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WD 2007/ 149273 PCT/ US2007/ 013833 -1 SYSTEM AND METHOD
FOR LI QUI D FI LTRATI ON W TH REDUCED HOLD- UP VOLUME

WEeBLWATIER7APPLI CATI ON 5 This application cl ai nsPCiaIs2007/013833

benefit of U S. Provisional Application No.

60/ 815, 375, filed on June 21, 2006, the entire
contents of which are incorporated herein by

ref erence. BACKGROUND OF THE | NVENTI ON Conventi ona
filter devices, used in fields such as the

poi nt - of - use flltratlon 10 of chem cals used in

sem conduct or manuf acturi ng,” lare of two types:

di sposabl e devices and cartridge filters. Despite
advances in the field, disposable devices typically
have excessively |large internal flow channels, which
are |arger than the equivalent inlet and outlet ports
and/or tubing and gyRirEss AEIIMETHORFOR rom t he

devi cey yhRRBEFI ATIETICIOW HEH RIEDVEED HEs-UH VOLUME

unnecessary hol d-up volunme and increases in pressure

%[.:ngnﬁ?l% %C@ﬁﬁéﬁ@l ons and contractions in the fluid

essure fluctuations caused by

expan Q“hlsr@pan@tlcemﬂtlm&cﬁlﬁ berefd o [b§u%’@vb%‘b‘lﬂ1 é@l’f igatjqpNo.
{S% e’gI7§ el $n0GhE91 fidO%e{h%%ntﬂ'eoccﬁR&ﬁs Gphhfbﬁq 230 intbipgdtated

pressure drop Is detrinental to fluid
hereinetsseeferetideat are sensitive to outgassing. The
hi gher pressure required results in nore 20 dissol ved

%{%}?& (ﬂjﬁ G?FGIFHQW gy Of outgassing. Qutgassing
es

y to efects in end use. Furthernore
the | ﬂogx&elﬁtﬁcmal fittandeliessnesed in figldsisueh as theapaipfre-use filtration

ces. for bb es I bl
ﬁh eéxélf:iils NS¢ ‘“o%eé’b‘f’&?dlx{g‘e&%“tf{cg’?‘g'g? agérr%fu ﬁ\{o %PQ? d?sgosa e
w@dzluéwameﬁlgbﬁ'ﬂtefs Iter to take a | onger anount of

- Lie][n;r é)e&g and ft:hagglc#, %r bag:a = g%ge&?ﬁitc%fﬁ% ﬁavee%&%les%wely

1§88 intkdnhl low dlhaﬂﬁdlﬂgwlﬁald autel’langet ;hancthd: hqulvﬁantsnlea pgdoutlet

fl ow channel s between th u3| the fi er.

PRI =8 RE IR Pt PRRBHERERAT] a1 BP B HEVI5FodHERd g o
CHA{eRSRahlY 1rhﬁh%cﬁﬁaiv50ﬁdlmp v‘&mﬁ? anpheseassts irhmepuiaodrop, due to
art, U S. Patent 5,62 0

@xpansinsang C@aﬁﬁ?ti%’gén fhe f?‘é}g %49%” RﬂFb %f%iss%ﬁ":tﬁe‘{?gl%‘r‘m% Sased by

nfé&gia%ohy Rh& e&ﬁtyacﬁg% &dn dalige biIblyDine flaat waers btehg filtered
housi ng; and U.S. Patent. No.

ao caee|oys oﬂwlg@m/ stves POITERIHAP GoaHRgital t R frddesses

that are sensitive to outgassing. The higher pressure required results in more
dissolved gas and a greater occurrence of outgassing. Outgassing relates directly to
defects in end use. Furthermore, the large flow channels mean that there are more
places for bubbles to become trapped or for bubble nucleation to occur. Also, a
larger amount of hold-up volume causes the filter to take a longer amount of time to
prime and flush to background particle levels before use.

Cartridge filters, by definition, are used within a housing and thus typically
have large flow channels between the housing and the filter. Thus, they suffer from
similar problems produced by unnecessary hold-up volume.

