SYSTEMS AND METHODS FOR CONDITIONING A FILTER ASSEBLY

Disclosure of the Invention

[0001] The chemicals used in many industries, includirgrtticroelectronics industry
and the pharmaceutical industry, must be extreqmetg. Very fine filtration of these
chemicals is required, often at the point of usgetmove any contaminants that might
disrupt the processes used, or ruin the productientgy these industries. Generally, the
filter assemblies used to filter these chemicalsetampermeable filter medium. The chemical
will pass through the filter medium, and any contants in the chemical will be trapped
within or on the surface of the filter medium.

[0002] Before a chemical is filtered, systems and metledsodying the invention
condition the filter assembly and prevent the fiissembly itself from introducing
contaminants into the chemical. Generally, a mgdiquid is flushed through the filter
assembly to remove any contaminants that mighbbémed within the filter assembly,
even a newly manufactured filter assembly. Theipgrliquid may be any liquid that is
compatible with the chemical to be filtered. Fesd toxic or less expensive chemicals, the
purging liquid may be the chemical itself. Morgeof, the purging liquid may be a less toxic
or less expensive liquid component of the chenoca liquid solvent for the chemical. As
the filter assembly is flushed, the purging ligmdy displace any gas within the filter
assembly and carry away any gas and other contatsinantained in the filter assembly.
After flushing, the conditioned filter assemblyllefd with the purging liquid, may be stored
and/or shipped, and it may be used to filter trenulsal after the purging liquid is removed

from the filter assembly.

Summary of the Invention

[0003] Systems and methods embodying the invention majseeé to condition filter
assemblies one at a time or several at once. fifErtassembly may include a filter
medium, an inlet, a vent, and an outlet. Therfittedium may have an upstream side and a
downstream side within the filter assembly. THetiand the vent may be on the upstream

side of the filter medium, and the outlet may bdl@downstream side of the filter medium.



[0004] In accordance with one aspect of the inventionhoad for conditioning a filter
assembly may comprise opening an inlet of a fagsembly, filling an upstream side of the
filter medium within the filter assembly with a gimg liquid, and filling the filter medium
and the downstream side of the filter medium withia filter assembly with a purging liquid.
The methods may also comprise closing the inletegopdying a vacuum to an open outlet
while the inlet is closed to condition the filtesseambly.

[0005] In accordance with another aspect of the invenggstems for conditioning a
filter assembly may comprise a purging liquid syppl vacuum device, an inlet valve, and a
controller. The purging liquid supply may be cagile to an inlet of a filter assembly, and
the vacuum device may be coupleable to at leastidet of the filter assembly. The inlet
valve may be operable to open and close the ihlgiedfilter assembly, and the controller
may be connected to at least the vacuum devicéhenidlet valve. The controller may be
operable to open the inlet valve and supply purgijgd from the purging liquid supply
through the open inlet to fill the upstream sidehef filter medium, the filter medium, and
the downstream side of the filter medium within fiter assembly with purging liquid. The
controller may also be operable to close the wvaéte and actuate the vacuum device to
apply a vacuum to an open outlet of the filter esg filled with purging liquid.

[0006] Methods and systems embodying these aspects wiietion have many
advantageous features, including, for exampleufeatthat are highly effective for removing
any contaminants from the filter assembly befoeefilter assembly is used to filter any
chemicals. For example, by filling the filter asgdy, including the upstream side of the
filter medium, the filter medium itself, and thevdustream side of the filter mediums, with
purging liquid, methods and systems embodyingrtliention ensure that the filter assembly
is thoroughly flushed by the purging liquid. Camiaants, including gas such as air, in the
interior of the filter assembly are displaced andérried away by the purging liquid, leaving
the filter assembly largely free of contaminarfsirther, by applying a vacuum to the open
outlet while the inlet is closed, any remaining teoninants, especially any gas trapped in the
pores and voids of the filter medium or entrainethie purging liquid, are quickly and
effectively removed via the open outlet by the wanu For many embodiments, both the
outlet and the vent may be opened while the isletased, and the vacuum device may apply
the vacuum to both the open outlet and the opehtaezven more quickly and effectively

remove any remaining gas in the filter assembly.



[0007] In accordance with another aspect of the inventioethods for conditioning a
filter assembly may comprise conditioning a fileessembly by 1) passing purging liquid
through an open inlet, along an upstream sidefittta medium, through an open vent of the
filter assembly to a waste reservoir and 2) pasgurging liquid through an open inlet,
through the filter medium, along the downstreane sifithe filter medium, through an open
outlet of the filter assembly to a waste reservdine methods may also comprise replacing
the conditioned filter assembly with a second a&demmaving a similar inlet, outlet, and
vent, closing the inlet of the second assembly,@ssing the purging liquid from the waste
reservoir to the second assembly through at lessbban open outlet and an open vent of
the second assembly.

[0008] Methods embodying this aspect of the invention hksee several advantageous
features. For example, by passing the purgingdifjem the waste reservoir into the second
assembly, the purging liquid waste may be neattysafely contained within the second
assembly. The inlet, outlet, and vent of the sd@ssembly may be sealed, and the sealed
second assembly containing the purging liquid westg be appropriately disposed of, e.g.,
incinerated, without exposing either the environtr@rany service personnel to any
hazardous substances.

