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| NVENTI ON The | MPACTQO LVHD filter, sold by Mykrolis Corporation of

Bedf ord, wo/aysashusetts, has a | ow hold up vol ume whi ch i BCV@&s§1/28771

advant ageous 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 5
filtration to prevent debris in the process fluid from being deposited onto
the substrate and from causing defects. A sectional view of the current

| MPACT filter may be found i RIGUH)FELTRAFIQNAEVICEHr ovi des a devi ce t hat
uses three independent connections, a vent 12, a feedl4, and an 10 outl et
16, that can interface with either a stand alone manifold or directly to a

di spense BAGKERUSIND GIBTHReNRGENTMMQr | ntelli GenOO di spense systens that
are manuf act ur ed %ﬁﬁ %?krolis Corporation. The process fluid enters through
the inlet port ThaIMRAGT® Y HR diltst ghldtyeykiols Comnsaatiop efBedfedhousi ng

bott om 25. fi L Wi - i [,cal rane
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back to t béthepnédesd fluids prhcipahskltaysbethe dEheeMghotorpsistt ditRcalck,aimns- bubbl es
that accunul ate on the upstream.side of the filter to exit the housing 22.

To bet t er THGCHYT40E PBEAIscanpAts-Ihe IMRACT LEM flteprrovideatweer t he
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allows air to gradua rrse to the hi point in the ousi ng
20 and t o fexi tausing dhfeatsi ng 22. 20 A nore detail ed description of the
attributes and benefits of the I MPACT LHVD filter may be found in Mykrolis
Applications Note No. MAO68 entitled "New Photochem cal Filtration

Technol ogy for ARice6&HS vIeWPEOKE Bt T0Y AMT Shanks, B ukakrigrhin KhgRg. This
paper was originally presented at the | NTERFACE™ 97 Poster "Session 25 on

Novenber pmvideg@device that usasdhieqmidspertdent connections, a vent 12, a feed14, and an
ht t p: /[ vwwy, rolis.co i crol ot esl i.q, nsf/does/ 48L.H63. Al so, benefits
of  Tindd " R oy S S B BRRT s i MR OB ARy ‘R ABORBE W 100

entitled s%dtéﬂ? £ d3Ghd R OIEN ™MD O E R RS RERRktefBENM Ak dmbher tMRAGT, ST
Mani f ol d* by M

Mykrolis Corporation. The process fluid enters through the inlet port 14 and flows
through the inlet tube 24 to the housing bottom 25. The process fluid thén flows tﬁrough
the vertical membrane filter 26 to the outlet port 16, where the purified fluid is directed

15  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.

20

A more detailed description of the attributes and benefits of the IMPACT LHVD

filter may be found in Mykrolis Applications Note No. MAO68 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

25  on November 10, 1997. It is available at
http://www.mykrolis.com/micro/appnotesliq.nsf/docs/481.Q63. Also, benefits of the
IMPACT LHVD are presented in Mykrolis Applications Note No. MAL109 entitled
“Improving Photolithography Equipment OEE with the IMPACT ST Manifold” by M.
Clarke. It is available at http://www.mykrolis.conﬂmicro/appnotesliq.nﬁ/docs/%AIUB.



Clarke. It is available at
http://ww. nmykrolis.com m cro/appnotesliq.nsf/docs/46AK7B. WD 02/ 22232
PCT/ US0O1M@62712232 2 Al t hough t he design and performnce of PCVESOHMBAGT LHVD
filter is much inproved over other filjration devices, it is also not
fully optimzed for bubble venting. |In the | MPACT LHVD filter,
bubbl e-l1 aden fluid is forced to the bottom of the device to sweep the
bottomwi th fl Wihohgh Me@edph afd pertbrifangnstth@ VRACTNEH VDL figdpiantich he
formation of 5 gel particles. Therefore, any entrained bubbles nust then
rise to tHePipEed ovenghian filtration dgyiged, yi is plsp ngt fulitslopbrized don hubbdloemtiogn wi | |
require tr ! L he f VicGe. ; To
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st andard sWeed the boadmavithafidd b preasdlusy sihatmion Mylke 0bitemday ehofedatidt &ur at ed
filtration and. di spense systens, called "Two Stage Technol ogy" or "TST".
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new filter. icren renove om
the filtefroenledoviserve fluid, waste is still generated, as the venting
process 15 is not optimzed. A nore detailed description of the operation
of a Two Stage Technol ogy System is given in Mykrolis Applications Note

No. MAL111 it |8 o i - ' '
ent irhlc8fhpehidfabs iRAELAD LRSS oﬁl%ré&&ﬂ%mgf%ge \E{?d% lsté'lcga? : It

Two- St age _Technol ogy Photochem cal Di Spense Systens”
i s avél | ablteation and dspersavmysten Ndykrslis develapied ig¢grpted il lestloncand st gpenses / 46 FSWG,

For all of_these st.e even, i ncl ydi n ST.systens bu venting is
St 1T not VP a8 e el rodste. T BAEE hedSute sUBBies but a
bubbl e sagdwitgdetitaildiod D slibtaMdeRifRERoBHRRLES (K0aAint bF AfiddHMGK! Y I n nmany
process fluids, the notion of the fluid toward the vent is required to

renove t h&agiadpnaag startup of pnewfilter.Hilthngh these aystensmmereafficightinzeniyyet he
fluid str di: 1 .k er. th bl e o_be renoved, the nore
fluid t ha?‘afgsleseﬁrée]‘%f%%dﬁftéﬁ%ﬁ%851%%@%15’%6“% Sisgﬂgﬁ%eé?s%‘?nas?tﬁe&ﬁ“{lﬁ% process
af or enent isaedptppdetdcat i ons notes and di scussions that gas bubbles are a
concern to sem conductor manufacturers. However, the current | MPACT
A more detailed description of the operation of a Two Stage Technology System
1s given in Mykrolis Applications Note No. MAL111 entitled “Understanding the
Operating Cycles of Millipore Two-Stage Technology Photochemical Dispense Systems”
20 by M. Clarke. Itis available at

http://www.mykrolis.com/micro/appnotesliq.nsf/docs/46FSWG.

