0 9 DEC 2005 LI QUI D FI LTRATI ON DEVI CE BACKGROUND OF THE | NVENTI ON The

| MPACT(r) LVHD filter, sold by Mykrolis Corporation of Bedford, 09 DEC 2005
Massachusetts, has a | ow hold up volune which is very advantageous due to
the high cost of the process fluids principally filtered by the device:
photoresist, dielectrics, anti- reflectives and optical disc materials. The
| MPACT LHVD filter provides superior filtration to prevent debris in the
process fluid frombeing deposited onto the substrate and from causing
defects. A sectional view of tHdQUIP FEARATKMPAREVIGH ter may be found in
Figure 1. Figure 1 provides a device that uses three independent
connections, a vent 12, a feedl4, and an outlet 16, that can interface

with either a BAGKRGRAUNROREHE DOYENYONdi rectly to a di spense system such
as the RGEN or | nggl hiRAE ) vEDSRENSR S %1 OR Cofpdtatiad & HEBdMl act ured by

Mykrolis Corporation. The process fiuid enters through the 1nlet port 14

and flows thr¥esgishyspiés, hag IﬂéftW haldep @lllmeeoﬂthlilés Yeoady sripepeys dente 88 high Bt pr ocess

fluid then fl oymelphicald@lids ﬁ%lp!@ﬂfe&@by%mlénﬁofdﬂsfs? biebtribsOantine out | et
port 16, where the purified fluid is directed back to the manifold or

di spense syst efiecttfe anfaptioabdiss materialy TheMPRGEBIHED Eipgprovidesiffiiflat e on the

upstream si de ffratioh® drévieht@EbrisGn &% plocdss il RotA baSy deBositéPot®iht SbstRleianid Nat e
bubbl es from the top surface of the housing cap 18 is set at an

E&ue fil tec{e
angl e di rect ed™fpcausing fretsy ent port 12. This allows air bubbles to
gradually rise to the hlghest point in the housing 20 and to exit t he

housing 22. . A nore escrl Ea the attrib beneflts of
the | MPACT LHVD f{'FfS PnaﬁEﬁWB %”lﬁg‘@ tpay bR SOy fib‘g‘{‘%‘h £ el ro.
MAOGS8 entitledm%&bmamﬁhmﬂmnhemhwahmﬁ*ﬂ&mwmmmamﬁeahaﬂﬂmgyaﬁbrmﬂmocess
| nprovenent " Qﬁ ?$iE£ Eg h .oThis .. r riginally
presented at t ﬂéﬁ %Eg 7&%E5 ﬁé 3%%?%?gw%%ﬁﬁ%$g e?a?%éa 997. It is
avai l abl e at hystqm MM&WEW%MIGW@I@MWM&M@M&Mh% LQ63.
Al so, benefit D [ NME{ h fioPpl i cations
Note No. MAL169" € n% E?ﬁpe*ahvp“‘\%e P‘c%s%ﬁm‘gﬁ%?“ oPémog ? B EG T %ﬁ%‘ﬁt OEE with
t he | MPACT ST thvbugh fholinjét tibg ZMEo the housmg bottom 25. The process fluid then flows through

the vertical membrane filter 26 to the outlet port 16, where the purified fluid is directed

back to the manifold or dispense system. The vent port 12 allows bubbles that

accumulate on the upstream side of the filter to exit the housing 22. To better eliminate

bubbles from the filter, the top surface of the housing cap 18 is set at an angle directed up

to the vent port 12. This allows air bubbles to gradually rise to the highest point in the
housing 20 and to exit the housing 22.

A more detailed description of the attributes and benefits of the IMPACT LHVD
filter may be found in Mykrolis Applications Note No. MA068 entitled “New
Photochemical Filtration Technology for Process Improvement” by M. Clarke and Kwok-
Shun Cheng. This paper was originally presented at the INTERFACE ‘97 Poster Session
on November 10, 1997. It is available at
http://www.mykrolis.com/micro/appnotesliq.nsf/docs/48L.Q63. Also, benefits of the
IMPACT LHVD are presented in Mykrolis Applications Note No. MALIQ'D entitled
“Improving Photolithography Equipment OEE with the IMPACT ST Manifold” by M.
Clarke. It is available at htl:p://Www.mykrolis.com/micro/appnotesliq.nsgfldocs/46AK7B.




Clarke. It is available at

ht t pJ/ ww. nykrol i s. coni m cro/ appnotesli g. nsf/docs/ 46AK7B. 0 9 DEC %OEEC 2005
Al t hough the design and perfornmance of the | MPACT LHVD filter is ch

i nproved over other filtration devices, it is also not fully optimzed for
bubbl e venting. 1In the IMPACT LHVD filter, bubble-laden fluid is forced to.
the bottom of the device to sweep the bottomw th fluid to prevent fluid
stagnation at the bottomand the fornmatign of gel particles. Therefore,

any entrained bubbles nust then rise to the vent. Again, the slowy rising
bubbl es fromthe bottomw Il require nore tine and chem cal, to purge them

fromthe device. TéltbeghEwdasien audperformancsof the BERA(GSLBYDiltet isplckind " how t hey
are used in stiaRR@tdovef dthdr tatioNdees, tHiS PRI EuBYsHtiRIRd fYBEL Jeftiddevel oped

integrated filtration and _di spense systens calléd ~Two Stage Technol ogy”
or "TST'. The D&siRACILE Gler;ypbledaden fyid isfpreeghip g bottomrofithe desics 9n of

bubbl e- | aden fsdiftné Gotidhaith & fo peevaTBiidtstaptlatibd 4 trd bbthA addShe MBSAIBLAUr | Ng
start-up of a new filter. Al though these systens nore efficient]ly renove
bubbl es from t8skPartidese ThesgioreAg¥ & prhblegmugidhen gsqtg theventy Agaidhbat ed, as

the venting prsRf@PaEsing tubhes frdiPihk BbERwilediRE fold@hRiah@theffalh pRigt @8mOf the
operation of a Two Stage Technol ogy System 1s given in Mykrolis

Appl i cations omehadevickin 111 entitl ed " Under st andi ng the Operating Cycles
of MIIlipore Two-Stage Technol ogy Photochem cal Di spense Systens” by M
Clarke. It is available at

http:// ww. mAm i s. CRSARPPRHS Aotk borcomings AEflicrsad harsthe e visdin signdads ¢ hese
sytS_t ens é eventﬂémbmﬁidmpaﬁ? sﬁme,maml nsbuwmpgd M@E&?ﬂeﬁﬂ%ﬂgfoﬁﬁﬂd'd{spﬁ@% b
optim zed as venting process.rel ease nof just, bubbl es a bubbl e
saturated fl uffe °?]ie32§wgﬁ?§% Yﬂ]’ﬂfﬁ‘l’%’g °H‘6rsi]i°otﬂ‘? ssignyRfithaes ?EfWSWﬁ‘ﬁy process
L I gibfls, Eh;af natldvofor EH‘cir&drI]Hﬁoi;l) bwgnlﬂbleﬂﬂwﬂddm_ 'nmez%d tﬂ:lld a&aon@tq:wb iﬂﬁﬁd];dlt ] El enove tmhe
ubbl es (effectively, t upbl es._are carried al on the fluid strean.
I'n addition, H‘?@e‘ﬁ‘%’%’rﬂﬁé‘?gf‘m APBTEE AlGOTS: tiese ns Orh ESREPY RPN o ( hat | s
ej ected in theukbles Ganmthd filter Sndajofierve Minid] wastai§ §idl paleptRiEy the Caneifl @pqebs cat i ons

notes and di scussi gns that gas bubbles are a concern to sem conduct or
B | e

manuf act ur er s* the current | MPACT

A more detailed description of the operation of a Two Stage Technology System
is given in Mykrolis Applications Note No. MAL111 entitled “Understanding the
Operating Cycles of Millipore Two-Stage Technology Photochemical Dispense Systems”
by M. Clarke. Tt is available at '
http://www.mykrolis.com/micro/appnotesliq.nsf/docs/A6FSWG.

For all of these systems (even including TST systems), bubble venting is still not
optimized as the venting process release not just bubbles but a bubble saturated fluid
stream. Since bubbles do not rise quickly in many process fluids, the motion of the fluid
toward the vent is required to remove the bubbles (effectively, the bubbles are carried
along by the fluid stream). In addition, the smaller the bubbles to be removed, the more
fluid that is ejected in the stream.

It is apparent from the aforementioned applications notes and discussions that gas
bubbles are a concern to semiconductor manufacturers. However, the current IMPACT
filter or any other currently available product, inadequately addresses the need to sweep
bubbles from all surfaces of the filtration device as well as to initiate bubble removal



filter or any other currently avail able product, inadequately addresses the
need to sweep bubbles fromall surfaces of the filtration device qu%@klﬂw5
as to initiate bubble renmoval 0 9 DEC 2005 prior to filtration.