Brief Description of the Drawings

[0009] FIG. 1 is a schematic view of an embodiment ofsiesy for conditioning a filter
assembly.
[0010] FIG. 2 is a schematic view of another embodimerat system for conditioning a

filter assembly.

Description of Embodiments

[0011] Systems for conditioning filter assemblies in ademce with one or more aspects
of the invention may be embodied in any of numenags and may be used to condition
any of a great variety of filter assemblies, eittwee filter assembly at a time or a plurality of
filter assemblies all at once.

[0012] Each filter assembly may be variously configuréd. shown in Fig. 1, each filter
assembly 11 may include a filter medium 12 for reimg contaminants from a liquid

chemical used in an industrial process. For mdnese industries, e.g., the



microelectronics industry and the pharmaceuticdligtry, the chemical must be extremely
pure. Consequently, the filter medium may haveraaval rating in the microporous or
nanoporous range. For example, the removal ratiag be down to about 0.05 microns or
less than 0.05 microns, including about 40, 30,180 0r 5 nanometers or less. The filter
may, for example, be formed from a permeable metalaterial, a permeable ceramic
material, or a permeable polymeric material, ingigda permeable polymeric membrane or a
permeable sheet or mass of polymeric fibers om#ats. Further, the filter medium may
have, for example, a flat, honeycomb, pleatedpoally wound structure.

[0013] The filter assembly 11 may further include a hogsi8 which encloses the filter
medium 12, and the filter medium 12 may define pstieam side 14 and a downstream side
15 within the filter assembly 11. Before condiiium the filter assembly 11, including the
pores and voids within the filter medium 12, mayfibed with gas, e.g., air or an inert gas
such as nitrogen. The filter assembly 11 may @&rrthclude an inlet 20 and a vent 21 on the
upstream side 14 of the filter medium 12 spacenhfome another and an outlet 22 on the
downstream side 14 of the filter medium 12. THetjrthe vent, and the outlet may be
positioned at various locations on the filter agdsigtincluding the top, bottom, and/or sides.
In the illustrated embodiment, the inlet 20, thatv&l, and the outlet 22 may each be on top
of the housing 13. The housing 13 may define amaare flow paths within the filter
assembly 11, e.g., between the inlet 20 and the2&and between the inlet 20 and the outlet
22. For many embodiments, the filter medium 11 imaye a hollow, generally cylindrical
configuration, and a blind end cap 23 may be joiteeoine end of the filter medium 12. The
filter assembly 11 may be arranged for outsiddaw ffrom the upstream side 14 of the filter
assembly 11 on the exterior of the filter mediuntd the downstream side 15 of the filter
assembly 11 on the interior of the filter medium ¥ternatively, the filter assembly may be
arranged for inside-out flow. Many different filtessemblies may be conditioned by systems
and methods embodying the invention, includingfiissemblies available from Pall
Corporation of Port Washington, New York, USA, &tample, under the trade designation
EZD.

[0014] One of many different examples of an embodimera abnditioning system 10 is
also shown in FIG. 1. The conditioning system Hynmclude a purging liquid supply 24
which may be coupleable to the inlet 20 of theefihkssembly 11 in a variety of ways. For
example, an inlet line 25 may extend between thigipg liquid supply 24 and the inlet 20 of
the filter assembly 11. The conditioning systeny o include a waste reservoir

coupleable to the vent and the outlet of the fétesembly in any of a variety of ways. For



example, the waste reservoir may be a single resaroupled to both the vent and the outlet.
Alternatively, the waste reservoir may include atweaste reservoir 26a coupled to the vent
21 and separate outlet waste reservoir 26b coupléw outlet 22. For example, the vent
waste reservoir 26a may be coupled to a vent linex8ending from the vent 21, and the
outlet waste reservoir 26b may be coupled to aleblite 32 extending from the outlet 22.
The conditioning system 10 may also include a vatdevice 30 coupled at least to the
outlet 22 of the filter assembly 11 for applyingacuum to the outlet 22. For many
embodiments, the vacuum device 30 may be coupledttothe outlet 22 and the vent 21 and
may apply a vacuum to both the outlet 22 and time 2&. The conditioning system 10 may
further include an inlet valve 33 and a vent vélde The inlet valve 33 and the vent valve
34 may be operatively associated with the inlea@@ the vent 21, respectively, of the filter
assembly 11 to open and close the inlet 20 andghe21. For some embodiments, the
conditioning system may also include an outlet @alperatively associated to the outlet of
the filter assembly to open and close the ouft@t: other embodiments, including the
illustrated embodiment, no outlet valve may beudeld. Although the conditioning may be
done manually, for most embodiments, the conditigriystem 10 may additionally include a
controller 36 connected to one or more of the camepts to control the conditioning of the
filter assembly 11. For example, in the conditimnsystem 10 of FIG. 1, the controller 36
may be connected to the vacuum device 30, thevalge 33 and the vent valve 34.

[0015] The components of the conditioning system 10 magadnéigured in any of
numerous ways. For example, the purging liquidogumay be variously configured, for
example, as a tank or drum holding a large amoupti@ing liquid or a smaller container,
including a flexible container, that contains a Bemaamount of purging liquid. Various
containers for supplying purging liquid may be ahlée, including many of the containers,
reservoirs, and bags containing dispense liquidexgtified in United States Patent
Application Publication No. US 2005/0173458 Al. yAsf numerous purging liquids may be
contained in the purging liquid supply. A purgiiguid may be any liquid compatible with
the chemical to be filtered by the filter assembigjuding the chemical itself, one or more
components, e.g., the principal or base compooéthe chemical, or a solvent for the
chemical or the component(s). The chemical angbtinging liquid may vary depending, for
example, on the desired process within the indudfigr example, in the photolithography
industry, the chemical to be filtered may be a presctive chemical, such as a photoresist,
an antireflecting coating, or any other chemictdimled to be dispensed on a substrate wafer.