As examples of the prior art, U.S. Patent No. 5,620,599 of Hopkins et al.
discloses a cartridge filter in which a sleeve or cage occupies typically 80% of the
volume between the filter and the housing; and U.S. Patent No. 5,762,789 of de los
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-2 Reyes et al. discloses a disposable filter with | ow
dead volune, in which a sweeping flow action inproves

woOher7iugms pattern. G ven the high cost of the pCOES3®?7/013833

fluids used in fields such as sem conductor
manuf act uri ng, such as photoresists, dielectrics,
anti-reflectives and 5 optical disc nmaterials, and

the need to avoi d defects produced by bubbl es and

ot her causes, the reduction-@f-filter hold-up vol une

and reduction of flush-up time are critical. Although
there have been efforts to reduce hol d- up val u

Reyus br aipdistloses, a dikeesabledfiltarayith lowedead ol ‘g‘BP»ﬁQ ‘ﬁg@aafweepmg

ffq%%?étgogﬁnﬁqu?ﬁ&%ghggﬁ% flush-up time wthout

e pres rop across the filter. 10
SUNMWeﬁ]ﬁleT]ﬂghlchMhmdcnsmledenManS seB@F di ng
to . the inventi

t here r
SR aHEioG T o oReeG felcbirs g antRflcbes and
Jﬂtiéhﬁdlg@ﬂmaﬁamhm themdet ta aveill e ficis yrodiced; lqubtdables and other
pat hways,

t h f th
dovegh hegatvniape v ab o Sipfiecoe SRt S e are
érhf&aa dA RS thefe Have bk efbItE 10 mﬂuée hpldeippatitmeysd flush-up

e device conprises a filter nbr,a and a f|
e i opisteg Py TR G s b i tme

ﬁﬁﬁ%ﬁh&@&én@é‘ th¥ grBsshifedioblatRiss RMlkane, each cross

havi ng an equi valent fluid flow dianeter. The

sum of the e d flow di aneters of the at

PUNIAKRE QF 5@ &%T%gs not exceed the small est

eq ui v gﬂ S %rt]t)é’dlﬂleﬁ’lt] waonlﬁhg wgﬁhn@éntiohet}pkmrsqirb‘t@ed)ﬁ filter

ui d pat hwa The filter de e ri se

dggc@fﬂrélﬂppcgﬂ PPy th filige SFY‘FT é?mg{éﬁ:ﬁ%gﬁ(@@rgﬁwcg{a on thh a
dihigadtR@e ipht l‘ui’dl Wiguid pathways

e Bt S bbby ety s

bating patmaylesteqnivalent fuid Hoyliamster %ﬁhﬁé’t“HP'éty Shiiauid pathways.

ft,f:hl tdg\rncp %Y’n HEY LSHHE Ihéxﬁb?a& eidd £hlterd doté SormPALIAg at iedst one

cormu I catlon ttominsi de surface of
thas holetie muhxbw:nmﬁnmauen widithe filter, mnthlim ERCgFpsS ole having

Pgnnggl%ggﬂ %rﬂo‘%p WG L aS S{ﬁesﬁﬁﬂ go s o ﬁf@len’f‘hhﬁ“ﬂmﬂlameters of

I Mum near es I nsi de surface
e atheast bhd efos:bhﬁﬂcs cwess et escardl ths s,mﬁlé@Sé egiivalenkflpid| oy

core ovel
SRR ‘?\;fgtg? BE’I' 1yieh lé‘Hf %th‘%F’z are 18 pr owmgr}gay cqmpLie
%ubﬁxecamnpbmng thd filtérmtinbrane el 4 filterhovdeimoanding the filter

corrprlsesafll in flui v f d
oL bIR4SB frme
i8R ufitiey Stn@sigre3 Q‘H&cﬁleer ibowl Imayobompnm rai veati Gad fluid ¢hannel in
the filter nenbragne. At Ieas on of [ QSS I .
id emBicHoR Wb borTaGeSY R RerdRR, ARl
fAdl heRRTHAY cBkipPiie WiviaHiable cross sectional area, which may reach a
minimum nearest the bottom inside surface of the filter bowl. An external surface of
the filter core may be grooveless.