Accordingly, it would be desirable to provide a liquid filtration device
wherein bubble renmoval fromthe liquid being filtered be initiated prior
to filtration so that the gas bubbles renpbved are positioned near the
vent, thereby facilitating gas bubble renmoval fromthe Iiquid being
filtered. Also, it would be desirable to.have the systemto provide a

means for automatic venting of a liquid filtration device that m nim zes
the anobunt of fluid |oss. SUMWARY OF THE | NVENTI ON The present invention
provi des a dev e te fligtien. i ni nat es gas bubbles froma fluid by using the
fluid s velocity WAJ%ﬁuigi}Elt%Wd%Qdesﬁthofy%vY&etalﬁ ﬁ@%}aﬁéﬁeﬁb%&mnnel s, to

renove pockets of gas from |l q l'tration deV|ces erly de5|gned
fl ow paths di Pe®leTemeyalifipmthy n@ééﬁmbﬂ%er%’f@ﬂ@t@%@rmbmlwowq tHRSERS | j kel y

col l ect. The pseom@;enaow&ﬁe b@sﬁhoﬁé&iéhxqﬁ‘éveﬁt ﬁﬁ}éb ﬁmﬁﬂﬂn%?ag bidiefr@fioval | M nating
gas bubbles froma |1 gUI hin a housing havin ousi ng cover that

will allow for Epadhedia tered eblse, &iveonid heéﬁ%%lﬁ vedhe %yaméwraﬂ%# es. The
new devi ce andmgkkh@duidaRge @nfﬁ%réf'a‘ﬁﬁkn@ﬁmtaﬁi?ndewcéﬂhgtn&nﬂxﬁie@ﬁz’e’éﬁﬁmﬁﬁ of he device
i-nlet to sweep _around the underside of a flange of a filter cartridge
within the devfl@dlosshis will force gas bubbles within the fluid to rise
above the filter nenbrane and adjacent the inside surface of the housing
cover. The liquid streans ositioned beneath the filter cartridge's flange
t hen converge PEMMHRY QF] BYEEL@Nof t he housi ng cover and proceed to
L orce gals buggl es f’nh@piemem%dabﬂpmd@raqeﬂ@&hatgm%dteé é’h@bMﬁﬁf& gor]?(arfﬁnd]?; t he
evi ce n addj tion sent _invention provides nmet ho r effecting
automatic vent¥Hgsshe %%EY“S%“WW%‘PF}W eYlF%Fﬁg’Pl?émsﬂqcﬂﬁf’gPﬁﬁhmF% 1% an

Ole ect of the ﬁgl A kdt?maﬂfr@ﬂhd@mwvanmeuaesld TEE Brébektl idsigned Mow shensi Celthat
el i m nates gas,.bu s, from Wi t evi uring a vent cycle. It
is also an obj 4Ff fg‘fdeltn Jo ‘B‘P%%s regFﬁ}lé’ﬂt’lFso‘W b‘f]‘86'°8 b liquid filtration

devi ce t hat

The present invention provides a device and method for eliminating gas bubbles
from a liquid within a housing having a housing cover that will allow for faster and more
efficient removal of entrained bubbles. The new device and method uses a portion of the
fluid’s velocity at the device inlet to sweep around the underside of a flange of a filter
cartridge within the device. This will force gas bubbles within the fluid to rise above the
filter membrane and adj acent the inside surface of the housing cover. The liquid streams
positioned beneath the filter cartridge’s flange then converge to the inside surface of the
housing cover and proceed to force gas bubbles from the fluid to proéeed toward the vent

port of the device.

In addition, the present invention provides a method for effecting automatic
venting of bubbles from the fluid being filtered.

It is an object of the present invention to provide a liquid filtration device that
eliminates gas bubbles from fluid within the device during a vent cycle.

It is also an object of the present invention to provide a liquid filiration device that
removes gas bubbles from a fluid by utilizing surfaces in the device while the device is

operated in a filtration cycle.



removes gas bubbles froma fluid by utilizing surfaces in the device while
the device is operated in a filtration cycle. 0 9 DEC 2005 BRI EF 9 DEC. 200
DESCRI PTI ON OF THE DRAWNGS Figure 1 is a representation of the prlor g?t 5
a sectional view of an I MPACT LHVD filter. Figures 2a and 2b are
cross-sectional views of the filtration device of the present invention
with arrows representing fluid flow paths Figure 3a is a view of the
undersi de of the top cap of the filtrati‘on device of this invention.

Figure 3b is a partial cross sectional view of the top cap of Figure 3a
positioned relative to a cap on the filter cartridge of this invention.

Figure 4a is t he present invention which shows
fluid channel ﬁ%#ﬁ%@%ﬂ@%ﬁ%ﬁhﬁ%ﬁg&ﬁ uid fl ow paths. Figure 4b is an
under si de vi ew of Fifige UBuairgpesotatibi ofiiiegridoart, Fsegtiona view of adIMRACTi ew of the
bow of the fijkfspti.pn device of the present invention. Figure 6ais a

partial section view of the present invention which shows fluid channels
with arrow representation of the fluid flow path. Figure 6b is an underside

view of the devi ceghubh i MiRrosEkBln views Bt AINARE LR AS L Bl Lhe top

cap and housing with_arrows representing w pat Figure 8 is
a partial sectfveian vith evpvoreprwentips @ddfew pavent i on whi ch shows a fluid
channel and arrow representations of fluid flow paths. Figure 9 is a

partial sectional yiew of the present invention which shows a_fluid 0 9 DEC
2005 -5 channel arfdf 2 LoYTE? erﬂ?eqfltqﬁlt‘&’c?ﬂ%eﬂ?%n degcesttS5oint to
force air bubldvesiombove filter cartridge. Figure 10 is a bottomview of an
alternative housing cover of this invention.

Figure 3b is a partial cross sectional view of the top cap of Figure 3a positioned
relative to a cap on the filter cartridge of this invention.

Figure 4a is a partial sectional view of the present invention which shows fluid

channels with arrow representing fluid flow paths.
Figure 4b is an underside view of the device of Figure 4a.
Figure 5 is a top view of the bowl of the filtration device of the present invention.

Figure 6a is a partial section view of the present invention which shows fluid

channels with arrow representation of the fluid flow path.
Figure 6b is an underside view of the device of Figure 6a.

Figure 7 is an underside view of the top cap and housing with arrows representing
the fluid flow paths.

Figure 8 is a partial sectional view of the present invention which shows a flnid
channel and arrow representations of fluid flow paths.

Figure 9 is a partial sectional view of the present invention which shows a fluid



Figure 11 is a bottomview of an alternative top cap of this invention used
in conjunction with the housing cover of Figure 10. Figure 12 is a flow
diagramillustrating an automated nethod for operating the devicef8fDRMi2&5
i nvention. DESCRI PTI ON OF TI M SPECI FI C EMBODI MENTS The fl ow direction of
bot h bubbles renmoved fromfluid being filtered and the filtered fluid
within the filtration device of this invention depends upon the node in

whi ch the device is being operated. The filtration device of this invention
can be operated with the vent either opes or closed. In an initial
operating node of the filtration device, the filtration device is filled

with fluid and dd| fluidi ed through th : jth the vent
open to rem)ve I[r%? c?veré?ncﬁ%él“gdntgg&b@bhﬁ PEESSPPIBH ?%95’ agé{cfli%(lzeé\.%ﬁueri ng |
t hi s node of opfdteadzartudge bubbl e-l aden fluid is al so passed through the vent.
Subsequent to this initial node of operation, the vent is closed and the
fluid being filtered is punped through the filter device of this

i nvention. During tFigwe e botlpniti¢vest araiercaiive bausing goverséthisriasteritbnf r om t he
fluid being filtered and are collected at or near the vent. In a preferred
node of operation, fluid is recirculated through the filtration device for
a period of tine toFigasélisebetempiion ef aprltgudtive ap tipaif fhis invenffsinased igas r enoval
fromthe pores, i he anmount of fluid that is

wast ed. At spec%ﬁhﬁn{/ﬁedr% uEﬂ%%g&%g} sbopened and bubbl es are expelled
fromthe filtration device. The vent then is closed and bubble-free fluid

can be di spensed tOFlémpﬁlﬁ‘Eﬂ%didézﬁmﬂﬁsﬁﬁﬁn SOMEonPRE hRfho@for bjeiBing thge devi ce
will collect additional bubbles and anotﬁer vent operation i s needed.