For many embodiments, the purging liquid may beesd for these dispensable chemicals.



Examples of such solvents include, but are notéichto, ethyl (S)-2-hydroxypropanoate, I-
methoxy-2-propyl acetate, cyclohexanone, butylateedihydrofuran-2(3H)-one, and I-
methoxypropan-2-01.

[0016] The waste reservoir 26a, 26b may be configuredviarigty of ways to receive
contaminated purging liquid from the filter asseynbl as it is being conditioned. For
example, each waste reservoir 26a, 26b may bed @k flexible container for receiving and
containing any contaminated purging liquid thatethe filter assembly via the outlet or vent.
[0017] The vacuum device 30 may be configured in any ofienous ways and may be
variously coupled to the outlet 22 or the vent Rihe filter assembly 11. For example, for
some embodiments the vacuum device may includet@dunechanism that generates a
vacuum which is applied to at least the outletr dtber embodiments, the vacuum device 30
may include a sealed chamber 28 and a vacuum pQropupled to the sealed chamber 28 to
evacuate the chamber 28 and generate a vacuunm withchamber 28. The vacuum
chamber 28 may be coupled to the outlet 22, eiathe outlet line 32, and may apply the
vacuum to the outlet 22. The vacuum chamber 28 aisybe coupled to the vent 21, e.g.,
via the vent line 31, and may apply the vacuunhéovent 21. Alternatively the vacuum
chamber may be coupled only to the outlet.

[0018] Any of numerous valves are suitable for the inkvg 33, the vent valve 34, and
any outlet valve. One or more of the valves mag ariable flow valve and may be used to
control fluid flow to and/or from the filter assetmb For many embodiments, however, the
valves may be binary on/off valves, for examplst fecting on/off valves, and fluid flow may
be controlled by the vacuum device 30. Each valag be located in a variety of positions to
open and close the inlet, vent, or outlet of thterfiassembly. For example, the inlet valve 33
may be located in the inlet line 25 and the vehter84 may be located in the vent line 31.
[0019] The controller 36 may be configured in any of aetgrof ways. For example, the
controller 36 may be an electronic controller arayrmclude, for example, a microprocessor
or a logic array, e.g., a programmable logic arfayimplementing the various steps

involved in conditioning the filter assembly. Toentroller may be a separate unit and may
be physically located with the remainder of thedibaning system or any of the other
components of the conditioning system. Alterndyivthe controller may be integrated with

a larger electronic system for controlling one amrenprocesses, €.g., the dispense processes,
in addition to conditioning the filter assemblyhélcontroller may be connected to any of the
components of the conditioning system to receivdd@rsend information about the system

and/or to regulate the functions of one or more mpaments of the conditioning system. For



example, the controller 36 shown in FIG. 1 may tenected to the vacuum device 30 to
control the flow of purging liquid from the purgitigiuid supply 24 to the inlet 20 of the

filter assembly 11. The controller 36 may alsa@benected to the inlet valve 33 and the vent
valve 34 to open and close the valves and corital through the inlet 20 and vent 21 of the
filter assembly 11.

[0020] The conditioning system may include one or moretemidhl components,
including, for example, sensors, such as pres&msoss, temperature sensors, flow sensors,
and level sensors, for providing additional infotima about the system. The additional
components may also include other devices, sudampeners, degassers, bubble traps, and
filters, for performing auxiliary functions withithe system.

[0021] Methods for conditioning a filter assembly in actamce with one or more aspects
of the invention may also be embodied in any of erous ways. After a filter assembly has
been installed in a conditioning system embodyirinvention, the filter assembly may be
conditioned according to any of these methods ta@dystem controller may be programmed
according to the steps, and the sequences of skepw;bed for any of these methods.

[0022] One of many different examples of an embodimermt obnditioning method may
include opening the inlet of the filter assembilfinig the upstream side of the filter medium
within the filter assembly with purging liquid, afiding the filter medium and the
downstream side of the filter medium within theefilassembly with purging liquid. For
many embodiments, opening the inlet of the fileseanbly may include opening the inlet
valve 33, e.g., at the direction of the controBér Alternatively the inlet valve may be
opened manually.

[0023] The filter assembly, e.g., the upstream side ofittez medium, the filter medium
itself, and the downstream side of the filter medimay be filled with purging liquid, e.g., a
solvent as previously described, in any of numewags. For example, the purging liquid
supply may include a pressure source that forcegmliquid from the purging liquid
container at a positive pressure (gauge), i.eressprre greater than atmospheric pressure.
Filling the filter assembly may then include forgipurging liquid into the open inlet at a
positive gauge pressure and into the upstreamo$itte filter medium, the filter medium
itself, and the downstream side of the filter mediwithin the filter assembly. Alternatively
or additionally, filling the filter assembly withupging liquid may include applying a

vacuum, i.e., a pressure less than atmospherisynego the outlet and/or the vent of the
filter assembly and drawing purging liquid into thygen inlet. Filling the filter assembly may