In another embodiment according to the invention, there is provided a filter
device for liquid filtration. The filter device comprises a filter membrane in fluid
communication with an outlet port, and a filter core comprising at least one cross

hole in fluid communication with the filter membrane. At least one of the cross

. holes is located in a top surface of the filter core and in fluid communication with

the outlet port. The at least one cross holes may be configured such that the sum of
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the outlet port. The at |east one cross holes may be
configured such that the sum of WO 2007/ 149273

weCH7us2087/ 013833 -3 their equivalent fluid PCOWS2007/013833
di anet ers does not exceed the snall est equival ent

fluid flow dianeter of a plurality of |iquid pathways
that are in fluid communication with the filter

device. The filter core may conprise an internal fluid
pathway in fluid comunicatBon with the outlet port,
and the internal fluid pathway nmay have an 5

equivalent fluid flow dianeter that does not excg el
t]mmédmsalemcﬂmd @lo@ndnametﬂrﬁ degsowg' cuisesdhepmaless squivalent fluid

‘”a" Bbxﬁiﬁdnw&t ith
it DR AL hition v

tmﬁlt&edaﬁcea mmﬁlwncerccm@s SORpEIsE mmte@ahﬂ%@é?athww lal fluid
further h
cmmg?tm \Hgﬂ gF Cfl%t gﬁ daﬂdlst(l:lg ﬁrﬁ}fﬁh\Q?ﬂ c&glggg}ﬁﬁair fhve an

I ses
dafpialdng fldid Dowcidmeter ﬂiaedéesl riod exmdlwalbsmulwnt fluid flow

| evat ed t il t
amaienot vpFRBY o b o rlyd o TR Ay e

deH R, AHeShfet fhidpathvas agsviryofad virtubld irbsssectiendl dgmeter.
joining the filter. membyane to t

t
el evaleifurthgpephediment. herer REVE ; o‘%&gﬁ%&% ﬂ??‘ﬁhfgcmnng a

! f 608k fake filer ddvéacatoenh
sl e it oy mmsgel s

5 The
dlovaserblempenatire #avhighha fillat mmmwa?%?;%w\%% cap;
Bglértuhg Wl Bl fled «.‘[Vlé@fn'tc?ﬁ cOhtr ERRP B sSFNAY STRAE fltef ddvie;

invention, as illustrated in the acconp

joirdng ﬂgasﬁlrter rogrhbiang tk thertep 6pR Acthe @P?é{ﬁféétt%mgefﬁg’r%rm@d emoving
t&xf%’ﬁ%ﬁn%g d Rakle a Qﬁ@fbg);l% t}1ats REo1dl beWﬂl% eYdvanel terhperature.

re no nece y to scal e, enpha3|s

i nst ead bei ng pl aced qun il ustratl ng enbodi nents of
BRéEBﬂE&@RIHHOéhOFGPH %\ shows the outside of

o i 980k ganbrepatticut
enbod ﬁg)g 1ng vthﬁ be daS)Xathfegx;c] ﬁ%ﬁpﬂl@ f@ﬂo fhgnére pi icular
desesiptisn of exanaple wnﬁwduﬁemh ef fhe| m@m@@wsc:@ugfatﬂ i thep

FIG 2 is a viewof th ' i
OB A i T paih AR ttindclhatdgpdefofCRU B sithe parts
maugmfut tikadiffeteneviessr dhefdrawingkiake wot ngegssadlydp seile, emphasis
iment of  FIG. . 113..Fl G
R L e R i
bot t ONF1G.6WA SHovidhe bapidagf odispdrebleniodiderice agforging to p first
FIG 5A shows a 'unitary bow, core, and bottom

@.51@‘3\‘16?3‘3 of the BVeRIRR: ce,

FIG. 1B shows a cross-sectional view of the filter device of FIG. 1A.

FIG. 2 is a view of the bowl of the filter device of the embodiment of FIGS.
1A and 1B.

FIG. 3 is a view of the filter core of the filter device of the embodiment of
FIG. 1B.

FIG. 4A is a top view of the top cap of the embodiment of FIG. 1B.

FIG. 4B is a bottom view of the top cap of the embodiment of FIG. 1B.

FIG. 5A shows a unitary bowl, core, and bottom cap for a filter device,
according to a second embodiment of the invention.

