be able o be pracined without one or more of the spacific detalls, or with other apparatus,
systems, assemblies, methods, components, malerials, parts, and/or the like. in ather
instances, well-known structures, components, systems, materials, or operations are not
specifically showr or déscribéd in detal to avoid obscuring aspacts of embodiments of the
invention. While the invention may be ltustrated by using a particular eambcd':men‘ﬁ, this is
not and doss not limit the Invention to any particular smbodiment and a persén of ordinary
skill in the art will recognize that additional embodiments ara readily understandable and are
7 part of this nvention. '

i will also be appracizied that ohe or more of the elernents depictad in the drawinps/figures
can aiso be implementsd In 2 more separated or integrated manner, or even removed or
rendered s inoperable in certain cases, as ie useful in accordance with a particular
appéicatﬁmn. Adcllionally, any signal arrows io the drawings/figures should be considared only

as exemplary, and not imiting, unless otherwizse speciiically noted,

LS

As usad haersin, the terms “comprises,” “comprising,” "includsas " "including,” "hag," “having,"
or any other variation therecf, are Intended o cover a non-exclusive inclusion. For exampls,
a process, product, article, or apparaius ihat comprises a list of slements is not necessarily

lrmited only thoss alements but may inciude piher slements not expressly fisted or inherant

to such process, article, or apparatus.

- 48 -



WO 2013/652093 PCTIUS2012/000437

[00201] Furthermore, the term "or" as used herein is generally intended to mean "and/or” unless
otherwise indicated. For example, a condition A or B is satisfied by any one of the following:
Ais true {or present) and B is false (or not present), A is false (or not present) and B is true
{or present), and both A and B are true (or present). As used herein, including the claims
that follow, a term preceded by "a" or "an” (and "the" when antecedent basis is "a" or "an")
includes both singular and plural of such term, unless clearly indicated within the claim
otherwise (i.e., that the reference "a" or "an" clearly indicates only the singular or only the
plural). Also, as used in the description herein and throughout the claims that follow, the
meaning of "in" includes "in" and "on" unless the context clearly dictates otherwise. The
scope of the present disclosure should be determined by the following claims and their legal
equivalents.
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claims

1. A filtration system for filtration of liquids, comprising:
a mn—tﬁyﬁndrical removable filier cassette, the filter cagsetfs comprising:
a filter housing comprising filter housing sidewalls defining a filier cavity
having an upstream purticu-n and a downsiream portion;
a fittar element disposed in the filter housing;
~ an inlet port in fluid communication with the upstream portion of the filter
cavity; ‘ '
an putlet port in fluid communication with the downstream portion of the filter
cavily;
a filter cassette receiving area open at a first end and having a set of filter cassefie
receiving area sidewalls; o
& filter cassette holder configured to receive and retsin the filter cassetie, the fitter
cassette holder configurad fo hold the fliter cassatte in the filter cassette recelving area with
the fiiter housing positioned between the set of filter cassette recelving area sidewalls and
corfigured o hold the lter casselle in an uhmated pc:sition.in which the filtzr inlet port and
outlet port are not engaged with cormresponding filter interface ports; and
a main assembiy further combr‘;sing a filier inlet interface port configured to recefve
the filfer inlet port, and = fllter outiet interface port configured to receive the filter outlet port
and defining flow paths to direct flow to and from the filter cassette; and
wharein the filier cassette helder is movably coupled to the main assembly such that
the filter casseite retained by the filter cassefte hoider is movable rekative fo the main
assembly from the unmated position to a mated position in which at least ona of the filter
inlef port or filter cutiet port i angaged with the coresponding filter interface port.

2. The filtration systern of Ciaim 1, wherein the filter cassette is received in the filter
cassetie receiving area by the filter holder through fingar transiation of the filter cassette.

3. The filtration system of Claim 2, wharein the filter casseits comprises a guide rail

an & boltormn and the cazsetie heider comprises a track configured fo accommopdate the
guide rail. ‘
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4. The fitration system of Claim 2, whergin the cassetiz holder further comprises a
sheath defining the filter casselle recaiving area, and wherein the casselte receiving area

sidewalls comprias sheath sidewalls,

5. The filtration sysiem of Claim 4, wherein the sheath is rotatably coupled to the
main agsembly sush that the filter cassette is rotatable from the unmaied position 1o the
matsd position. ‘

6. The filration system of Claim 5, whersin the filier inlet port is located toward 2
front end of the and when tha fiter cacsette is in the unmated position, the fiitar cassette is
filied downward from front to back,

7. The filtration system of Claim 6, wherein the main assembly further comprizes:

& base porfion below the filler cassetle holder, the base portion coupled o the Titter
inlet interface port; and ' S

a support arm overhanging the filter cassette holder, the suppor arm coupled 1o the
fitter outlet interface port.