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
25 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.

30 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 as well
as to i niwoayz2bubbl e renmoval WO 02/ 22232 PCT/ US01/ 28771 PEBUS@Ii80T1 t O
filtration. Accordingly, it would be degirable to provide a |iquid
filtration device wherein bubble renmoval fromthe liquid being filtered be
initiated prior to filtration so that the gas bubbles renoved are

posi ti onegﬁ&e@rﬁlﬁgﬁoﬂent, thereby facilitating gas bubble renmoval 5 from
the liquid being filtered. Also, it would be desirable to have the system
to provide a Awseerdirghy, itiwowddbeidesinabletto pyoadle alifjniduilttatian deviseivderdevi ce
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devi ces. Tae the dgeid beinmBiteyad dAlspoifwierlds degirptde to fidvgitle system toqsavidens
wher e gas i L i . ) h resent, inventipen
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wi thin a Hoiddbsyy having a housing cover that will allow for faster and nore
efficient renoval of entrained bubbles. The new device and nethod uses a
portion of the fluid s velocity at the device inlet to sweep around the

under si de I,g“fﬁ @g;eﬁ j cartridge within the device. This w |
force gassgﬁt}/é es@wit gﬁwl\#’f% to rise above the 20 filter nenbrane and
adj acent the i The gesentrifiantonpravivies hdasicea that eminatespras bulktpldsdrah b hid

posi tioned beneath.the filter .cartridge' s flange then _caonverge to the
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the present invention provides a netho or effect autonmatic ~ venting of

bubbl es f digent flvid infailodativisvchefd gasdubbles will inestlikehp¢adett. of t he present
invention to provide a liquid filtration device that elimnates gas
bubbles fromfluid within the device during a vent cycle. 30

15 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

20  filter membrane and adjacent 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 proceed toward the vent

port of the device.

25 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.
30
| It is also an object of the present invention to provide a liquid filtration device that
removes gas bubbles from a fluid by utilizing surfaces in the device while the device is

operated in a filtration cycle.



It is also an object of the present invention to provide a |liquid
filtration device that renoves gas bubbles froma fluid by utilizing
surfaces woaovte3revi ce while the device is operated in arP€TAsoi@s8TTIN cycl e.
WD 02/ 22232 PCT/ US01/28771 -4 BRI EF DESCRI PTION OF THE DRAW NGS Figure 1
is a representation of the prior art, a sectional view of an | MPACT LHVD
filter. 5 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 underside of the top cap of the filtration

devi ce ofBRHM@DEﬁmﬂﬂﬁWHaNﬂﬁhTHEH@&AQW@ﬁGSs a partial cross sectional view
of the top cap.of Fjqure 3a S|t|f rel ati eto filter
cartridge of ¢ HIETS hidepiacra st iririofsss & sectfapCyidy SR MBASTT i ew of

t he presenpvingeati on which shows fluid channels with arrow representing
fluid flow paths. Figure 4b is an underside view of the device of Figure
4a. 20° Figure 5 is a top view of the bow of the filtration device of the

present. | AVent fon... JI. o8 625 B RAL LAl 96l ARKLEK AL 116, BlesENt

i nvention whic anne W repr

fluid fl oiiveidh widk afrb@b fpr&bntirg fuld Wodesshydde vi ew 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. 30 Figure 8 is a partial sectional view

of the presenty igﬂ}’ee{hf fs%}%bfﬁe%ﬂﬁ&@ﬁ%oﬂﬁé‘t @f“cﬁé’hlt?a%fl%re%%"oftm

representations o ow pat ure I's a partial sectional view
of the prmasemion. nventi on whi ch shows a f|UId WO 02/22232 PCT/ US01/ 28771 -5
channel and the convergence of fluid flow paths access point to force air
bubbl es above

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.

15 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.
20 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.
25 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.

30 Figure 8 is a partial sectional view of the present invention which shows a fluid

channel and arrow representations of fluid flow paths.

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



filter cartridge. Figure 10 is a bottomview of an alternative housing
cover of this invention. 5 Figure 11 is a bottomview of an alternative
top cap o¥Oobh2231i nvention used in conjunction with the hpOBURQ/OMer of
Figure 10. Figure 12 is a flow diagramjllustrating an autonated method for
operating the 10 device of this invention. DESCRI PTION OF THE SPECI FI C
EMBODI MENTS The flow direction of both bubbles renoved fromfluid being

filtered gngmtigd tﬁécéﬂv'efg%ﬁ@éjoffflhﬂﬂ How lsala&srhct:ése gt)in_lt td Rk BWIGEL8Te thi s

i nvention depends upon the node in which evice IS elng operated. The
filtrati ofiltdessrizdgef thls i nvention can be operated with the vent either
open or closed. In an initial operating node of the filtration device, the
filtration device is filled with fluid and additional fluid is punped

through the dewigge 1WMstdboiida Mewtofeﬁeﬂeﬁletnreqmyﬁgtcbeerr@mgé hﬁ\bén%n gas and
bubbl es fromthe device. During 20 this node of operation, bubble-Iaden