Agai n, bubbl esdewies of thifiavepliqny pe expel | ed through the vent. The bubbl es
entrained within the fluid are forced fromthe fluid al ong one of two

| ocations within the filtration device. A first channel is positioned in a
housi ng cover of 0 9 DEC 2005 the filtration device and is positioned to be
in direct flui DESORIPTION OF THE SPECIFIC BRMBODIMENASSecond channel is positioned

posi t1 oned Lo be | rraEPEEEeeEi (OB PO A ST P & B annel | The
first channel fkeehihlidwitsn thefidatie deviosnftikieinfdntiorddepands pen tHewrode Nt er s t he
filtration dev| dkileh the device is being operated. The filiration device of this invention can be operated

with the vent either open or closed. In an initial operating mode of the filtration device,

the filtration device is filled with fluid and additional fluid is pumped through the device

with the vent open to remove the majority of gas and bubbles from the device. During

this mode of operation, bubble-laden fluid is also passed through the vent. Subsequent to

this initial mode of operation, the vent is closed and the fluid being filtered is pumped

through the filter device of this invention. During this mode, bubbles are constantly

separated from the fluid being filtered and are collected at or near the vent. In a preferred

mode of operation, fluid is recirculated through the filtration device for a perjod of time to

assure complete or substantially complete gas removal from the pores of the filter to
minimize the amount of fluid that is wasted.” At specific intervals, the vent is opened and
bubbles are expelled from the filtration device. The vent then is closed and bubble-free
fluid can be dispensed to a point of use. After some period of time, the device will collect
additional bubbles and another vent operation is needed. Again, bubbles and fluid will be
expelled through the vent.

The bubbles entrained within the fluid are forced from the fiuid along one of two

locations within the filtration device, A first channel is positioned in a housing cover of



The first channel also is positioned to accept bubbles recovered in the
second channel. The second channel accumul ates any bubbl es that either
collect or formon the upstream side of the filtration menbrane &f3 Dhe 2005
filtration device. Thus, the filtration device recovers bubbles which are
i medi ately rel eased fromthe fluid upon entering the filtration device
and which are released fromthe fluid prior to filtration. The present
invention provides a liquid filtration device with internal flow paths
that facilitate the renoval of air bubbl®s therefrom the device conprising
a housing, said housing including a bow; a cap and a cover, the cover
having intern . ly . . . | 7 . res
therern that b SRRt G s R RS ARt BACh b ARR W RETHRT 0
cover and bow Aagcendebersiclietositionegiio la tap camehoee the filier nidmbrahe ofthe fildalgonar e
created, such l: S oG gl | ' vi ce and
toward the ve%??gglgilipogﬁg%égg}?*%ﬁgﬁﬁgbﬁgﬁ%gﬁ g’ﬁ%ﬁ%gﬁf&t%%?dﬁﬁect S
fluid toward tfirsitchamoelacaumulsfes bithbles fromshaflpidvusdheflidhenteretht fitatidrodediced; a

fluid channel i J: w,; and a
flui d channel ?E%St%a{r;%g%lgo%kﬁ n%(gmé%@pu gsrg‘%ggerrg%%easggﬁgfﬁ%ﬁ% cap. In a
preferred enbddienemd chatnel atewmudatesi 2gy thehbleg thatkither cofext ortfhan dnrthevpstieath vent
fluid flowp - i e, cont.r.ol | LN, er such that
anopt i el 1 oy o EARRGEh LRl b E M ARLaE, il EEalidh BRRECE PUET

t her eby i ncr eaedongs bubbleswhiclr ire mpyediatdly teichded dromaheofhad upon eateprgther r ed

enbodi nent, t yre I . ] . Sl.opi surface, said

sl opi ng surfa(témfllggl&%gclegs%%ffﬁg%ﬁegr#?h%%lﬁ% oﬁ‘égu fTized duri ng venting
and filtration cycles as well as between cycles. Such a sloping surface
will facilitate r : 3 i : [aP4 e surface
zenith is juxt apo:g%\f’t geﬁt%&e%ﬁéﬁ? lo%&%%%n%&éﬁg%ﬁ)tﬁﬁgﬁ%eu %% ar e&n%atrtﬂé_
efficiently rdmbfaciitafertamembresl 61 air tsbbles therefpoms therdedide comiptisingrehausingespil pat hs

will converge ol ar . the:. ' f gg{g ap and the
cover. It is 3%%;1@%&@25@#3@,? %&s&\(}glcﬁ‘;ﬁg%ﬁ c%é?ér e \/éi%{r?iéﬁg?‘rd i 1@ﬁlDEC 2005
bubbl es to be spracepand oliatdcterizad §y eppatuces theyeisf that atsvesastilyid inlel, outlehnddi vierint ; t he
surface zenit Qe daid® ed. 4t g Fﬁn% PURRl RS Ar € nore
efficiently rerm\(/ezyd". I %15}29% g%deb(rayde g%?gﬁcﬁd?rﬁﬁ%ﬁg t gﬂ%?@gengﬁlkenventi on,
the internal stsatedsushghanpelsfacilitating sweeping bubbles out of the device and toward the

vent, said channels including a fluid channel that directs fluid toward that portion of the

housing where the vent is located; a fluid channel that directs fluid to sweep the bottom of
the bowl; and a fluid channel that directs fluid to sweep the undersurface of the cap.

In a preferred embodiment, the device is designed so that the inlet and vent fluid
flow path cross-sectional areas are controlled in 2 manner such that an optimal fluid
velocity is achieved for bubble removal and separation, thereby increasing the efficiency

of bubble removal.

In a preferred embodiment, the underside of said top cap has a sloping surface,
said sloping surface having a nadir and zenith which is utilized during venting and
filiration cycles as well as between cycles. Such a sloping surface will facilitate removal
of bubble from the device. Preferably, the surface zenith is juxtaposed to the vent
aperture so the bubbles are more efficiently removed from the fluid.

In a preferred embodiment, vent paths will converge at or near the nadir of the

volume between the cap and the cover. It is understood that this volume will be where air



cover will have a vent ridge, the zenith of said vent ridge positioned
substantially near the vent aperture. In another preferred enbodi nent, the
vent is located directly above a vent aperture while restricting {0tfe D& 05
fluid path to maintain fluid velocity to force gas from the fluid. In

anot her preferred enbodi nent, the vent process is automatically controlled
such that mnimal fluid is lost during the vent process. The present

i nvention provides a nethod of renoving air bubbles froma device intended
to filter fluid, said device including an“i'nlet, outlet and vent and said
device characterized by being subjected to filtration and vent processes,

the method compriusiiade béurith if\nbbited PRARBRAbAMS Btbodfich, BWSRAodEN

filtration and vent processes. UId annél's are provided that faC|I|tate
t he sweeping of1%W¥”Mﬁ%%?§§V¢¢6WﬁWﬁé3@ﬁPﬂ%ﬁ%@eﬁﬁmF ientygpeved-t owar ds a
vent, whereby use of the device in either filtration or venting wll

renmove air bubbles fromthe device. Referring tg Figures 2a and 2b, a

device of the present®aPried PBbpdimet ofdaerosent BEER, me%emaéFP"faFﬂ%fhe?)Z and a

vent 34 that ar ofepwilEfvd 4 R fdae tReUSIhg sEdNMEITidgbposilibed Bgydaitaly naomer 36 i s
fitted to the top cap 38 and housing bow 42. Filter nedia 40 is contained
within the housWﬁﬁ E%VF'42. The arrows indicate how fluid will flowin the
device. Diverter 44 alters the fluid now path fromthe inlet towards the

vent 34. When the fjiltration devic ter fl jorlty of
the fluid will pass fﬂr”"%°é‘%:"f?“’£¥‘ “eer?i‘b° ‘;“Ee““%%%%i °‘g’ﬁ%usugﬁe§;’ bow 42
whi | e depositi ngpdhm“&dbbbtammetvmﬂmd@auhltdxymntﬁmﬂhiévvlemytﬁwceﬁséromhoum ng
cover 36 is proy, with a first channel 31 which extends about the entire
or substantially entire circunference of housing cover 36 and provi des a

pathway for gas and bubbles to be directed to vent 34. The top cap 38 is
brovi ded wi th a_secansoliffitihed otk IAhGAEs MilBkaRkilohyciile ent i e

ci rcunference of taop cap PrOVI des a 2005 -8 pathway for gas
frominl et fIU|ﬂ”?8mH%mHW4€EF€&” ﬁF@gFﬁéﬂ¥WP§¥schannel 31 and then through
vent 34.

The present invention provides a method of removing air bubbles from a device
intended to filter fluid, said device including an inlet, outlet and vent and said device
characterized by being subjected to filtration and vent processes, the method comprising
providing fluid channels that are swept during filtration and vent processes. Fluid
channels are provided that facilitate the sweeping of air bubbles from the surfaces of the
device towards a vent, whereby use of the device in either filtration or venting will

remove air bubbles from the device.