then include drawing purging liquid into the opatet at a pressure less than atmospheric



pressure and passing the purging liquid along gistream side of the filter medium, through
the filter medium itself, and along the downstreside of the filter medium within the filter
assembly. Filling the filter assembly may incldulst filling the upstream side of the filter
medium with purging liquid and then filling theték medium and the downstream side of the
filter medium. Alternatively, the upstream sidetloé filter medium, the filter medium, and
the downstream side of the filter medium may Hedilwith purging liquid all at the same
time. Further, filling the filter assembly may @aisiclude flushing purging liquid through the
filter assembly and out of the filter assembly tigio an open outlet and a closed vent,
through a closed outlet and an open vent, or thr@mgopen outlet and an open vent. For
example, the vent valve may be opened, either nligraraat the direction of the controller,
and purging liquid may be flushed through the oipéet along the upstream side of the filter
medium within the filter assembly through the opent to the waste reservoir. As purging
liquid passes along the upstream side of the fittedium, it displaces any gas and flushes
contaminants, including particulates or other safists shed or leached from the housing or
filter medium, through the open vent to the wastervoir, e.g., the vent waste reservoir.
[0024] For filter media that present a lower resistangaui@ing liquid flow, the purging
liquid may concurrently pass through the filter muedl, along the downstream side of the
filter medium, through the open outlet to the wastervoir, e.g., the outlet waste reservoir,
while the vent is open and purging liquid is pagsiiong the upstream side of the filter
medium. For many embodiments, however, the fitedium may present a higher
resistance to purging liquid flow. Then, the veraty be closed, e.g., manually or at the
direction of the controller, after the purging lidunas sufficiently displaced and/or flushed
gas and other contaminants from the upstream $ithe dilter medium within the filter
assembly. With the vent closed, the purging licgutsequently passes through the open
inlet, through the filter medium, filling all of éhpores and voids of the filter medium, along
the downstream side the of the filter medium, tlglothe open outlet to the waste reservoir,
e.g., the outlet waste reservoir. Again, as pydjouid passes through the filter medium and
along the downstream side the of the filter mediitrdisplaces any gas and flushes
contaminants, including particulates and other sufzes shed or leached from the housing
or filter medium, through the open outlet to thesteareservoir.

[0025] The flow rate of purging liquid along the upstresiaie of the filter medium,
through the filter medium and/or along the dowrastneside the of the filter medium may
vary depending on many factors, including the sizihe filter assembly, the nature of the

filter medium, e.g., the pore size of the filterdiem, and the flow characteristics, e.g., the



viscosity, of the purging liquid. Generally, therging liquid passes at a flow rate 1) that
provides a non-turbulent flow profile to inhibityamixing of gas with the purging liquid, 2)
that enables the purging liquid to flow to the boitof the housing and rise along the
upstream side of the filter medium in a manner tlspilaces gas and other contaminants
ahead of the rising purging liquid, 3) that enathespurging liquid to thoroughly fill the
filter medium and diffuse into all of the pores amids of the filter medium, displacing all of
the gas from the filter medium that might otherwismain trapped in the filter medium,
and/or 4) that enables the purging liquid to fiktinterior along the downstream side of the
filter medium from the bottom up in a manner thiapthces gas and other contaminants
ahead of the rising purging liquid. For many embehts, including embodiments intended
for the microelectronics industry, the flow ratepoirging liquid through the open inlet may
be in the range from about 3 mL/min or less to &l3®@0 mL/min or more, and the total
volume of purging liquid flushed through the opalet may be in the range from about 300
mL or less to about 8000 mL or more.

[0026] The embodiment of Fig. 1 illustrates one of marffedent examples of
conditioning methods embodying the invention. illdHe filter assembly 11, the inlet valve
33 and the vent valve 34 may be opened, e.g.edlithction of the controller 36. The
controller 36 may then actuate the vacuum devic® 3@nerate a vacuum which may be
applied to the open outlet 22 and the open vemtf 24¢ filter assembly 11, e.g., via the
outlet line 32 and the vent line 31. For many ednp@nts, a vacuum in the range from
about 0.04 MPa or less to about 0.1 MPa may beeapfu the open outlet 22 and the open
vent 21 to draw purging liquid into the open i@t Purging liquid, e.g., a solvent as
previously described, may then be drawn from thegipg liquid supply 24 into the open
inlet 20 of the filter assembly 11, e.g., via thiet line 25. From the open inlet 20, purging
liquid passes along the upstream side 14 of ttex fihedium 12 through the open vent and is
directed to the vent waste reservoir 26a, e.g.theavent line 31. The purging liquid flushes
gas and other contaminants from the upstream didé the filter medium 12 within the filter
assembly 11, the contaminated purging liquid beiegosited in the waste reservoir, e.g., the
vent waste reservoir 26a. When the upstream gia# the filter medium 12 is substantially
free of gas and other contaminants and filled withging liquid, the vent valve 34 may be
closed, e.g., at the direction of the controllert@dminating flow through the vent 21 to the
vent waste reservoir 26a.