fluid s al so passed through the vent. Subsequent to this initial npde of

ion, th dethe fluid b ! d
Chrough the 11 PG HhOicte SR VRN R Sutrrblh SRR MR iona b cs are

const ant | yonjegpidhatittctht homitheoviel of Bigheimg filtered and are collected at or
near the vent. In a preferred node of operation, fluid is recircul ated
through the filtration device for a period of tine to 25 assure conplete or

substanti al |

mnimze theyaF nét Pjo% %F(ﬁv gﬁgﬁd\éﬂulufg{r%ﬂé&gmpﬁﬁgd Iglm ?gm{ r‘éeg§£§ltﬁ? t he
vent 16 ogenedofahd invrmkibhes are expelled fromthe 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 anot her vent operation is needed. Again, bubbles and fluid will be 30
expel l ed through the vent. The bubbles entrained within the fluid are
forced frBIBSORIPTIQN @TaTIRPPENEFEE EMBODIMERISons within the filtration

oo oty B30l DRSS BB PO RuBle Rl 2227,
f1 ui di£onfiLelee MuiPRitMintthe filt@itivR Avice of this invention depends upon the mode in
which the device is being operated. The filtration 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
20  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 period of time to
25  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

30  expelled through the vent.

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

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



A second channel is positioned in a top cap above the filter nenbrane of
the filtration device and is positioned to be in direct fluid

comuni cavoomaesi h the first channel. The first channel PRCTWRU/2ZAIAS
bubbles fromthe fluid as the fluid enters the filtration device. 5 The
first channel also is positioned to accept bubbles recovered in the second
channel. The second channel accunul ates any bubbles that either collect or
formon t i f . ion
devi ce. T% M%Eéﬁwl%efdggﬁ%ﬁg%%%géb béierg%\k/ée%?g tngBI es %}otgﬁﬁ ftg%llelt"%m@rttedl ately
rel eased fArmmd\élahhelusipommnednnenémgaptalheve ﬁablfﬂﬁeatrienmmimmfcbe Acttiolmi ch are

rel eased framthe fl ui fil tion. 0. The I nv
brovides Serrbidiseprtpad bhede i didtotiufaian Vi it
facilitat ﬁrth&ﬁarﬁ@Uﬁéa}nu@tesadu'bbE@%hﬁﬁlemﬁf £ hO Muid derd B SIBCATWVIG! N9 @
housing, said housing including a bow; a cap and a cover, the cover

havi ng5i nilée hizgt chardhebalse smwisitioned fosaseept dnbblehseecired insbel s@pndiphmna} es

A e P s P i 3
created, sidehfeahaiielicn hambldnt dF (HRAIISFWESPIR LD TDL e AUtatdh detige devi ce and
toward the vent, said channels including a fluid ‘channel that directs
fluid towkeQ@vemn aﬂbtgigsr whish apf imrpediatglyrsieaspdvifese thetitpad vpen enteringibat ed; a
fluid cha f 0 t he bow ; and a
fluid cha%g%u %Eﬁ’m ia};lcgc §Ch y{egea%gd %%gge ?ﬁgp%%}drg)r@tﬁ 18%e of the cap. 20
In a poeferred enbodi nent, the device is designed so that the inlet and

vent fluid flqow path ¢ross-sectional areas are _controlled in_a manner such
that an opti mall \flvf: pPissent ipesngen prwfe adisioedBitration deyueshveh idpmebilow paths

separati Ofa¢ ng&gﬁﬁ@)fhé Iréﬁ{]%élsd 1e‘§fﬂ§éu9ﬂr&g,¢t){e dé\hc?&?@éﬁsn‘ii?@éf@s ng, éad! N @

preferred e I ment e un erS| top ca pi ng” surface,
sai d sl ophogsisgintadmgehawlga aapnadi a card thmuvbfhaﬂmg:imterﬁalwmdlexmadﬂ during

venting and f||t tion es as well as_between sl opi ng
Cort neg anittaces md haler by B St et Bt sebi T G et el 2 PesTy t he
surfagg z Wh'eiéay IsSidick [ RRESAM Yo ahecon@itied3d sBRES hﬁﬁﬁerstﬁattﬂlﬁd PuHBEIgarear ©

nmore efficiently renoved fromthe fluid. In a preferred enbodi ment, vent
paths wi | pregt@dymcgghqmebrfambwtmg meeepaiali bubbiestopeof 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.

20
In a preferred embodiment, the device is designed so that the inlet and vent fluid
flow path cross-sectional areas are controlled in a manner such that an optimal fluid
velocity is achieved for bubble removal and separation, thereby increasing the efficiency
of bubble removal.
25

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
filtration 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

30  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



vol une between the cap and the cover. It is understood that this vol une
w il be where air WO 02/22232 PCT/US01/28771 -7 bubbles to be purged wll
congregatwo oReeBerably for this enbodi nent, the surface zPOTAK01/28371

j uxtaposed to the vent aperture so the_bubbles are nore efficiently
removed. In a preferred enbodi nent of the present invention, the internal
surface of the 5 cover will have a vent ridge, the zenith of said vent

ri dge posibubbleet teuhsgaingilbddngraparr Pidferablyebi thiso@hbatifent, theatFhddelenith
preferred, enbodi nent, the vent is |located directly above a vent aperture

whi | e restfiustapegydiin henent aparivresqihe Rubtdesate moss ptficiantly rempvasi ty to force
gas from |o the fluid. In another preferred enbodi nent, the vent process
is automatically controlled such that mnimal fluid is lost during the
vent process. Ibapreferpedeanbddimanterftthoprespnoinveeor tineshteath] efirfice wBYtieng ai r
bubbl es froma .device intended tq filter fllg('i&o(la, saj d devi ce including an

i nl et, > oufPEY dHyVRA YL AHEEAPa 2ot A saidaigal addediastoged sl herast 8t ed t o

filtrati o%ﬁ)trhgeﬁ{@@jt processes, the method conprising providing fluid
channel s that "are swept during filtration and vent processes. Fluid
channel s are provided that facilitate the sweeping of air bubbles fromthe
surfaces of th