Referring to Figures 2a and 2b, a device of the present invention includes an outlet
30, an inlet 32 and a vent 34 that are formed from the housing cover 36. The housing
cover 36 is fitted to the top cap 38 and housing bowl 42, Filter media 40 is contained
within the housing bowl 42. The arrows indicate how fiuid will flow in the device.
Diverter 44 alters the fluid flow path from the inlet towards the vent 34. When the
filtration device is filtering fluid, the majority of the fluid will pass directly from the inlet
32 to the housing bowl 42 while depositing air bubbles in the vicinity of the vent 34. The
housing cover 36 is provided with a first channel 31 which extends about the entire or
substantially entire circumference of housing cover 36 and provides a pathway for gas
and bubbles to be directed to vent 34. The top cap 38 is provided with a second channel
33 which extends substantially the entire circumference of top cap 38 and provides a




Referring to Figures 3a and 3b, the housing cover 36 has its internal
surface 37 angled towards the vent side 35 of the housing cover 3 E@e
first channel 31 spirals up fromthe outlet side 39 of the housingy% &r 2005
36 to the vent 34 (Figure 2b) to renove all additional gas bubbles. Also,
as shown in Figures 3a and 3b, inlet fluid is redirected fromthe center of
the housing to the side of the housing by the diverter 44 where the vent
34 (Figure 2b) is located for this part-geul ar design. This configuration
forces bubble-laden fluid fromthe inlet 32 (Figure 2b) to travel towards
the vent 34 (Figure_2b). By controlling the cross- sectional area, the
fluid vel ocit )pagxgﬁy@ég%s mlalebfﬁﬂét?é’ﬁ dirpetqd ipg g Lt chagpel 84 ntrepglence
time are opti Rjegtadd. for efficient bubble renoval. The fluid then travels
down the side fluid channel 46. Figures 4a and 4b illustrate the inlet
fluid being directed below the top cap 38 (Figure 2b) through the cut out

52 where it then iRefsihg fo Mgues 3VRSd 3D the b\ Bink lcberl3d Kaa i@ infernliQithAcd 3ve si de
fluid channel 46 created with_ two ri bs 49 fou e inside of the bow

d th
42 (Figure 2bynsled tovardsshe pat fda "rféheﬁ’@‘}\ﬂinglf@i’qrgﬁq % firstichanngl 33 SyiralsgPpr event

stagnant f1 ui drom tREGHILIQRR 386FkhE H&lsfn? coRE 300 tRfvestah gﬂgﬁ:& b t6 femovdiAll Ot her
portion of the inlet fluid enters | uid channels 53 and 54 to sweep out

gas pockets af@fifpnatgsebubhlser si de of the top cap 38 (Figure 2b). By
creating a mechanical seal between the top cap 38 (Figure 2b) and the

housi ng bow 42 (Fj gure 2b), a flow path which allows fluid to travel
beneath the top captoSBEORR JFgRres ) and b, inhid fuid drdizpisd Somyihe Rt Hssi t e

side through essivgis thdidd 6 1EAHARERE Bethe Wrdrldr 1PENBONRL 54 GuasdB) R4. Figure 5
illustrates the t Ia%%gg rips 49 positioned a short distance bel ow the
top cap seal 1‘1"?‘8‘%@’@5 clprdesign.+ s qopfiguration faress bpblegaden fupfragpthe o of

bow 42 (Fi guinget QinFi%%RCbb) tEuvelREdrSd tHevef 34 (RRule2B). BodBollify HelErsss2b) -
Figures 6a and 6b || Uéltra,te the fl ow of I'qui& s shown by the arrows. The
et fluid petonel asea e AgdRpostse P Mgk “&%%@@68%‘39‘?%“6%“49

(Fi gure 5) an@ms weepmikdicioeffciéd bubdRomial. THE M thee el R wh telsiaiald t he
filter nmedia %0 §giqgure 2b) and the bottominner surface of bow 42. The
fluid is al so"¥edted t hrough channels 53 and 54 (Figure 4b) to

Figures 4a and 4b illustrate the inlet fluid being directed below the top cap 38
(Figure 2b) through the cut out 52 where it then is split off. Most of the fluid travels
down the side fluid channel 46 created with two ribs 49 found on the inside of the bowl
42 (Figure 2b) to sweep the housing bowl bottom 25 (Figure 6b) to prevent stagnant fluid
locations and the formation of gel particles. The other portion of the inlet fluid enters
fluid channels 53 and 54 to sweep out gas pockets around the underside of the top cap 38
(Figure 2b). By creating a mechanical seal between the top cap 38 (Figure 2b) and the
housing bowl 42 (Figure 2b), a flow path which allows fluid to travel beneath the top cap
38 (Figure 2b) and then back above on the opposite side through cut out 51 is generated
with two channels 53 and 54. '

Figure 5 illustrates the two larger ribs 49 positioned a short distance below the top
- cap seal ridge 55 to direct the inlet fluid to sweep the bottom of bow]1 42 (Figure 2b) and
the underside of the top cap 38 (Figure 2b).

Figures 6a and 6b illustrate the flow of liquid as shown by the arrows. The inlet
fluid is directed down the side chanmnel 46 created by ribs 49 (Figure 5) and sweeps the



sweep the underside of the top cap 38. Figure 7 illustrates the fluid flow
“as it is directed about the underside 57 of the top cap 38 (Figure 2b)

t hrough second channel 33 (Figure 2b) on an increasing slope to gbign

gas bubbles. Figure 8 illustrates the converging flow paths to access p0| nt
48 directing air bubbles through second channel 33, through cut out 51 and
above the top cap 38 (Figure 2b) into the volune between the top cap 38
(Figure 2b) and the cover 36 (Figure 2b). Figure 9 illustrates the flow
pat h being directed back above the top Wap 38 at the |owest |ocation
(nadir) 58 ofthe vol unme under the housi ng cover 36 (Figure 2b). This
ensures that t Ld.d orc a ube l.ong, t he undersi de of
the top cap 38 J(]')ﬁ’fnﬁl %ﬁ?een %OL c"ﬁgir%l ‘gifo(@lga{? theb cmblfnéerlo
illustrates a sm&svspfﬁgwtéﬁ/éﬁheﬂ&dw diso daecteesliroughbmmémadd 54 (Ewupeﬂbhon is
provided to pr vVer S ow al ong channel 73. The restricted
flow path 71 2 orh]i\/\efs“g]gerr%?‘ge‘lO?aetésfJ a%:es to be swept during the vent process
al one. During the vent process, only a small anount of the fluid entering
the fluid inlet 9 I I i t he
remai nder of the f L%SE:C?F%%;B‘@ﬂggla%ﬁgldﬁeeéédggwg%ﬁﬁ%%d%ﬁK\ﬂhét%?I ow bel ow
the top cap srar(ﬁ(@@we%)ﬂ)m@lsmedmﬂeb% (Biawe Ph)dgen inoregsmigglopeto2b) and sweep
t he undersi d%hlgﬁmgggb{l%pap 81. The fluid then converges to the access
poi nt 84 of the ven groove 73 where the fluid velocity can be nore easily
mai ntained with a small cross- sectional area. In contrast, with

unrestricted aCCGSFi @sﬂlﬁ&aﬁﬁﬁe%%rgﬁg?ﬂoﬁﬁﬁs%ﬁ&%&%P&intQL% dur&ch@g gartridge nust
be done durin |tration process, thus bein ess effective than the

vent process g\‘ E&W“%’@W\é‘ﬁm&ﬂég fhpighsptiontsine above e tor PIBEigE ng cover
70 is provi dedb) iwb the vMemé b&een tetidpttap 54 @lguRIbpand tHelcbved 30@IdRI2bY S. Bot h

i nner surfaces 90 and 77 slope toward gas vent ridge 87 to facilitate gas
flowto gas vent 92. As shown in Figure 11, the wunder surface 94 of top

cap 81 is provi deignddillgaatechaisvep ﬂﬂ&mgfﬂkedﬂedmb@esstbpcaae&m poi nt 84

which is in f a re 10 cap 81
alsois pr OV|io 833 loc%wﬁ%gdﬁ O?g'ngeﬁl Frggﬁ?“ﬂ% Hcrgg }D tlﬁég wth
outl et 75 (Fi ensures tha the lifind isordinPHE g2(bblesb®ng the underside of the top cap 38

(Figure 2b) to channel 31 (Figure 2b).