[0027] After the vent valve 34 is closed, purging liqu@htinues to be drawn into the
open inlet 20 from the purging liquid supply 24 doaevacuum applied to the open outlet 22



by the vacuum device 30. From the open inlet 22oilrging liquid passes through the filter
medium 12 and along the downstream side 15 ofiltiee fnedium 12 within the filter
assembly 11 through the open outlet 22, wheredirected to the outlet waste reservoir 26b,
e.g., via the outlet line 32. The purging liquidshes gas and other contaminants from the
pores and voids of the filter medium 12 and the mgiveam side 15 of the filter medium 12,
the contaminated purging liquid being depositethenwaste reservoir, e.g., the outlet waste
reservoir 26b.

[0028] In addition to filling the filter assembly with pging liquid and flushing gas and
other contaminants from the filter assembly, caadihg methods embodying the invention
may further include closing the inlet of the filessembly and applying a vacuum to at least
the open outlet while the inlet is closed. Theitmf the filter assembly may be closed after
the filter assembly, including the upstream sidéheffilter medium, the filter medium itself,
and the downstream side of the filter medium, Issgantially free of gas and other
contaminants and is filled with purging liquid. rflmany embodiments closing the inlet of
the filter assembly may include closing the inlalve, e.g., at the direction of the controller.
With the inlet valve closed, flow into the inlet thfe filter assembly ceases and the filter
assembly remains largely contaminant free andofytlurging liquid.

[0029] The vacuum may be applied in a variety of wayd teast the open outlet of the
filter assembly while the inlet is closed. Forexde, the vacuum may be applied to only the
open outlet while both the inlet and the vent dosexd. Alternatively, the vent valve may be
opened, e.g., at the direction of the controllad the vacuum may be applied to both the
open outlet and the open vent while the inletasetl. The vacuum serves to remove from
the filter assembly any remaining gas particlesuibles that may be trapped, for example,
in the pores and voids of the filter medium or amed in the purging liquid in the filter
assembly. The strength of the vacuum may depersgeeral factors, including the size of
the filter assembly, the nature, e.g., the pore gizhe filter medium, and the flow
characteristics, e.g., the viscosity, of the puydiquid. For many embodiments, a vacuum in
the range from about 0.05 MPa or less to about BlB& or more may be applied to at least
the open outlet. Further, the vacuum may be agppdighe open outlet for up to about 5
hours or more or up to about 2 hours or more. nkamy embodiments, especially
embodiments for use in the microelectronics ingustiere the filter assemblies are small,
the vacuum may be applied for about 1 hour ortlesemove any remaining gas from the

filter assembly.
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[0030] The embodiment of Fig. 1 illustrates one of mangragles of a conditioning
method. The inlet 20 of the filter assembly 11 rbayclosed by closing the inlet valve 33,
e.g., at the direction of the controller 36, whiea filter assembly 11 is substantially free of
gas and other contaminants. The vent valve 34beaypened, e.g., at the direction of the
controller 36, and the vacuum generated by thewaatdevice 30 may be applied to at least
the open outlet 22, e.g., both the open outletriZlthe open vent 21 by means of the outlet
line 32 and the vent line 31, respectively. Thegmg liquid in the filter assembly 11 may
remain under the vacuum until any remaining gasgd@s are drawn from the filter assembly
11, e.qg., for about 1 hour or less, quickly provgla contaminant-free filter assembly 11.
[0031] Once the filter assembly is free of all contamisatite filter assembly may be
removed from the conditioning system. The inlefaty and outlet may be sealed, allowing
the filter assembly to be stored and/or shippéeldiwith purging liquid and free of
contaminants. Alternatively or additionally, therging liquid may be displaced from the
filter assembly, for example, by the chemical tdiklered, and the filter assembly may be
placed into service to filter the chemical.

[0032] Many conditioning methods which embody the invemtabso allow the waste
purging liquid to be neatly and safely disposewitfiout harming the environment or service
personnel. These conditioning methods may inctaelitioning a filter assembly by 1)
passing purging liquid through an open inlet, altreyupstream side of the filter medium
through an open vent of the filter assembly to atevaeservoir and 2) passing purging liquid
through an open inlet, through the filter mediutong the downstream side of the filter
medium, through an open outlet of the filter asdgrta waste reservoir. The purging
liquid may be passed through the filter assembgy, along the upstream side of the filter
medium, through the filter medium itself, and aldhg downstream side of the filter
medium, in a great variety of ways, as previouglgatibed. For example, as shown in Fig.
1, the purging liquid may be drawn through an oipdet 20 into the filter assembly 11 by
applying a vacuum to both an open outlet 22 anopem vent 21. After the purging liquid
has flushed any contaminants from the filter as$grhb, the filter assembly 11 may be
contaminant free and filled with purging liquid, ikehthe contaminant-free waste purging
liquid is contained in the waste reservoir, elig, tent waste reservoir 26a and the outlet
waste reservoir 26b.

[0033] Conditioning methods embodying the invention maytier comprise replacing
the conditioned filter assembly with a second asdgimaving a similar inlet, outlet and vent,

closing the inlet of the second assembly, and pggkie purging liquid in the waste reservoir
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to the second assembly through at least one opan outlet and an open inlet of the second
assembly. The second assembly may be variousfigooad. For many embodiments, the
second assembly may be a dummy filter assemblyaifdter assembly virtually identical to
the conditioned filter assembly but lacking a filleedium. The entire interior of the housing
of the dummy filter assembly is thus available dotain the waste purging liquid deposited
in the waste reservoir by one or more conditionkerfassemblies. Alternatively, the second
assembly may be a second filter assembly whichfitelamedium but is not intended to be
used for filtration.