20 device towards a vent, where se _of the device in
either filtratibA"% ef\Pé%f?Fﬁ(ge%[’? mept, @nﬁﬁsﬁocﬁ%b%éegﬂy%‘?ﬁet%@naevi ce.
Ref er ri ng ap&tdré gurle &sa@ctﬁgdh@bem HuBpHIE ® Bhint RN RIdaERR Lyt Y E %é?:rfr(jn'iml udes

an outlet 30, an inlet 32 and a vent 34 that are fornmed fromithe housing

cover 186. thn&uithousi ng 25 cover 36 is fitted to the top cap 38 and housing
bow 42. Filter nedia 40 is contained wthin the housing bow 42. The
arrows indicate how fluid will flowin the device. Diverter 44 alters the

fluid flow pat In fricdlertphefeirad embbdinrngl shetvt Mo bdss SlautdhigicalifRonttdllddr at i on
device is filtering fluid, the majority of the fluid will pass directly

from the Siihghatapinigakfiid golgst dygng g venbpigresse depositing air bubbles in
the vicinity of the vent 34. The 30 housing cover 36 is provided with a
first channel 31 which extends about the entire or substantially entire
circunference Ghe houssitrigyentive pridfdendnghaiéfttesoningatitnwiplds drongadeviend
bubbl es to be directed .to t . 34. The top cap 38 is provided with a second
channel 1ntendeg to gﬁer ﬁjulé, sa}lde glevwedinclucrillng an ?nlet, Fo)ut et and Vgnt 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

20  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

25  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 fluid 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

30  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



33 which extends substantially the entire circunference of top cap 38 and
provi des a WD 02/22232 PCT/US01/ 28771 -8 pathway for gas frominlet fluid
to be di meaomek2snto the first channel 31 and then throughPCT®8t1/28471
Referring to Figures 3a and 3b, the houging cover 36 has its internal
surface 37 5 angled towards the vent side 35 of the housing cover 36. The
first channel 31 spirals up fromthe outlet side 39 of the housing cover

36 to the @0l 3 daEirQW ﬁﬂe%@ubaweedm&d%tb th@di %}iaﬂﬂ@il am}g &h Al so,

as shown lpn FlgureSBaan inlet flurd 1s redirected e center
of the 1@eiiddsing to the side of the housing by the di verter 44 where the
vent 34 (Figure 2b) is located for this particular design. This
configuration forces bubble-laden fluid fromthe inlet 32 (Figure 2b) to

travel towardsRcheriNem Fiddret Bh and 8b,303 ho@mg%%ﬁ SH llla{sri& ihf3ghat E@$Res 39€Ct i onal
area, the fluid velocity can be regul ated such that buoyant forces and

r esi dehce angledrioverds thp vemtisided 5 efrthehéysyigeqoveiifo bl e fingheheanel 3tpiralsuipd t hen
t | s down t he de, f 5 ¢h b ill h
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cut out 5admalﬁgﬁgh§bﬁﬂm_ls split off Mbst of the fluid travels down the

side fluid channel 46 created with two ribs 49' found on the inside of the
bow 20 42 (Figure 2b) to sweep the housing bow bottom 25 (Figure 6b) to

prevent St?‘gnag,fl sd hé’é}ﬂa é‘§a%{&f’3r %ﬂﬁ %f?stﬂe&?ec?%d ﬁg@ tﬁé‘%éﬂg | @3he The

ot her portion ey |d en hanne to sweep
out gas phokghstoxhesidd of tim honsiﬁgsydl& dzf/ertdfnemvﬂmecﬁms Vet 34 [Higire eb)’zlb) By

Pousi ng bR AoR e giiF ey los 4ty [Big BaEHIAHIE RS PO e 6 TORee)
beneat N ¢ Bt PAFAR. 39 b El 195 R1sBh) vaAnds EHchas knglaye,Bhe ihs, aaposi t e

si de throug i's generated channel s and 54. Figure 5
i |1 ustrat eectiohal arwpﬂieaﬁhgé velobihp catbqegilnicd vech thasthwyanidiostea pokresidenw t he

top cap seal ridge. 5 e i t fl to swe the bot.t gm of
bowl 42 ( ERGUFE BB} 789 o dbeieHa bhtarePud: B THa hSTHRR s g 40D

Fi gur gs G@hﬁﬂl@@p illustrate the flow of |IC|UId as shown by the arrows. The
i nl et