Figure 10 illustrates a housing cover 88 with a restricted fluid flow path 71 is
provided to prevent reverse fluid flow along channel 73. The restricted flow path 71
allows critical surfaces to be swept during the vent process alone. During the vent
process, bnly a small amount of the fluid entering the fluid inlet 93 is able to pass directly
to the vent 92 while the remainder of the fluid velocity is maintained to continue fluid
flow below the top cap 81 (Figure 11) of the filter cartridge 40 (Figure 2b) and sweep the
underside of the top cap 81. The fluid then converges to the access point 84 of the vent
groove 73 where the fluid velocity can be more easily maintained with a small cross-
sectional area. In contrast, with unrestricted access to the gas vent 92, the sweeping of
the cartridge must be done during the filtration process, thus being less effective than the
vent process or both the vent and filtration processes. The housing cover 70 is provided
with vent 92, fluid inlet 93 and fluid outlet 75. Both inner surfaces 90 and 77 siope
toward gas vent ridge 87 to facilitate gas flow to gas vent 92. As shown in Figure 11, the
under surface 94 of top cap 81 is provided with gas channel 83 which converges to access
_ point 84 which is in fluid communication with channel 73 (Figure 10). Top cap 81 also is
. provided with outlet 85 which is in fluid communication with outlet 75 (Figure 10). The



top cap of Figure 11 is bonded to housing cover 88 to block area 86 thereby
to reduce the hold-up volune and create the fluid flow paths of the DH:2m5
filtration apparatus. The present invention also provides a nmethod fo
operating the liquid filtration device of this invention in systens for
filtering and di spensing process fluids. In a typical application (also
cal l ed single stage technology), filters are installed dry between a

di spense mechani sm (e.g. diaphragm punp, air pressurized canister, etc) and
an outlet nozzle that directs the fluid%nto a substrate such as a

sem conductor wafer or optical disc. To renove air fromthe filter's

pores, the proepss dfiFHuet 11Ss BAaduRE hdusin® cdviressith bib8E arék'3d thefdbyiohi@Rlcatd bot h
the vent and t e out | et gvrts t|| each flujid stream contains no visible

air bubbl es. UHP'GFR Vet creply efﬂ“lﬁ’ifﬁ’ws}’éﬁfo% filfrafion gBR%FATUSN G out | et cont ai ns
many bubbl es, and it is well knomn t hat bubbl es can cause defects on or in
a coated substrate Therefore bubbl e- Iaigen f ral | y

directed to waste anaPHiRt gDl °P5fPinei*}ﬁ“§'h$9r ?He{?in ?P“{flgﬁ
si gni fi cant andaviee ofihis idventidn i¥ystersHr filletihglshddaperiding pmp@ﬂﬁm&seh(ﬁtjzpﬁmo to

bubbl os | o | nfSBART Aoyt it e B P B R B e i ped 1o

renove bubbl esdxspﬁmnmlﬂvhﬁmr(egl dlapmegzmpummaxﬁpmmh@ﬂmmﬁstet@tcbmmneutbubbl es uses
the filter with t_at th bott om t op.

A though t i s BrbP Bl it e B oo s sl OBl 8 sp Pl e B B,

smal | er bubbl e@nempvmmumcﬁh@iagwes,Hepromseﬂmrdumsl&ﬂmtd the fiteopyl t he out si de

of the rrerrbr f . R'%EE -t he

devi ce takes consr cfe abl g‘%ﬁ?réﬁang}amtggmuw ﬁr’ﬂ@"#ln a g‘?l?%l%hg%gﬁ[?bl es can
be absor bed bymltbﬂbblemﬂn@rtméely, the Sluidisent gt ithe Vet apdeutisirontainemany) bﬁ@}’%‘hor ter
filter "fet'%dﬁ%@{ﬁb&ﬁmar%u&&%méﬁ&%efﬁsnﬁ%%&a%dsws&he%Ié%xesystem a

m croprocessor controls he acti ons of l'ter betvveen

them to al | ow thisPubblenigden fyiddsnormallydirpgtad to ‘YFFée @é@p@weéfmé%wcgmns al so

al | ow for reCIJomhls@ﬁﬁ%tmm{@ﬂhﬁdmc&éﬂmds&aﬁb%@hﬁlvsesltob@marmunt of
fluid that is _wasted dgrar ng start-up of a new filter. Durrngfstart up of a

dry filter, fl1%P40q0pepiy é@%‘f@?l‘?émﬂq%‘“ﬂﬁe%ab&ém Bam si de,
where the bublingortaatlen fluid (fromgas renoved fromthe pores of the
filter menbrane) is cycled back to the inlet of the punp.

Typical filtration devices are not optimized to remove bubbles. The preferred
operation orientation to remove bubbles uses the filter with the fluid inlet at the bottom
and the vent at the top. Although this efficiently removes large gas bubbles from the
device, smaller bubbles introduced through the inlet rise slowly along the outside of the
membrane. Purging these bubbles from the upsiream side of the device takes

" considerable time and wastes fluid. In addition, bubbles can be absorbed by the
membrane, resuliing in de-wet spots cansing shorter filter lifetime and bubble induced
substrate defects.

With a TST system, a microprocessor controls the actions of two pumps with a
filter between them to allow for many process benefits, The designs of these systems also
allow for recirculation of bubble-laden fluid to minimize the amount of fluid that is
wasted during start-up of a new filter. During start-up of a dry filter, fluid is pushed
through the filter to the downstream side, where the bubble-laden fluid (from gas
removed from the pores of the filtér membrane) is cycled back to the inlet of the pump.
This fluid is then brought back to the upstream side of the filter. Since the membrane




This fluid is then brought back to the upstreamside of the filter. Since
the menbrane 0 9 DEC 2005 -1t pores are now filled with the process fluid,
the menbrane is a nore effective (but not conpletely effective) bérrDer 2®m
bubbl e passage. In the prior art Inpact LHVD filter, the bubble |aden
fluid is directed to the bottomof the filter. Bubbles nust then rise by
buoyant forces to the filter's vent where they are renoved either by an
automatic neans (software triggered vent valve) or by a manual neans
(manual |y actuated vent valve). Althoughlthis is a nore efficient nethod
for renoving bubbles fromthe filter and conserving fluid, waste is stil

generated, as tgafs¥eRéw AldRFiMGRSRockss faM! th@RbhFFE ek méo bfcaivo (bu@fiott hese
syst ens, bubbl e ventjng i.s not timzed as_the vent] ng cess rel eases
e 3 SEauk

not just bubbl@BPlEEl edectys) Biraerdabubbla pasreey T the reier atimp Holfes do not
rise quickly i nubBkiiden MiddGedicttd to it Sotidnef tHEleR Bubbledhat théntselby owar d t he

vent is required to b] es effectiv t he, bubbl es are
carried al ong °¥aﬁé°':ﬁn3?'g‘ é{gﬁréé{?ﬁ?wl‘?rﬁ GP rsred eﬁ‘%b%ﬁ‘aﬁu OBPUCTPEES 1y ubbl es
to be renoved, (mmamﬁnmgﬂmtummmhpﬁbySHEmﬁmmaﬂs@ﬁmﬁhﬁm&h&ﬂaﬂtvﬁm@ble venti ng
with the I|qU| ation de ce of | S_Invent.ion an algorithm
to automati cal %Sl/&l?:u&h Eh' or A TRE egdés}?fl iy of orfenvalrgg %S '?h e\L/lﬁzt%ta‘ln%g")

Speci fically, -comaving fediwastgisatill L'enbmttfd tas mheenuugmeoeswﬁ ndt pptivgzethBar atthe filter

undergoes a ve OF mbe¥ s%ms%ﬂﬁklé &eﬂu@ 14 1lr\ot }bl%tmiﬁedtapﬁc %ocggs rél{-;]agés dod Qs@t i s |ost

during each vent cycle ers are Art - up and
during operati bul@leabutfabnbbémgtura(eﬁkﬂmnmtr@nfr Smcsylé’blemom@tmﬁgmpm}'tnémaﬂxt art-up,

the filter is yRRieHiGYREhofidd th:e?liiﬁ't&mar& fle c&mvcﬁm?ea% ﬁﬂQ&‘e‘ihe%’%lEses
Typically, the vent val ve_opens f mlli1seconds, and apprOX|nater 50

to 150 mcroli (‘*@fe%t“’él%@ql?}’?’@eﬁ%e‘@Wﬂ%ﬁ%@?@m%@h@@d{t@%lﬂ?é@a art-up
and precondi ti gRibible tote@esoved, B nlord Avid tht3dejRRd AR fdaiOr € t han 200 ti mes.
Therefore, this process wastes between approximately 10 mlliliters and 30
mlliliters of fluid. Also, during normal operation, the filter is vented
every cycle, again}nﬁ&ub&ﬁmgmﬂnhbmpMﬂﬂmmﬁﬁdm@ﬁdf%ﬁﬂn@ﬁﬁﬂa&m$eﬁ5 bei ng | ost
per each dispense, TST |cat S, VE na b Sg Us y a manual
process and is ﬁ?n%g)augfms‘%cr l%:lr% DR ﬁl cemgfw" rg,J) éecr“g‘?al&’ Duri ng
start-up, vent smagt wegingmn]éhrmtﬁqumnue; ofifimes that the filter undergoes a vent cycle and it

will limit the amount of fluid that is lost during each vent cycle.