FIG. 5B shows a cross sectional view of the unitary bowl, core, and bottom
cap of the embodiment of FIG. 5A.
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30 according to a second enbodi nent of the invention.
FIG 5B shows a cross sectional view of the unitary

woaw7/14g08e, and bottom cap of the enbodi ment pot/USLB7/013833
5A. WD 2007/ 149273 PCT/ US2007/ 013833 -4 FIG 6A shows
a cross-sectional view of an assenbled filter device
using a unitary bowl, core, and bottom cap, according
to the enbodi nent of Figs. 5A and 5B. FIG 6B shows a
quartered section view of thd-assenbled filter device
of the 5 enbodinent of FIG 6A. FIG 7 is a
cross-sectional view of a filter device conprising
cor e KW I6Aashovard erbbesastional view Of 8n aﬁﬂeﬁwl%nglt@t deVF‘i? using a

accordance with t
GRG0 89, My Bk LR b by PO nd
gtmntjf acturing process in which 10 a top cap is joined
o . . .
i o o B L 8L 40 R b or e
é}lﬁiro‘&dnéﬁl &ESG?IGBII ON OF THE | NVENTI ON A descri pti on of
preferred enbodi nent.s of .the

accor B deis\a arRssssectipral vigw, 8]8? ﬁlt%? El%\flcef ﬁ°mP"ﬁ%§% geg cgre with a

JHRRbR drésdNeetbsl adwioutlkh, ifl asqesatteavith h tidrd dﬁbodlmehh@& the
achi eves a S|gn|f|cantly reduced hol d-up vol une and
ingentt@y f | ush-up tine by comparison w th previous

devi cefG. gMstGEbs-&RBOEA VIV Ylustrafihg ashaigfAdderiny gesessdn which

drop across the device. The reduced hol d VOl uma and
2 tapLreeds jainechta ihe filisp membraperand coZe B3ing arfuti&'bfé‘?

&ﬁ@l’dﬁﬁn@é with ¥ dﬁl')&ﬁﬁmeg@(yf the€iflRgfoROt have a cage or

eeve surroun ing the filter, since a 20 cage is not

necessar 0 _protect the fi housed i nside a
E@Qy i[HaN O @%Qﬁﬁhﬁﬁﬁg , a disposabl e

f ) ltemn éﬂ&\éhg o Sf Qﬂ%?erl?éaaémlg&mm@ﬁts|dif$ﬁe’iin|veﬁhcaﬂféllbeﬁnved
a unit and can be di sposed of after renoyal

t h e f i pegordanes withea first smbodiveent of the BveliaTe there 1svp\>v1]70v1ded a
gﬁgééa%?e”ﬁﬁér advie tﬁ&;]aci.i%véé Lg%hfﬁ%)ﬁl? eduzed BERMVGSvVAIGRand

stémin and di sposed of. 25
mmcgm Vﬂ\llash-?p a:mh ey corhparfsentiith previoys slevicgh twithout apprpeiably
he bow . of the c n >
e g T o R e BYicl, ThEiucta bola-ig véifme and
setduped ﬂutlhapftinhet ae ach:evledmy againbst of feahueshackpr essur e,

but nolth flllger des{c]:g es no hke)llvg %%agé 8} geet,\l Qﬂnto%&%gl?he filter, since a
cage is not necessary to protect the filter when housed inside a disposable container.
As used herein, a disposable filter device is one that can be installed and removed as
a unit and can be disposed of after removal. When the filter membrane within the
module needs replacement, the entire filter device is removed from the system in
which it is used, and disposed of.

The outer diameter of the filter is a tight fit inside the bowl of the container.
By a “tight fit,” it is intended that the fit should be tight enough to support the filter
medium against fluid backpressure, but not tight enough to block fluid flow through
any necessary channels. Although a fluid channel down the side of the bowl may be
used to communicate fluid to the bottom of the device and sweep the bottom of the
bowl, the fluid is also able to travel down the pleats of the filter. The tight fit
between the filter medium and the bowl provides the advantage of supporting the

filter medium under fluid backpressure into the bowl.
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any necessary channels. Al though a fluid channel down
the side of the bowl may be used to communicate fluid
woOaod7nest t om of the device and sweep the bot POmUSE007/013833
the 30 bowl, the fluid is also able to travel down
the pleats of the filter. The tight fit between the
filter nmedium and the bowl provides the advantage of
supporting the filter nmediumunder fluid backpressure
into the bow . WO 2007/ 149273 -PCT/ US2007/ 013833 -5
The core of the filter device has no grooves. |nstead
of using a grooved core to convey fluid fromthe
{1 1 t eberenbotie it dhcobes b SEOVEnglsed OB USRS 3igiogyed core

t<? ?ﬁr)]r\{vgegtfhgé% ﬁl%r}‘\f%eq embrafie RIHAE %Elef"@f’fﬁ@ H&vx@é dishﬁ the

Ahe are typically forned
cbﬂ‘zetmbhalaemm;e, almjsu;ipertpngabgs of t tqw,qug\araﬁg,,mhlgh are

ar.e 5,t
Rt e F s B PR e BB B b bl e st
t6 @bﬁ‘vefy&lilé ﬂnestoa:rassrhm inrtherbexe, whmhrlo@dsmndhe@ tq thgoutlet.