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

20 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

25 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 bowl 42 (Figure 2b) and
30  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 channel 46 created by ribs 49 (Figure 5) and sweeps the



fluid is directed down the side channel 46 created by ribs 49 (Figure 5)
and sweeps the WO 02/ 22232 PCT/US01/ 28771 -9 vol une between the bottom of
the filtavonpe2a 40 (Figure 2b) and the bottominner surperv@saishoM 42.
The fluid is also directed through chanpels 53 and 54 (Figure 4b) to sweep
the underside of the top cap 38. 5 Figure 7 illustrates the fluid flow as
it is directed about the underside 57 of the top cap 38 (Figure 2b)

t hrough S%Bﬁlﬁfe%mechegétt&ﬁ'ogﬂ{e%lgeﬁ}neﬁﬁ Pﬁ%hﬁé Q?féﬂ?ﬂhébﬁb?&?ﬁﬁerel i mnate

gas bubbles. Figure 8 illustrates e converg ow pat 0 access point
48 di r ect ismfacgiof ba @1 bmblﬁheﬂutdhs olsg Idlrs@ect)thdomgha:hamhelg% andhfb(Rigure dd) tout 51
and above the tthoﬁaga %t ure into the volune between the top cap
38 (Fi gur &%t thefRdsrRide of BER gure 2b). Figure 9 illustrates the flow
pat h being directed back above the top cap 38 at the | owest |ocation
(nadir) 58 of the volunme under the housing cover 36 (Figure 2b). This 15
ensure§ that tFeeure amﬂlﬁtﬂaﬁsﬁhﬁﬂmd@om 1‘gla:§111‘9€tb¢ba‘@@4ta]hfolngletﬂh® Ymféhsioge of

L ustP ot ol 30(0ile 35 B deBodi FARSH 23 bt o el Sailo 1

provi ded timpisyeitbubBMéer se fluid flow al ong channel 73. The restricted
flow path 71 20 allows critical surfaces to be swept during the vent
process alone. During the vent process, only a small amount of the fluid

entering the ﬂg?ﬂuge] nlll‘llfs&rla §t111 co?l%@n%g%lo?@? g{or g&{ on{tngtdlﬂ%ctY 92 whi | e

t he remai nder ocCi (S a| ne contl nue Ui fl ow
bel ow 1'0Ee bhblﬂg&‘mﬁ)%h séfil@llﬂi’ﬁh nﬂel)33 othrdulgk cﬁﬂhsttféln aﬁ@.abd;]\redget(ﬁibaﬁ BBQE][g&leZE) and
sweep the __undersi of the top cap 81. The ui tenconverestote
access poi hilnghhswoq%e%WPe@%e@wbwéS@a}aﬁ%%@ae dhg 139}’663%1?15@6@9 .can be
nore easily maintained with a small cross- sectional area. In contrast,

W th unrestricted access to the gas vent 92, the sweeping of the cartri dge
must be done ddFig'umg%lﬂlstﬂatdsttheaﬂdnm!pathb@hgsﬁnecteﬂﬂnaclbdidvgt]h@to@ce}ﬁB&aitﬂhve t han
t he vent s.or, bot and f|

at
cover 70 i Pta%(naahrf#g f,’i}\f/%’g 1efqngpr0tlphplés'[u?gg f&%ﬂﬁ OUS' ”9

Bot h ijgne ren§iﬂésftﬁ£>c€tﬁe ﬁ@ulariéjfo}c?mg 'tlih%%s BabBIenabal Q@Smﬂ@ﬂaide f dgof éapf 98
facilitate gas flow to gas ven shown Tn Figure 11, the under

surface 94Fighret2pp txelpmgdl 31s(Figwse2o)ed wi t h gas channel 83 which converges to
access

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

20  allows critical surfaces to be swept during the vent process alone. During the vent
process, only 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

25  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 slope

30 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



point 84 which is in fluid conmunication with channel 73 (Figure 10). Top
cap 81 also is provided with outlet 85 which is in fluid comrunication

wi t h out Ive® 07%26Fi gure 10). The WD 02/ 22232 PCT/ US01/ 287 7eCT/AUS@M/280p cap of
Figure 11 is bonded to housing cover 88,to block area 86 thereby to reduce
the hold-up volune and create the quig flow paths of the filtration
apparatus. The present invention also provides a nethod for operating the

liquid fikdd@bl@igrd €Y iChordbd tdhchsinB\ee M 88NoiblbcRYELLEBhERby d 4&1&&:‘ #g and
di spensi ng ‘process fluids. In a typical application (also called single
st age t echoldhyggyolyme iahd eregtedhe flindstcat pathis clfthe fitatmerapparatisspense nmechani sm
(e.g. diaphragm punp, air pressurized canister, etc) and an outlet nozzle
that directs the fluid onto a substrate such as a sem conductor wafer or

optical disc. ThepfRBmMAveaiionfhlsePrdvidesiaihéBed forﬁ)ﬁéﬁﬁng tRaiRiPsRegoh ! Ui d is
pushed into the filter and 10 fl ushed out both the vent and the outl et

ports 6nt dpvieaefthisinventivnie ayateenioaiiierimmand dispsnsing argcepufiiiie sln a typical

Unfortunately, ..the fl ui en ut_ .t vent ~and out | nt.ai ns_many

bubbl es. - o e g Rl s AR Eh B A s Bl GERR S T Y 11 a
coat ed suldBpérakenechidrdf(eediaplirhgns patipbhie plteasieizedl batisted, stchamd @ butledi r ect ed
to waste and not re-used, and this practice can , consune a significant

amount of 1pFake that diresseths fluid prig asubstiple sugh ana pepaicorductiyovater of Spiamd dB00 per

liter) a”%%{krﬂwé %&p% 8 ftePX nBRE Gn&hilob G 81d ¥ S%Eﬁefé iﬂgatthgﬁltg%*a' es is
inmportant. Typrcal filtration JeVices are not optim zed to renbve bubbl es.
The prief eflugicbd ompbothtthe nerd ané teatutlonpdris unaheach fhiud btkeam csesing dvevikibld er Wit h