Typically, filters are vented during start-up and during operations as follows:

(A) InaTST system during filter start-up, the filter is vented every fifth cycle
to remove entrapped bubbles. Typically, the vent valve opens for 250 milliseconds, and
approximately 50 to 150 microliters of fluid is sent to waste. During a typical start-up
and preconditioning process, the filter can be vented more than 200 times. Therefore, this
process wastes between approximately 10 milliliters and 30 milliliters of fluid. Also,
during normal operation, the filter is vented every cycle, again resulting in between 50
and 150 microliters being lost per each dispense.

(B) Innon-TST applications, venting is usually a manual process and is at the
discretion and convenience of the operator. During start-up, venting is more frequent, but
the manual aspect of venting results in between 50 to 100 milliliters of fluid loss. Also,
since there is typically no recirculation of the filter’s downstream fluid, an additional 500
to 1500 milliliters can be wasted conditioning the filter. Finally, during operation,
venting can be done once per day, and again, between 20 and 30 milliliters can be lost
each time,



t he manual aspect of venting results in between 50 to 100 mlIliliters of
fluid loss. Also, since there is typically no recirculation of thé&9 DEc 25

filter's downstream fluid, an additional 500 to 1500 mlliliters can be
wasted conditioning the filter. Finally, during operation, venting can be
done once per day, and again, between 20 and 30 mlliliters can be | ost

each time. 0 9 DEC 2005 -i2 Wth the liqeid filtration device of this

i nvention, smart venting is programmable and automated. On a single stage
system this could be acconplished by using an "intelligent” manifold and
the device of this invention. The current I MPACT ST manifold is a passive

device, but it cawigemheBgad it VB of (S HHvERidn Mha JebiRgis proghilnedaBRr 0OCessor
and several fluid connectiaons ( sol.enoi d val ves%‘bééges . A description

, €.Jg., . )
of such a systdpntrRated G 2 sipsle-tagsepsteny this couldheaceomplished bY WEMNi fol d wit h

the filter dehtgifgen®fminifoR dhdihe QbvicRids hih iR RAk6R | The bidenPmErART SN of sol enoid
vent valve 72 and solenoid. recirculation valve 74. The manifold with the

devi ce of t hi@aiRlddne passive devigp.dyt it ¢pn be made te dogmab Fenlips b 14MBgAp 89. Tee

connection 76nﬂcﬁFﬁ@§sk6ria9@§'eder§1cmﬁcr@hnefcﬁéﬂs te.£ 2001R8Id vEHdseedsp dA eéserg}ﬁbnt hr ough
recircul ati on valve 74 or_ through the_stop and suckback, Vtﬁl ve 78. to the
substrate 84.°7ud agystens isshan ingigaes 1o fmhis fizurecihpmagifold witly the;Hlfer AeFi%¥ sour ce

82 during nojfimd inPREbRY0 QRtréls the bR bFR1eaGidWBRRalv&#2 duld Wbihoids reci rcul ated
to the manifold and filter evice 7Q0. At start-up of a new filter,

devi ce 70Q ] .
recircul at i orfessrgenratvg {4 Thegpanipld vith dhesierice obthis mvenign igalso @ osed and vent

valve 72 i s qpfiRgication Wit alptmb 88Me8 6dthedtibh 96 ishpBsifiohed §ahd fluld chibd t he :
housing of the fi]Jtratjon deyice. After the housing is f%g!@h fluid can then

be recircul atgetedierroreegisrulzan valvg éher theoughithe stop and sy value /8

recircul ati oRo e kitiratd 84. STR B & poitidnddbotl RN dccepk A%id AoA Tl oicH8duziag. At
selected tinmes during. recircul atloH (either. tiped or after, z% certain

e 157 IR
nunber of cydP ?Pefag'@n("éﬁ?ni‘ ¥alyeth fhflpd is pecireulated jo thy mapifpld spd fen v al ve
72 is openedeti6: 70 M ¥RtGP S 4 fickMitieh) ecirBilat{ gl vdiva ngladdi stop @hid Sidkbadif $28% t he

flui d can be BEBOGFCI 3P SHBS T2 posh TR HBS = Sub Be TR BIBERE of cycl es
bet ween vent hoging@fthed fideatibs Bgiddc At tyhodSih PG full, AGiddayhetbeabeitctlatad | nvent i on.
Since bubbl e %utgxggﬁcgﬁye ivﬁiﬁeevré}rti vaaivle )52 }s rc oggleagld ?chrcu gh%lng (\:'ee 7 1ts olge?l%o that vent
loss can be minimized. At selected times during recirculation (either timed or after a
certain number of cycles), the recirculation valve 74 is closed and the vent valve 72 is
~ opened to remove gas from the manifold and filter 70. After the filter has been primed,
valve 74 is closed and valve 78 is opened so that fluid can be deposited on substrate 91.

In most cases, the number of cycles between venting could be lengthened by using
‘the device of this invention. Since bubbles are preferentially trapped and coalesce at the
top of the filtration device, they are not in contact with or pass by the filter membrane.
As such, they will not form de-wet spots (i.e., causing shorter filter lifetime or introducing
bubble induced substrate defects). Therefore, the time between vent processes can be

increased.

Also, the vent valve opening (time and geometry) can be minimized. Currently,
the vent valve must be sufficiently open to allow for bubble-laden fluid to flow through
~ the valve. However, since the bubbles will coalesce into larger bubbles, air (with its

lotwer viscosity) flows more easily than fluid through a small passage, and opening the



top of the filtration device, they are not in contact with or pass by the
filter menbrane. As such, they will not formde-wet spots (i.e., cRUSERIs5
shorter filter lifetinme or introducing bubble induced substrate defects).
Therefore, the tine between vent processes can be increased. Al so, the
vent val ve opening (tinme and geonetry) can be mnimzed. Currently, the
vent val ve nust be sufficiently open to allow for bubble-laden fluid to

fl ow through the valve. However, since the bubbles will coal esce into

| arger bubbles, air (with its lower vigéosity) flows nore easily than
fluid through a small passage, and opening the 0 9 DEC 2005 -13 vent ever

lightly f h whi |
ot~ bl ow ng RS o uleni BFa i B BherPoa Blob s b BATRIWEY 03T 01 2
short vent op@ﬁp\mggﬂmdmam Tb@mtﬂdﬁelapwglphﬁedwemhwdtm@aahqrmnhome its open
orifice area. iﬁﬁtoli]cc\WUllhﬂgtlﬂgven?%ap\%?c}rﬁﬁﬁmkanﬂusggg%mﬁé%ﬂ tHafh WRRIHNY Of the

valve for different viscosit mnimze fluid | oss
through the veRectivainanipimizingdhs apensheeat fheivatve fmﬂﬁ%ﬁn@imw Suign emdbothon can be

further i mprovedidininiAdR{dAQE Aldu@mebedhe following features: (A) Install a
menbrane contactor type of degasSer in the system This degasser can be
installed on the filter's vent line. Also, on a single stage system it can

be upstream of thﬁlefahtbfn@ﬁc,opamn%med b¥\Ris Sdvesten tLRGR RRIeGMpRYSIEyM i T i 'S
positioned on_the upstream side t he punp (but domnstreanlo the line

used to reC|rEHWQP@“FH@ﬂFWﬂPHm@§?Pﬁ§: start-up). Such a degasser renove
bubbl es and preven{A)i isahw betBraieoneadtbraybe\WE ddpauddr in 1B éyeteinl WRist he 1 ui d
stream This %Iso has thf@@ﬂva t age, of pr.act call% |n1nat ng. vmﬂflng
during nor mal SEARPLER B instelief op the fffer's ypof jin ﬁ#gﬁk S%feﬂﬁﬁﬁ?g?hﬁ gat i ng,
vacuum etc. )upmmnmhdm&d,an&nﬂattvblﬁts@témﬁdlsgyuysmiﬂtgspbﬁﬁdmbdonthe undesi rabl e
changes to the_process fluid i SC n d vent '
evapor ation). l?%% né(gFFpgn%ﬁbﬁﬁ@mggF@c?%FL%ﬂ?ﬁﬂ?gwﬁm#ﬁ %%m€ nﬁe, in the
vent port of steup) Stdhra degasse kdmoge bibhlet imed prevant inddrebubilaforroaion@abait t he

filtration deyighnlfo Rl ¥Ras! ALl AGDRYLARN oY Bha I, NRkLAG Jhe can be

enabl ed onIy ector senses
durmg normal operation. Other degassing means (e.g., sparging, heating, vacuum, etc.)

can be used, but those means usually result in undesirable changes to the process fluid (
e.g., viscosity change due to solvent evaporation).