exanp one or_. two crass hol e

The. TP @er o feahiot § roREa) quraer BF oPRCHEK, (foh blhnigi Bne or

Ao dr§@3Hol&aN & Esrey fhad Eroai therfiliee aerhbrend tpths wutleiod th¢ device,

the filter core to assist .in tin hro

anid) at dgashenasrarihalei Pt AlgPeRF iR 1Rg St G t%r b0t in

%&5 g%HQHHu)éh e AREVAKINBEnk|dutidgipRiniing of tid mavum, anche
conparlson Wit h conv nt i onal vi ces I hat .

bsequently gE¢OI}YGM1§’§r g te fhocautieh P e dg¥igen Ve rparisgl with
QlvEntidtal ﬁéw?@satﬁa{ e 'J l@fg& Hﬁfn%@ﬁoﬂfroésh&)léd |ah& ha@@ﬂicﬁcmss hole

such a use of cross hol es decreases the

dtairchearpthy torustafaga @f theBlergore.ispeh 2 pse a%“dPF% ‘69435 i’??éeatig%the
efv1%ehelmg$1%5i{p ONEmE B SusHUpRiAE. B adiB86n, ithude0dT a8 Waﬁﬁ@t&: Cross

er core prevents air trapping at thet% fih
héie af br fidanitht tohamtface ofihe dHter goreweventy zgmrﬁp@ggtatt e t0p of the

lLem.in Vi ou Y
@H hambe Eirv@1 ﬁ%?crhé%gt‘ii?nﬁkﬁm g{%etlénlélél%s%l‘j%?e Fow
pat hs Taé filieheorkifldve chaimelscae awtehedito ghe inley apg gyflet flow paths of

gal tﬁ?%{ﬂggp o nch&%o &eﬁcka Ile%ﬂan ﬁ'x lé’&és@i’i’be& Ruirther below. In

e eqw ' dianeters of the
Béﬁi%ﬁlah ahe surhnf e quivaemnaliabeterserfitht cross hales in the core may be

equi val ent di ameter of
L S50 e Bl A o B
deMinfididakioh vANRMR! fater deGice ¢ivr ¢atreple, me&quivelem;ﬂlam@er of the

outl et flow path),  as de crlwged further below. A small
fortlor few pathy, %é’éﬁc °Yot t om cap and the bow

of they Eﬁlhh%w &wl@ﬁsedl | BetREiEthe bottainl cay andakpbong! aff the filter
t he bottom of bow vvhlle i nt

ai.ni mal | .a .
doiiceuip codenallg SEBINA o hepouom St oy i Pinidiping as
a'uni 34s JJhﬁhe tab o?m%n‘: | g drakdnlb@ow @a@e’ 2 Aointnded that the

ﬂovx(r) \Ilavativl\faelarge enough toeallboowvwsweek;)lfxtlg QP tﬂae% lablﬂ o?so farge as to
undesirably increase hold-up volume. For example, the flow path under the bottom
cap may eliminate as much as 2 cc or more of hold-up volume by comparison with
prior devices. The sweeping of the bottom of the bowl assists in the removal of
bubbles from the fluid and in the elimination of dead volume in the fluid flow path.
Such a flow path beneath the bottom cap may be matched to the inlet and outlet flow
paths according to the flow balancing principle described further below.
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prior devices. The sweeping of the bottom of the bow
assists in the renoval of bubbles fromthe fluid and

in the elimnation of dead volune in the fluid fl ow
path. 30 Such a flow path beneath the bottom cap may

be matched to the inlet and-@xlet flow paths

according to the flow bal ancing principle described
further bel ow. WO 2007/ 149273 PCT/ US2007/ 013833 -6 As
descrAbdescibed fathepbtlow, theiflter’s tO@rcaﬁ m%ypbeo@pmslég? thgdevice
O%({)]%g?%,?ght huese{i C¥ichifi gﬁ%{n % PfeQ/(é lak’t?c?x%s@ltmg from the

0 prev astlc resulting from
Wélamgwpbtdimggor qhdrtjpimgng procetshieom Jlmerfcngg pithcdhe flujd Beyv path.