the fluid jnlet at_the botto 20, and the vent at the top. Althouygh this
effici ent F‘V%@Pﬂﬁ%é@&%‘@é%a@e Brstrersy B fioule EOnEiAA MABY DEHEs e
i ntroducedyd Rrowen 1%]15‘\‘7‘&11 ‘tllgﬁlg g%‘tlaﬁelgs'i?m%@é@‘ ﬁibéfé%{sod}ﬂoﬂiﬂ% BHed 's?’i"sttfﬁ{g. g[iﬂ%refore,

menbr ane. Purgi ng these romthe upstream side o evi ce takes
consi der alhiebubbielaed finabisaesrhilly directed tadasteiand nobighisedésind dinis bectibsombed by

the nmenbrane, resul.l.ing in de-wet ot in horter f,i lifetinme
bna bubbl eommsaenissR apdurta R s BRbSs TR Al oS RS beh{ M o | T
M Cr ok 0C §$6,0000CA% &) nd Rniakiih®Maste by idRe BEHPRSIM ellihliﬁatirﬂcﬁiﬂub@l'és ket ween

themto allow for many process benefits, The designs of these systens al so
al | ow f or mp@@tangul ati on of bubbl e-1aden fluid to nmininize the anmount of
fluid that is

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
20  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 upstream side of the device takes
considerable time and wastes fluid. In addition, bubbles can be absorbed by the
membrane, resulting in de-wet spots causing shorter filter lifetime and bubble induced

25  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

30  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 filter 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



30 wasted during start-up of a newfilter. During start-up of a dry filter,
fluid is pushed through the filter to the downstream si de, where the

bubbl e- | ad@n2/£3262 d (from gas renoved fromthe pores of theTARIIEBI71
menbrane) is cycled back to the inlet of the punp. This fluid is then
brought back to the upstreamside of the filter. Since the nenbrane WO

02/ 22232 PCT/ US01/ 28771 -11 pores are now filled with the process fl uid,

the menbr E&%s %u%rﬁm”ﬁ[l@d &hthesd Isrx@esé laytd, ﬂfetmerﬁ%ﬁé etaﬁﬁlxreee‘ffeeﬁ&é g)e) n&ar rier to
bubbl e passage. In the prior art Inpaét LHVD filter, | aden

fluidis dompbteésdeﬁfcnttvh)abmblttorbillbbletph%ag@ | Ingthe pﬁmtﬂrt hﬂpmbﬂmﬁherg ilwe by
buoyant f s t.0 e filter t where t rem)ve ei.t er by an
aut onat i c ﬁladg %lé‘ﬁiflts\ﬂérfe‘éte‘ilfq téagf’%%}n%ﬁl fgz@l{vgjﬁ ?ﬂaﬁi? neans
(manual | Ybﬁ&}taﬂﬁf&é%s\’cg e {{Rdr%Rent wihdrk BRiyIe {céﬂh&vea%nﬁerr@f@ Rtdrh&icantanget hod

for renoving bubbles fromthe filter and conserving waste is still
gener af ed(sohsvarsiziggerediviegt yalv) @5 By R snansel moermis remzeeallyra@ma@ﬂlvenb\fal‘td)es e

ot just AR ol e B B N P QB R e G0 ot

rise qui clbnsetvin dgmﬂm Wastp PG iSgenérateddss the krentmgtprocfbs@fs dopepfitized. Fevard the
vent is reEU|re to renove the bubbles (effectively, the bubbles are

carried aP tb@swsﬁems bukhleventing asgot optimiged; asitshventing pEqegss teleases et Wsbbl es
to be fe es d&p% BE'BB sfaJaHA & hﬁ&ﬁ%tﬂ@fhﬁfc%%ﬁbﬁl@s &&‘ﬁoﬁ{se@glf&gﬁ‘f{?@n‘; venting

W|ththe |Itra|on eV|ce hi'sInvention can | gorithm
to autlorrapro@aisl Huidgnite btidhef the flnidigwaid the vestris rdgiradtd rewent thegbubbles

Speci fi cal | . smart _venting will |imt the nunber times that the filter
under goes (eﬁ%ﬁ?lyé}}e ﬂ)&bblamre.%mewa{qng|biyr¥h? ﬁ%‘ﬂé“&ﬂﬁhn{n @ﬂltﬂnuitha SPRYET i s | ost

duri ng. eaghy yBles Bk forpdeR! iRlote il RS BEE HPMLEHer | g start-up and

during operations as ST systemduring filter
start-up, the filter is vented every flfth cycle to renmove entrapped
bubbl es. Typical t he ve ens f.or. m.liseconds, and

appr oxi mat el y %@lbﬁ? Vfgﬁngnwﬁéﬁlqa]ﬂ %% auPPLﬁlFﬁlcf’g glé%’fw‘? ORLER B Byr i ng a
typi cagk Sra%‘bhtﬂﬁﬁ) to ﬁﬂém@ﬁ&@l?'&@hﬁrélqm Pehiie QF &i%tSrs (tiBart VdriiRE"C @i‘)e&ﬁcé[lﬁm ed
nore than Z00 tines. Therefore process wastes between approxi mately

10 milli| smergentns Bl hinitithe iumbes oftinfes that theafiltes indseensrai vegt pxsierand it
operation L.ter d, e Y, cle resulting in between 50
élltl E‘P}l{ the élflﬁ%’[v fﬁgé A 6% duHX% Ie%% \?e%fa cycl

and 150 m per eac

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

20 (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,

25  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,

30  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.