[0034] The conditioned filter assembly may be replaceth wie second assembly in a
variety of ways. For example, replacing the caodgd filter assembly with the second
assembly may include individually removing the tnteutlet, and vent of the conditioned
filter assembly from the inlet line, outlet lineydavent line, respectively, and individually
reattaching these lines to the inlet, outlet, amnit wf the second assembly. Alternatively, the
condition system may include a manifold that ersatihe inlet line, outlet line, and vent line
to be collectively attached to and/or removed ftominlet, outlet, and vent of the filter
assembly and the second assembly. Replacing tiditiomed filter assembly with the
second filter assembly may then include removirgcbnditioned filter assembly from the
manifold and attaching the second assembly to tu&foid.

[0035] The purging liquid may be passed from the wasterves to the second assembly
in any of several ways. For example, the wasterved may be only a single reservoir, and
the waste purging liquid may be passed to the seassembly device through only an open
outlet, or only an open vent, or both an open oathel an open vent. Alternatively, the waste
reservoir may include a plurality of waste resenwa@ioupled to one or both of the open outlet
and open vent. Once the vent of the second asgesntibsed, e.g., by closing the inlet
valve at the direction of the controller, the wagsiieging liquid may be allowed to drain, e.g.,
by gravity, into the second assembly. For exangdter the conditioned filter assembly has
been replaced by the second assembly and theoirtle¢ second assembly has been closed,
the vacuum device may be deactuated, e.g., airietidn of the controller, and the waste
purging liquid may drain into the second assemély.,, via the outlet line and/or the vent
line. Alternatively, the waste purging liquid mbg forced from the waste reservoir into the
second assembly. For example, the vacuum punmpeofacuum device may be reversed and
a slight positive gauge pressure may be genematékivacuum chamber, forcing waste
purging liquid from the waste reservoir into theaed assembly. With the waste purging

liquid from one or more conditioned filter asserablcontained in the second assembly, the
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second assembly may be appropriately disposedgof,iecinerated, without exposing the
environment or any service personnel to the hazarttee purging liquid.

[0036] The embodiment of Fig. 1 illustrates one of marffedent examples of
conditioning methods embodying this aspect of thvemtion. A filter assembly 11 may be
conditioned by drawing purging liquid into the opalet 20 of the filter assembly 11 by the
application of a vacuum to an open outlet 22 anden vent 21, as previously described.
The conditioned filter assembly 11 may be replat@dexample, by removing the
conditioned filter assembly 11 from a manifold 3lhe second assembly 11a may then be
attached to the manifold 37, and the inlet 20 efgacond assembly 11a may be closed by
closing the inlet valve 33, e.g., at the directidithe controller 36. The controller 36 may
also deactuate the vacuum device 30. The wasggnguiiquid in the vent waste reservoir
26a and the outlet waste reservoir 26b then dedorgy the outlet line 32 and the vent line 31
through the open outlet 22 and then open vent ®ltlre second assembly 11a, where it is
neatly and safely contained. The embodiment of Fifjustrates one of many different
examples of conditioning methods embodying thisespf the invention. A filter assembly
11 may be conditioned by drawing purging liquicbitite open inlet 20 of the filter assembly
11 by the application of a vacuum to an open o@eand an open vent 21, as previously
described. The conditioned filter assembly 11 m&yeplaced, for example, by removing
the conditioned filter assembly 11 from a manif8ld The second assembly 11a may then
be attached to the manifold 37, and the inlet 2efsecond assembly 11a may be closed by
closing the inlet valve 33, e.g., at the directidithe controller 36. The controller 36 may
also deactuate the vacuum device 30. The wasggnguiiquid in the vent waste reservoir
26a and the outlet waste reservoir 26b then dedorgy the outlet line 32 and the vent line 31
through the open outlet 22 and then open vent ®ltlre second assembly 11a, where it is
neatly and safely contained.

[0037] Although the invention has been disclosed in the@iiments previously
described and illustrated, the invention is noitkuah to those embodiments. For instance,
one or more features of an embodiment may be aitecthor modified, one or more features
of one embodiment may be combined with one or rfeatires of other embodiments, or
embodiments with very different features may beissamed without departing from the
scope of the invention. For example, for some afithents, a conditioning system may be a
stand-alone unit separate and apart from any sylsteemanufacturing or using the filter
assembly. For other embodiments, a conditioniistesy may be a subsystem integrated

with a filter manufacturing system or an end-usgystem, such as a microelectronics
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dispense system. For some embodiments conditiayistgm and methods may prepare a
filter assembly for storage or shipping; for otearbodiments conditioning systems and
methods may prepare a filter assembly for immediate

[0038] A further embodiment of a conditioning system 1@ arethod is shown in Fig. 2.
Many of the components of the conditioning systénoflFig. 2 are similar or identical to the
components of the conditioning system of Fig. 1 aralidentified by identical reference
numerals. The conditioning system 10 of Fig. 2 miayilarly comprise a purging liquid
supply 24 coupled to the inlet 20 of a filter asbgni1 by an inlet line 25 and an inlet valve
33 connected to a controller 36. A waste reselvnaiuding a vent waste reservoir 26a and an
outlet waste reservoir 26b may be coupled to a 2&r&nd an outlet 22 of the filter assembly
11 via a vent line 31 and an outlet line 32. Awmau device 30 may also be connected to the
vent 21 and the outlet 22 of the filter assemblyo§ the vent line 31 and outlet 32. A vent
valve 34 may be connected in the vent line 31addition, the purging liquid supply 24 may
include a pressure source 40 for applying pregsuttee purging liquid container and forcing
purging liquid into the open inlet 22 of the filtssembly 11 at a positive gauge pressure. For
example, the purging liquid supply 24 may compagmeumatic expressor such as those
available from ATMI under the trade designation NBakK.