(B) Install 2 bubble detector either in the vent line, in the vent port of the filter
itself or in the manifold that connects the filtration device to a two stage technology
system. Venting then can be enabled only when the bubble detector senses a sufficient
quantity of gas with a signal being read by a microprocessor. In addition, venting can be
controlled such that only bubbles are vented and not fluid.



quantity of gas with a signal being read by a mcroprocessor. In addition,
venting can be controlled such that only bubbles are vented and not fluid.
0 9 DEC 2005 -14 CLAIMS 1. Aliquid filtration device wth internal 3f0EEw2005
paths that facilitate the purging of air bubbles therefrom the device
conprising: a housing, said housing including a bow; a cap, and a cover,
the cover having internal and external gurfaces and characterized by
apertures therein that serve as fluid inlet, outlet and vent, whereby said
cap, cover and bow are conbined in such a manner that fluid channels are
created, such channels facilitating sweepi ng bubbles out of the device and
toward the vent, said channels including: a fluid channel that directs
fluid towar #L48 portion of the housing where the vent is located; a
fluid channel that directs fluid to sweep the bottomof the bow; and a
fluid channel that directs fluid to swee e updersyurface of the cap. 2.
The device of claim f'PH‘P?’W@Jr'onL‘%WB‘FY@I 'H'ﬁpq?[e'ﬁ"pﬁ&?ﬁ??gﬁl\t? eﬁ%%@ﬁ?'@%‘.’f 3. The
devi ce of claibnblies thérefram, the dewicelcanepmitinggat h conver gence being | uxtaposed to
the nadir of the |, ; ap and the cover. 4. The device of
claim 2, wher ebya‘tﬁﬁ%%ﬁ@séﬂg@&g‘%m@gi&d top cap has a sloping surface, said
sl opi ng surface havi if°¥knadir and zenith. 5. The device of claim4, said
surface zenith bei ngajodaptanposed to said vent aperture. 6. The device of
claim5, wherein, said.Vv rgen | n I the nadir
of the volunme bet weer"’\'%? %eg’q&%%%%‘}r}ﬁgﬁﬁ}é?ec"ga\?3&&8%%%%ﬁ%§%%nggﬂ%g S%rfzgfi m 4, said
surface nadir bebn@peftuses tigteintthatisgrve gs fiuid ivlel oridpb @nd vent, whereby said cap,

cover and bow! are combined in such a manner that fluid channels are created,

such channels facilitating sweeping bubbles out of the device and toward the vent,

said channels including:

a fluid channel that directs fluid toward that portion of the housing where the vent is
located;

a fluid channel that directs fluid to sweep the bottom of the bowl; and

a fluid channel that directs fluid to sweep the undersurface of the cap.

2, The device of claim 1 further comprising vent paths that converge.

3. The device of claim 2, wherein, said vent path convergence being
juxtaposed to the nadir of the volume between the cap and the cover.

4. The device of claim 2, whereby the underside of said top cap has a sloping
surface, said sloping surface having a nadir and zenith.

5. The device of claim 4, said surface zenith being juxtaposed to said vent
aperture.
6. The device of claim 5, wherein, said vent path convergence being

juxtaposed to the nadir of the volume between the cap and the cover.

7. The device of claim 4, said surface nadir being juxtaposed to said converged
vent flow paths.

8. The device of claim 7, wherein, said vent flow path convergence juxtaposed
to the nadir of the volume between the cap and the cover.

9. The device of claim 1, wherein the internal surface of the cover defines a
vent ridge.



vent flow paths. 8. The device of claim7, wherein, said vent flow path
convergence juxtaposed to the nadir of the volune between the cap adﬁg éhﬁo
cover. 9. The device of claim1l, wherein the internal surface of th b 5
defines a vent ridge. 0 9 DEC 2605 -15 10. A nethod of renoving bubbl es
froma fluid passing through a filter device, conprising: providing a
filter device conprising a housing, thejsiousing conprising a bow, a cap,
and a cover, the bow defining an openi ng that receives a filter medi um
the cap substantlally covering the opening of the bowl and the filter

medium the cover being fitted to the cap and, the bow , the cover
i ncluding a flui®"i nI’L\a’P hod qf I"?j?QY'"Q(?H’E’tP'%"tf"°"h"f‘1ﬂf"%pfi?§'ﬂ$ thrqygh %g‘f"l"ﬁ@""fel' uid from

the inl et taomprbidghe vent through a first fluid channel defined in a first

vol ume between the Cq gngr (] i gﬁg cumul ati ng
bubbl es fromthe fl u ld' l%ﬂ@e\y&@@oméﬂ ﬁgm%kh%n?tér ﬁ'@h‘?nﬁ devi ce,
the inlet and vebawh @éian@nﬁwwer éhﬁehpwé@efmﬁsa@mmsmt@f:eweﬁ@fh%mseidwg* and

optionally, openﬂheeaﬁéwstm@nyé&e &behing obm@bévﬂanddﬂamteaﬁ@uml @te near the

ent to be expelled. 11 10 further

i rect i ng the f1 GV berB e T Peand Iha%a@ﬁnsﬁﬁ@r bR BB 308, sur  ace
of the cap t hr oouget, andsseeohid f 1 ui d channel, the second fluid channel being
defined in a second df'r@!:tﬂrlgﬁt]gl@ﬁﬁm|n|@ﬂow'5}@ﬁ{e%ﬁtftﬁ'&?gh%ffr§1|ﬂ@dGﬁé?m@ind the

filter medium the secan hannel accunul atin [es fromthe

fluid that col | etafinggin pdishyqling betvess thﬁw%?rsﬁﬁ'ﬂff&fépd\"efﬁfﬁ@ﬂ@&ﬁaf‘"&hd further
directing the fladcamiiathgblibttesd@maneliuidvasanik vérmadthé fluid értert the Silter déviced

o hnat e BBl DA T 0L B [ second
accunul ati ng bubbl es optionally, opening the vent to enable the bubbles that accumulate near the

vent to be expelled.

11 The method of claim 10 further comprising:
directing the fluid from the first fluid channel to sweep an undersurface of the

cap through a second fluid channel, the second fluid channel being defined in a

second volume between an undersurface of the cap and the filter medium, the

second fluid channel accumulaﬁng bubbles from the fluid that collect or form near
the undersurface of the cap; and

further directing the fiuid from the second channel back to the first fluid
channel through an aperture defined in the cap that couples the second fluid
channel with the first fluid channel, the first fluid channel accumulating bubbles
recovered in the second fluid channel near the vent.

12. - The method of claim 11 further comprising:

directing the fluid from the first fluid channel toward the bottom of the bowl
through a third fluid channel defined between the bowl and the filter medium, the
third fluid channel enabling the fluid to sweep the bottom of the bowl; and

further directing the fluid from the bottom of the bowl through a plurality of
fourth fluid channels toward the second fluid channel.

13, The method of claim 10 wherein the first fluid channel is characterized by
cross-sectional areas that facilitate a fluid velocity that enables removal of bubbles from the
fluid flowing through the first fluid channel.