(B) I'n non-TST applications, venting is usually a manual process and is at
the discretion and conveni ence of the operator. During start-up, venting
is nore fwequzs2 but the nanual aspect of venting resul PETURVIRSTTIEEN 50
to 100 mlliliters of fluid |oss. Also,,,30 since there is typically no
recirculation of the 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 lost each tinme. WO 02/22232 PCT/US01/ 28771 -12 Wth
the liquid fil Wi thediquial/filtretiof devindesofithng amtenting, ssrapirtentiemisiprggrammable

pr ogr anmabl and gutomat.ed. On a single stage syst is.could be
ool | SR een S InELP Rgs Frlhn RS e AL OUBIREE of i s

i nvent i on«infdegchtt inghitoll WRARE do¥icd offeHié in9batidS FheRASShVBIERET®E, but it can
be made to do smart venting by adding a mcroprocessor and several fluid

connect i opxnifeldgs a passiverdsivibey bt jicean bearasle to do gmed veptinglhy adsingach a system
is showmn |in Figure 12 .1n this . figur the mani fol d.with th ilter device
of this i HRbRYSerA Dol g cbHiond (s, Bnb B} B B dihiidion g
sol enoi d beqichaWyatkmas sl Fdure The I fighd, the hinniOR! wiel teailel delics
invention iis.also in 10 comrunication with a punp 89. Tee connection 76 is
posi t i one@f s Fention 76 uirals threopegation of seleapidivert Yahyeo (AyHdrselanpil at i on

val ve 74 : S : A - th strate 84.
Tee 80 isp%ggllg% ?%&%gﬁt“gg‘t"hmgmgi@‘g%%&ﬁ mg gl e%ﬁ?%%{nf’@?sﬁl%én%gh# Sgaélgdg during

nor malo opesmmiuaitation vithr pralp/&d. Tée ehrarctidre7d 1syoditioned ecthatciilidcadbé o t he
mani fold and fjlter . device 70Q.. At start-up of g}newfilter, {(%circlation

val ve 74 GHeriet OfeRAECRICIeBERRRtPE plyoL k! crghrangh decienerdriyciRagk VoliPve 72 is
opened. Fiuind siisstdaesy. SFéMSO'iE‘h@siﬁ&ﬁd%ﬂi tfoﬁ%c et Fuld frbmtdied sctlﬁ’&b;%?@m‘ﬂ{g the

filtration device. After the housing is full, flurd can then
r eci r cul atemhal apematien dribmyalmei Mevhaarthe faldvie reccilated|to Sednambld end fited at i on

valve 74 i,s.0 t hat vent ss can.he mningzed. At selected tjines
ar | ng 1 elPHEL O ACHERaPabatep R ToRr it bn eV er P ARG S P og)
the regirggibtdioNed Wl Vent AAlveS72Gk 6581—d amthid Reh¥efint UAd HR niahifold #OqPRRNed to
renove gas fromthe manifold and filter 70. After the filter has been

primed, beusing gizhe §ltmtiondavigndAdiar the hpesing isdplined sen theabeteaiiculagesh be
deposi t edaﬁﬁglﬁﬁgﬁwvgﬁiﬁi&t Valjvgl 7??35%%3%3%83 recEIQSIaﬂgrrfpﬁ(/e % isc%%ln%‘g tlpa%t\fen en

venting cou eng ned DYy ‘UsI
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
20  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
25  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.

30 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

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



the device of this invention. Since bubbles are preferentially trapped and
coalesce at the 25 top of the filtration device, they are not in contact
with or peeszpp3the filter menbrane. As such, they wi |l npCTAUSIIMSAR- Wet
spots (i.e., causing shorter filter lifgtime or introducing bubble induced
substrate defects). Therefore, the time between vent processes can be

i ncreased. 30 Also, the vent valve opening (tine and geonetry) can be

m ni m zed er@érvéleé%téh)éhtly e sﬁsmnﬁeqhté@vmldoamowﬁ tof_%a%é‘%ﬂrb{ug?ﬂﬁfﬁlé fotal | ow
for bubble-laden fluid to flow through the valve. wever, since the

bubbl es walléwingdlued toepassit Bhik apyjé be badsimhpdshedby el(lwr sditing 8 shdrowent opérsugsi t y)

fl i | f h h the WO
02/ 55235 B RserBg e vehEvadt 10tz 3B oppE NG Fen HOLRGRI PP
interval wasdtRedh hﬁmnﬁmhgm RRERgOTRIEHN Mot hﬁfe@aﬁ visBbdiQWiIgs, bh@bknt 0 pass.

This could be acconplished by elther setting a short vent opening tine or
cont r of | i Wguidwainyaine fblaqlh@s thsoyghrihervord. i ts open orifice area. Both woul d be
effective in mnimzing the opening of the valve for different viscosity
fluids, and both 5 would minimze fluid |oss through the vent. The

aut omati c oper aht aittorRitib oferafiort Methotl Y €1 invBntiarcab®c futlidiempioved oyed by
i ncorporation of the follow ng features: (A) Install a nenbrane contactor

type of d%ﬁ@é@thlwftﬂflfef0§9§’ﬁtgrﬁeamﬁss 10 degasser can be installed on the
filter's vent 0(' ge hﬂtﬁpamgﬂlb?anﬁ'cgﬂd %o?é@g%fﬁ%(%tsﬁﬂnfhta g&gmberhlsupst ream of
C system it

the filter; n atw stage te I's positioned on the
upst r eam déglnse:nfcam bmmtaﬂﬂpd oh e filtentzstenelim. oklsd,loa d dimgde siagel systent,dteandiel at e

the fluid during ﬁ ﬁ f“ﬁi) Such a de i remove. bubpl es, an prevent
m cr obubbPRSHGIRE NS ALGH pRbeR 2 1YY 5tags ?eg@*quf&}ﬂd“ Shosdioned AR 15| so has
the advantagraaf sl dcht fahb Yo ldoWnBadanDOr 18 Thi Nekaks ralch g MR during

operation.” Ot her degassing neans (e.g., sparging, heating, vacuum etc.)
can be useidrt-up)t St¢ios éegmnsremsmbmlgblepsemdlmevent mm@m'bbbtﬁoan@thmwébomo t he