[0039] The method for conditioning the filter assemblyFad. 2 may be analogous to the
method for conditioning the filter assembly of Flg. However, instead of drawing purging
liquid into the open inlet of the filter assembigr the purging liquid supply, the purging
liquid may be forced from the purging liquid sup@¥ into the open inlet 20 at a positive
gauge pressure. For example, the inlet valve 83t vent valve 34 may be opened at the
direction of the controller 36. The pressure seu@ may be actuated by the controller 36 to
exert pressure on the purging liquid containerfanck purging liquid from the purging

liquid source 24 into the open inlet 20 of theefilassembly 11. The vacuum device 30 may
be deactuated by controller 36 or may be actuategply a vacuum at the open vent 21 and
assist the pressure source 40. The purging lieptiers the open inlet 22 at a positive gauge
pressure and passes along the upstream side lid filteér medium 12 within the filter
assembly 11 through the open vent 21 and into #eteneservoir, e.g., the vent waste
reservoir 26a via the vent line 32. Gas and atbataminants may be flushed by the purging
liquid from the filter assembly 11 through the opemt 21 into the vent waste reservoir 2a,
leaving the upstream side 14 of the filter medidrakgely free of contaminants and filled

with purging liquid.
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[0040] Next, the vent valve 34 may be closed at the doecif the controller 36. The
pressure source 40 may continue to supply purggpgdl to the open inlet 20 of the filter
assembly 11 at a positive gauge pressure. Adarnvacuum device 30 may be deactuated
by the controller 36 or actuated to provide a vac@at the open outlet 22 and assist the
pressure source 40. The purging liquid passes thenopen inlet 20, through the filter
medium 12, along the downstream side 15 of therfitiedium 12 within the filter assembly
11 through the open outlet 22 and into the wasterweir, e.g., the outlet waste reservoir 26b
via the outlet line 32. Gas and other contaminarayg be flushed by the purging liquid from
the filter assembly 11 through the open outletr2@ the outlet waste reservoir 26b, leaving
the filter medium 12 and the downstream side 1theffilter medium 12 largely free of
contaminants and filled with purging liquid.

[0041] Conditioning methods embodying the invention mayhier comprise closing the
inlet of the filter assembly and applying a vacunat least the open outlet, as previously
described with respect to the conditioning methbHEig. 1. For example, the inlet 20 of the
filter assembly 11 may be closed by closing thetimént 33, e.g., at the direction of the
controller 36y. The controller 36 may also deatguhe pressure source 40 of the purging
liquid supply 24. The vent valve 34 may be opermegl, by the controller 36, and the
controller 36 may actuate the vacuum device 30e Vidtuum generated by the vacuum
device 30 may be applied to at least the opentd2@eor both the open outlet 22 and the
open vent 21 by means of the outlet line 32 andiéim line 31. The purging liquid in the
filter assembly 11 may remain under vacuum unt @maining gas particles in the filter
medium 12 or the purging liquid are drawn from filter assembly 11 and the filter
assembly 11 is contaminate-free, e.g., for abdwdut or less.

[0042] The present invention thus encompasses innumegaiidediments and is not
restricted to the particular embodiments that Haaen described, illustrated, and/or
suggested herein. Rather, the present inventmuadas all embodiments and modifications
that may fall within the scope of the claims.

[0043] All references, including publications, patent agations, and patents, cited
herein are hereby incorporated by reference tsdinge extent as if each reference were
individually and specifically indicated to be inporated by reference and were set forth in
its entirety herein.

[0044] The use of the terms “a” and “an” and “the” andiknreferents in the context of
describing the invention (especially in the contaixthe following claims) are to be

construed to cover both the singular and the plurdess otherwise indicated herein or
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clearly contradicted by context. The terms “comsipig,” “having,” “including,” and
“containing” are to be construed as open-endedgére, meaning “including, but not
limited to,”) unless otherwise noted. Recitatidmanges of values herein are merely
intended to serve as a shorthand method of refemitividually to each separate value
falling within the range, unless otherwise indichlterein, and each separate value is
incorporated into the specification as if it wemdividually recited herein. All methods
described herein can be performed in any suitaierainless otherwise indicated herein or
otherwise clearly contradicted by context. The afsany and all examples, or exemplary
language (e.g., “such as”) provided herein, isndezl merely to better illuminate the
invention and does not pose a limitation on theeaaf the invention unless otherwise
claimed. No language in the specification sho@dbnstrued as indicating any non-claimed

element as essential to the practice of the inganti
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CLAIMS

1. A method for conditioning a filter assembly winiocludes a permeable filter
medium having an upstream side and a downstreamasidinlet and a vent on the upstream
side of the filter medium, and an outlet on the dsiream side of the filter medium, the
method comprising:

opening an inlet of a filter assembly, filling apstream side of a filter medium within
the filter assembly with a purging liquid, andifily the filter medium and a downstream side
of the filter medium within the filter assembly Wwi& purging liquid;

closing the inlet; and

applying a vacuum to an open outlet while thetirdelosed to condition the filter

assembly.