8. Tne filration system of Claim 7, wherein:
the main assembly further comprises a guide member defining 2 first lrack and a
secord track;
thé sheath comprises a sheath guide pin disposed in the first track; ‘
the support afm comprises a support arm guide pir disposed in the second track;
and :
the first and second track are shaped o that rolelion of the guide member from &
first guide member posiiion to & second guide member position causes the filter inlet port to
mate with the filter infet interface port befors the filter outlel inferfacs port mateé with the filter
outlet port.

9. Afilration system for filtration of lquids, comprising:
= set of non-oylindrical removable fllfer cassettes having a fitier milet port and a filtler
outlet port, each of the fiter cassettes comprising: o
a filter housing comprising filier housing sidewalls defining a filter cavity
having an upstream porfion and 2 downstream portior; '
a filter element disposed in the filter housing;
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an inlet port in fluid communication with the upstream portion of the filter
cavity;
an outlet port in fluid communicalion with the downstrearm portion of the filker
cavity; )
& sel of filter cassette recsiving areas open at 2 first end and having a set of filter
casssite receiving area sidewalis; ‘
a set of filter cassstie holders configured fo receive and retain the setl of filter
casselies in the sat of filler casselte receiving areas; and
= main assembly further comprising fitter inie? interface potts configured fo receive
the filtter inlst ports and filter outiet interface parls configured o receive the fitter outlet ports
and defining flow paths o direct flow to and from the filter cassettes; and '
wharein each filter casestie hoider is movably coupled to the smain agsembly such
that a corresponding filter cassette refainad by that filter cassette hoider between the filter
cassette receiving area sidewalls and is movable relative to the main assembly from an
unmated pesition in an unmated position in which the filter inlet port and outlet port are not
engaged with corresponding fiter interface ports to & mated position in which st least one of
the filter inlet port or filler outlet port is engaged with the correspoending filker interface port,
wherein esch filter cassstte holder is indepehdently movable from other filter cassetie

holders.

10. The filiration sysiem of Claim 9, wharein each filler cassette comprises a guide
rail on a bottom of the cassetio and each cassetle holder comprises a track configured to
accommodate the guide rall of the corresponding fifter cassetls,

11, The filiration systom of Claim ¢, wherein each filter cassette halder furiher
comprises a sheath defining & corresponding Tilter cassetle receiving area,

12. The fillration system of Claim 11, wherein each sheath is rotatably coup!éd o
the main assembly such that the corresponding filter casselte is rotatable from the unmated

position the mated position.

13, The filiration system of Clair 11, whersin the inlet port of each filier cassette is
located toward a front end of the filler cassette and when the corresponding Tiiter casaetie is
in the unmated position, the corresponding filter cassetie is tihed downward from front fo
back.
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14, The filfration system of Claim 11, wharein the main assembly further comprises:

a base portion below the sef of filter cassette holders, the base partion coupled to
the filter inlet interface ports; and A ‘ _

& set of suppaort afths overhanging the set of filter cassstie holders, the set of support
arm coupled to the filker outlet interface ports,

15. The filtration systemn of Claim 14, whergin: ,

the main assembly furiher comprises a set of guide members, each guide member
defining a first frack and a second tracl;

each sheath comprises a sheath guide pin disposed in the first track of a
comesponding guide member,;

each support arm comprises a support arm guide pin disposed in the second frack of
a corresponding guide membear; and

the first and second track are shaped so that rolation of the guide member from a
first guidle member position 1o & second guidé meambar position causes 2 corresponding
sheath 1o rotate such that the filker intet port of the corre:sponding filter cassette mates with a
corresponding filter inlet interface port before the filter outlet interface port mates of sald
corresponding filter cassette matzs with a corrasponding fifier outlet port.

16. The filtration system of Claim 8, whereln the st of fllter casseltes are connecied

ity series,

17. The fliration syetem of Claim 9, whersin the set of filler cassettes are connecisd
in paraiel,

18. The filtration system of Clalm &, wherein {he main assembly compriges a set of
ports that can be connecied fo allow filiration in paraliel, in series or a combination of in
sarias and parallel according to tubing.

19. The flitration sysiem of Claim 9, wherein the main assembly comprises a
removable manifeld biock defining flow paths between the filier interface ports,
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