14.  The method of claim 10 wherein the first fluid channel extends substantially



recovered in the second fluid channel near the vent. 12. The nmet hod of
claim 1l further conprising: directing the fluid fromthe first fl |9d
channel toward the bottom of the bow through a third fluid channéel DEC 2005
defined between the bow and the filter medium the third fluid channel
enabling the fluid to sweep the bottom of the bow; and further directing
the fluid fromthe bottom of the bow through a pl urallty of fourth fluid
channel s toward the second fluid channel®~ 13, The nmethod of claim 10
wherein the first fluid channel is characterized by cross-sectional areas
that facilitate a fluid velocity that enables renpoval of bubbles fromthe
fluid flow riportbotighmierrace pfitaq hqusing goven guetethat thedirst fiyd chaspelsairab¥ upc| ai m 10
V\Qer ei nht he denfﬁifouﬁllatlﬁdé o@fchalaﬁ\!ﬁr tcﬁ)ﬁ&ﬁﬁiﬁpa‘th@?@r&hﬁtﬁéﬁtﬁ b&difecleito tBé)O&]El- 16OI
about the circu rence of t oyer, s t.hat 't irst ui
channel spirals ug P‘ﬁ' hwouf'i’g't s“l'q%ée' ¥. tsﬁcgmg@l{/%?hapnel e’lrs} ?R/C%de a pat hway

f or bubbl es substidialiy abectttmjc"tcwntewwe‘rthe caplhe Sé'dmedfﬁmmneiﬂefmlnalarﬂpw1 wher ei n
the second fdqp éio&.hemaf{otr%%én%eﬁe%trﬁmbéé@ém'tﬁédaéc@mw thlel8p fmorugwm erence of

t he cap, the second }" channel elnlng_I low path allowing fluid to
travel beneaﬁpﬁnﬂrﬁ@t%taﬁ irghfyidy ghanpebioe exPyisign r?‘h"@”@d’ﬁ"‘t hrough an aperture
into the first fh&i d Thkarted of ddimelzphbindhe thind Muiddhahied is\defirfed badtaveenldte net hod

of claim12, {ami gggﬁ,o %HJX%"; nghsﬁﬂgn@ﬂggdhé ﬁ?lg@hlb&ﬁld bet ween at | east

two ribs pos I one ousing bow . 17. The

met hod of claim 1% \/\H@Pmeﬁ’f‘@ﬁéc'iimdﬁé{'lhﬁﬂﬂ the pipglity eHourth fluidl cdRasiSel s conver ge

with the secamérdd wihdhesaonteiuididhastel &R hedr i nadiflbfithdfolintcbewmet R dapt ween
the cap and t e cove t he housing. 18. The nethod of claim 17 wherein

the plurali ﬁ? ‘H*?‘Lﬂ“& channel's are each defined between at | east
two ribs positi oﬂfbd a[kiemetwdaf@wg 17 rweherrgirs thealupdiitytolf putiib lidd ehgnndbate. 19, The

met hod of clagtichRed¥iaiden at leh& M%rp‘éknﬁ&eﬁfaxnél@%lo‘ﬁﬁ%ehﬁs?de%f%%B@éﬂl surface,

t he sl oped %urface having a nadir and a zenith e zenith being juxtaposed
to the
19.  The method of claim 10 wherein the underside of the cap has a sloped

surface, the sloped surface having a nadir and a zenith, the zenith being juxtaposed to the
vent.

20.  The method of claim 10 wherein the housing cover has an internal surface
angled toward a vent side of the cover to provide a pathway for bubbles to be directed to the

vent.
21.  The method of claim 10 further comprising:
opening and closing the vent for time intervals that minimize fluid loss.
22,  The method of claim 10 further comprising:
providing a degassing membrane contactor external to the filter device to
further eliminate bubbles.
23. A method of removing bubbles from a fluid passing through a filter device,
comprising:

providing a filter device comprising a housing, the housing comprising a
bowl, a cap, and a cover, the bowl! defining an opening that receives a filter medium,
the cap substantially covering the opening of the bowl and the filter medium, the
cover being fitted to the cap and the bowl, the cover including a fluid inlet, a fluid
outlet, and a vent;

directing fluid from the inlet toward the vent through a first fluid channel



vent. 20. The method of claim 10 wherein the housing cover has an internal
surface angled toward a vent side of the cover to provide a pathway for
bubbles to be directed to the vent. 21. The nmethod of claim 10 fUuBtd&&r 2005
conprising: opening and closing the vent for tine intervals that m nimze
fluid loss. 22. The nethod of claim 10 further conprising: providing a
degassi ng nmenbrane contactor external tg_the filter device to further

el i m nate bubbles. 23. A nethod of renoving bubbles froma fluid passing
through a filter device, conprising: providing a filter device conprising
a housing, the housing conprising a bow, a cap, and a cover, the bow
defini ng an openféfiged 'I‘1&tﬁf5ft ¥l kalweerrthe eqver grd dhesap. the firet fvidishannskt antial |y

fcgaver:]I ng thﬁ Opeﬁucugulaﬁnﬁtbb%blmm tﬁ@mjldrk&rmbbér@éstﬂedhuwéﬂular&hﬁﬂt&:ﬂ&ﬁée, beic Ing .
itte totecapan e .bo r uid inlet, a flui
outlet, and a vent; heé?"e @A'qtr%hﬁdf ﬁ\efﬁgﬁqﬁa@f‘%’gvﬁ%p fhe vent through
a first fluid chmqim;urf@e@f DECDOBgh 4 Feaded fluidachanmel,dhef secend fluigl chamnebet ween
the cover and th@eu@%ﬂnédh@agédbﬁavdcldrﬁﬂ ﬂet\ﬁ&ﬂ%ﬂ%der éHthf’étchQn&HDhle?S from

the fluid near the vent as the fluid enters i evi ce; further

directing the flHHT r“%ﬁﬁef:‘l’ﬂé’ ﬂf‘idrcg"t‘“"ﬁ'l%F‘d“%‘&ﬁh‘&b'eﬁg%\%éb“dé'ﬂf’t cQlleH&F sur f ace
of the cap througtm ﬂeas&emndlerédrlabdofalharmel t he second fluid channel being

defined in a second he
filter nedium the ‘é@ﬁh%ﬁﬁre?ﬁg"{ﬁdee anne g%%ﬁ%@&g,a%elwegﬁ%r@?ﬁuﬁt he
fluid that col | edannsg thfquehmwfet%@%wd@wmma@éums theeeceaghuid yr t her
directing the f|dhtaﬁhei'ﬁ/mﬁh§h@tfﬁmaﬁhef knd st alRa BRhel RBSUMUling Bebblesr st 1 ui d

channel th oush AT SRRLH% SRl A hbRebi Uyl Bg coup! e he second
accunul ati ng bubbl es optionally, opening the vent to enable the bubbles that accumulate near the
vent to be expelled.
24. A method of removing bubbles from a fluid passing through a filter device,
comprising;
providing a filter device comprising a housing, the housing comprising a
bowl, a cap, and a cover, the bowl defining an opening that receives a filter medium,
the cap substantially covering the opening of the bow! and the filter medium, the
cover being fitted to the cap and the bowl, the cover including a fluid inlet, a fluid
outlet, and a vent;
directing the fluid from the inlet of the filter device toward the bottom of the
bowl through a first fluid channel defined between the bow! and the filter medium,
the first fluid channel enabling the fluid to sweep the bottom of the bowl;
further directing the fluid from the bottom of the bowl through at least one
second fluid channel toward the vent for removal of bubbles in the fluid; and
optionally, opening the vent to enable the bubbles that accumulate near the
vent to be expelled.
25.  The method of claim 24 wherein the housing cover has an interior surface
being angled toward the vent to enable bubbles removed from the fluid to rise to the vent.
26.  The method of claim 24 wherein an interior wall of the housing bow is fitted
to the exterior wall of the filter medium, such that the first fluid channel is defined
therebetween for directing the fluid from the inlet of the filter device toward the bottom of the
bowl.



recovered in the second fluid channel near the vent; and optionally,
openi ng the vent to enabl e the bubbles that accunul ate near the vent to be
expel l ed. 24. A nethod of renoving bubbles froma fluid passing tﬂﬁo@ﬁhZ@S
filter device, conprising; providing a filter device conprising a housing,
t he housing conprising a bowl, a cap, and a cover, the bow defining an
opening that receives a filter medium the cap substantially covering the
opening of the bow and the filter nedl ég the cover being fitted to the
cap and the bow, the cover including a fluid inlet, a fluid outlet, and a
vent; directing the fluid fromthe inlet of the filter device toward the
bottom of the bew tTheaiegiod af ddim 28 whérdindt lefst omesflowdhirnineksiddiisédeeveehhe bowl

and the {1 Gl fTRe e ot Aendlshd ol i hochARHon SREARL AR, bkl to Sueer

the bottom o rrec rOm ¢ ottom of the
bow t hr oughhaiet Ipashene fb'ﬁ’e?ha@@tl@ efired Gﬁ%h@h@ﬁﬁ for SW@M@ dhetinteriog betton &y r enoval
of bubbl es ie fdusing bétd; and optionally, opening the vent to enable the
bubbl es that accunul ate near the vent to be expelled. 25. The nethod of

cl ai m 24 wherein the housing cover has an interior surface being angled
toward the vent to enabl e bubbles renmoved fromthe fluid to rise to the
vent. 26. The nethod of claim24 wherein an interior wall of the housing
bowl is fitted to the exterior wall of the filter nedium such that the
first fluid channel is defined therebetween for directing the fluid from
the inlet of the filter device toward the bottomof the bowl. 0 9 DEC 2005
-18 27. The nethod of claim24 wherein at |east one flow channel is defined
between the interior bottom of the housing bow and the exterior bottom of
the filter medium such that at |east one fluid channel is defined

t her ebetween for sweeping the interior bottomof the housing bow .