2. The method of claim 1 further comprising applyamvacuum to an open vent while

the inlet is closed to condition the filter asseynbl

3. The method of claim 2 wherein the vacuum is iappio the open outlet at the same

time the vacuum is applied to the open vent.

4. The method of any of claims 1-3 wherein the uacus applied for about 1 hour or
less.
5. The method of any of claims 1-3 wherein fillithg filter assembly on the upstream

side of the filter medium includes passing purdiggid into the open inlet, along the
upstream side of the filter medium within the filesssembly and through the open vent.

6. The method of any of claims 1-4 wherein fillithe filter assembly on the
downstream side of the filter medium includes paggiurging liquid into the open inlet,
through the filter medium, along the downstreane sifithe filter medium within the filter

assembly and through the open outlet.

7. The method of claim 5 or 6 wherein passing puydjiquid into the open inlet

includes supplying purging liquid at a positive gaypressure to the open inlet.
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8. The method of claim 5 or 6 wherein passing puydjiquid into the open inlet

includes vacuum drawing purging liquid into the opelet.

9. The method of any preceding claim wherein fjlthe filter assembly on the
upstream side of the filter medium includes dirgg{purging liquid through an open vent to a

waste reservoir.

10. The method of any preceding claim whereimiglihe filter assembly on the
downstream side of the filter medium includes direcpurging liquid through an open

outlet to a waste reservoir.

11. The method of claim 9 or 10 further comprisiaglacing the filter assembly with a
second assembly having an inlet, an outlet, arehasimilar to the filter assembly, closing
the inlet, and directing the purging liquid fronetivaste reservoir to the second assembly via

at least one of an open outlet and an open vent.

12. A method for conditioning a filter assembly ahincludes a permeable filter
medium having an upstream side and a downstreamasidinlet and a vent on the upstream
side of the filter medium, and an outlet on the dstream side of the filter medium, the
method comprising:

conditioning a filter assembly by 1) passing paggiiquid through an open inlet,
along an upstream side of a filter medium, throaglopen vent of the filter assembly to a
waste reservoir and 2) passing purging liquid tgioan open inlet, through the filter
medium, along the downstream side of the filter mn@g through an open outlet of the filter
assembly to a waste reservoir;

replacing the conditioned filter assembly withea@nd assembly having a similar
inlet, outlet, and vent;

closing the inlet of the second assembly; and

passing the purging liquid from the waste reserimthe second assembly through at

least one of an open outlet and an open vent cde¢bend assembly.

13. The method of claim 12 wherein replacing theditioned filter assembly with a
second assembly includes replacing the filter absemith a dummy filter assembly similar

to the filter assembly but without a filter medium.
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14. The method of claim 12 or 13 wherein passingipg liquid through the open vent
into a waste reservoir includes passing purgingidignto a first a waste reservoir, wherein
passing purging liquid through the open outlet mtwaste reservoir includes passing purging
liquid into a second waste reservoir, and wherassmg the purging liquid from the waste
reservoir to the second assembly includes passirging liquid from at least one of the first

and second reservoirs to the second assembly.

15. A system for conditioning a filter assembly @hincludes a permeable filter medium
having an upstream side and a downstream sidejetrand a vent on the upstream side of
the filter assembly, and an outlet on the downstreale of the filter assembly, the system
comprising:

a purging liquid supply coupleable to an inletadilter assembly;

a vacuum device coupleable to at least an outlgtedfilter assembly;

an inlet valve operable to open and close the ofléne filter assembly; and

a controller connected to at least the vacuumoaeand the inlet valve, wherein the
controller is operable to open the inlet valve angply purging liquid from the purging
liquid supply through the open inlet to fill thestgeam side of the filter medium, the filter
medium and the downstream side of the filter mednithin the filter assembly with
purging liquid, and wherein the controller is of#esto close the inlet valve and actuate the
vacuum device to apply a vacuum to an open outldteofilter assembly filled with purging

liquid.

16. The system of claim 15 further comprising atweive operable to open and close the
vent of the filter assembly wherein the controitefurther connected to the vent valve and
wherein the controller being operable to supplygmg liquid to the filter assembly includes
1) the controller being operable to supply purdiggid through the open inlet along the
upstream side of the filter medium within the fillsssembly and through an open vent and 2)
the controller being operable to supply purgingiligthrough the open inlet, through the

filter medium, along the downstream side of thiefimedium and through the open outlet.

17. The system of claim 15 wherein the controlleing operable to supply purging liquid
through the open inlet includes the controller gedperable to actuate the vacuum device

and draw purging liquid into the open inlet of fileer assembly.
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18. The system of claim 17 wherein the controleing operable to actuate the vacuum
device and draw purging liquid into the open imtetudes the controller being operable to
draw purging liquid through the open inlet, through filter medium, along the downstream

side of the filter medium within the filter assemybind through the open outlet.

19. The system of claim 17 or 18 further comprisangent valve operable to open and
close the vent of the filter assembly, whereindbmetroller is connected to the vent valve and
wherein the controller being operable to actuagevéecuum device and draw purging liquid
into the open inlet includes the controller beipgm@ble to draw purging liquid into the open

inlet, along the upstream side of the filter mediamd through an open vent.

20. The system of claim 18 or 19 wherein drawinggimg liquid through the open outlet

or open vent includes directing the purging liquadh waste reservoir.
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