Pnotall asotmedh ABRGABRRE PR~ T Tt s P Ehoaly RERRNRERB ! ¢ ne

filtens | H88hd nélnal BpéaGord RO dodskial nfannQss. ssptafg@ng lhlsaﬁ@t vaudekicoe to a
two stage technol ogy 20 system Venting then can be enabl ed onl y when the

bubbl e detatboused chidkosg maahs piadyresult in undesirable changes to the process fluid (

e.g., viscosity change due to solvent evaporation).
(B) Install a 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
20  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 fl uid.
WO 02/ 2228Q@ op22p52)S01/ 28771 -14- CLAIMS 1. A liquid filtreCToRodsyiice with
internal flow paths that facilitate the purging of air bubbles therefrom
t he device conprising: a housing, said %ou5|ng including a bow; a cap,
and a cover, the cover having internal and external surfaces and

char act ericgegdp®Py 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 smeeping bubbl es

out of the deV| ce and..to d.the vent hann n a fluid
channel that dilfect i‘i‘ﬂ&@ﬁt{a&w&r‘iﬁﬂ%éi{“hdaéffi%ﬁ"%{fpaﬁﬁghﬂgﬁféf taﬁ@iuéguigne
vent is lpgiabgbbledthbrcfiosh, AR dofiptisfisl ects fluid to smeep t he bottom of
the bow ; and a fluid channel that directs fluid to sweep the undersurface

of the cap. 2. @hessiagpiddoysinglizglvding f urther conprising vent paths that
converge. 3. The devyi g8 of claim 2, whereby the underside of said top cap
has a sl opi ng surf &¢ 8 'sai d sl oping surface having a nadir and zenith. 4.
The device of clai magap,saild surface zenith being juxtaposed to said vent
aperture. 5. The device of claim2, wherein, said vent path convergence
bei ng j uxtaposed t & PHE: WagPYerdrvinganigalaliamd prernplenriaers and shataeierizd cover .

6. The d
. e device ?&eﬁéﬁrgtg?% tfice)]%e : (%Pé\?o eu%sgﬂ d Iﬁg'ct o&féﬁ.]gmf{?é}l\f%lg&?@gsa?f&{]

j uxt aposed to weén e cap an cover. 7. The
devi ce of cl ai oo&r asdbowbarefcambineddn sudheai mgzmeuﬂiaaﬂaﬁleﬂamﬁthﬁledreamDver ged
vent flow pat hSuch 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, whereby the underside of said top cap has a sloping

surface, said sloping surface having a nadir and zenith.

4. The device of claim 3, said surface zenith being juxtaposed to said vent
aperture.
5. The device of claim 2, wherein, said vent path convergence being

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

6. The device of claim 4, wherein, said vent path convergence being
juxtaposed to the nadir of the volume between the cap and the cover.

7. The device of claim 3, 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.

10. A method of removing air bubbles from a device intended to filter fluid,



8. The device of claim7, wherein, said vent flow path convergence

j uxt aposed to the nadir of the volune between the cap and the cover. 9. The
devi ce ofwa@bzamsd, wherein the internal surface of the corer/udeiismas a

vent ridge. 10. A nmethod of renoving aif. bubbles froma device intended to
filter fluid, WO 02/22232 PCT/US0L/ 38777 -15 said device inol udi ng an
inlet, outlet and vent and said device characterized by being subjected to

both a fi |%,1@rd'e Be E&ﬁlﬁ%‘ﬁ?ﬁet%ﬁﬂfe&ﬁﬂi&%ﬁféﬁ sa§&1€nsivrﬂ?eté?ﬁgac%ﬁ9ﬂb $b&d

provi di ng contain oW n urd during the ve%tl ng
process, sabjdcted:tmdmhlehﬁltpnﬁg t:yaiﬂetmﬂamemhmgeydzlefthelrrmla:td doomatisingns i n the

devi ce; provi. fluid chan eI f the_f.iltration ocess that

faci 11t at @0ovisinE B ahirto Rl Foraip dopusivit o b LROPHEE Boos TG devi ce
toward a VRiHnels\MosHiBRYd (6sfreet ﬂﬁﬂ&%t %Mﬁ&ﬁ ih heRichtey the filtration or vent
process effects renoval of air bubb fromthe device. 11. A nethod of

removi ng &reviding Bliskchianagts ﬁ)rd]@&/ﬁlt@tlplm P@n@ﬁédhftt dadilitates thef $weegingsdiaf et hod
ther e e 0k AERSRERubEsS S RGP bt D Chg b A
nmenbr ane mm&m ot Fent pRYGedseffebisitMeval of hirblisles Rollthegevded i cr obubbl es.
11. A method of removing air bubbles from a device intended to filter fluid
said method where the vent process is controlled automatically to minimize fluid loss
during the vent process.
12. The method in claim 11 where a degassing membrane contactor is used to

further eliminate bubbles and microbubbles.