@?t e{;{ﬁﬁ{ eé%%plégo%)évggfgls Exgagrdlgelt S\gflggté%b\?lev t‘?ﬂé‘[ﬁo eﬁg)lfsﬁges

pl ast {ging Feddaied gudlest the abose) alfiraserhbalimeovascoudifg tosthe
enbodi nent. accor.di n

to the . inv i I
igueRtiRREis églr‘?c}P &C‘HBV‘?/% PalfsuR Folumieo etﬂﬁszfn Ha‘b 0 uq%l? 3 g Iérﬁ%here
l%%%s dBYiByd W68 1618 Kinkils deneskt had & heldvip soluoemifenerettbah 40 ml,
hol d- up. vol une of nore than

t.h
PRSP Bt R DEPE R UTo% e B et [ Loogh tospecific
{q@hﬂe? ?llrx]’cﬁh% hgte%erstgﬁéﬁ ﬁdeﬁmgiﬂ%&gdeﬁfz %bmml 3 cRamplee ohBRen as
i v s _ex
shows Fiiel & @b@‘f"%@%&f‘ﬂ%dﬁj PED 6&?3& %‘t)éé Hlﬁﬁ’g?fﬁ?egﬁger device
H)]d Iic.eé'orcﬂﬁg k& & ﬁrsl leb%g RES JTGhd Qwéntfxérf Ssthefigdictinéludes a

e I nvention. ter device includes a head
Bezclt seotion 0Q1 1mWh;hh@hB locater ¢ baestthire Rastssi02; FBenddPts

10§1d1 103 1309 ané‘[ibgﬁﬁ]&ll%g' A QOcﬂtrllogt wﬁ% ar@th AWl et

a vent which are in flurd conmmunication
vorhmunitation veth the inttriohef the filter dendes £@0; 20d 2 bavd 185powl

105. F h
filte ﬁﬁe\\/& 580‘?{6% SpSR sl ‘e%‘%gifrt%’g @%ﬁ&‘ﬁé\é %%Bgﬁlg 1A.
Portk 02 dnd @Wml if dluid domixrtunidakion Wnthethue amteriér offthe filter device

R 00 i 5 copfybel e o PRI oy A hFapdOf, { bR

Ty Ansr rih&&bra@e d 08, ¥ £cdr@I09A AL cmsshdsielléo 1SLfbrmsd at or near

formed at or near sur f ac t or

th wpeyEface of the ﬁeretl&g %ﬁﬁ%&%"f Afe RnerGed i i & I venting

%Q‘ tBtJugh IEOHAG thERbiank deFinERRRiAE O f ther ddﬂrg:ep rAsthe glev;i‘ce is first
he device. As the device 1s first fjl

ng wwth fluid
il b ARHRR GG 2fabs B8 s SF daegs s a0lch g i have
(3801?9 krdig Sle a? WE e the RPSsURALE oftheQord) @fdy frdieait apar the top of
surrace O core, may trap air near thetOpO
¢he te‘eBﬁmeQVldm&\‘{:fO%Sr lpde 11484 1@"1%’@1' sHeiha PERoLerg fuping pnmmg is
%{nﬁ@ a?é&‘ 96‘{Ha'9 91r 4 Bl gé% s iy ﬁé/vak&ﬂshr&igﬂ didtlet 202 davifl

e ven through outlet 102 duri n%
priming. Once the devxce is filled, the cross ole 110 is used to convey Tluid that has

been filtered by the membrane 108 to the outlet 102. As used herein, “cross hole”
refers to a flow passage extending across a diameter (or another chord or section) of
the filter core, and being open on both of its ends to fluid flow into the core. The
sum of the equivalent diameters of the cross hole 110 and any other cross holes in
the core may be matched to the liquid flow paths that are in fluid communication
with the device, in accordance with the flow balancing principle described further
below. A small volume 111 between the bottom cap 107 and the bowl 105 allows
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25 primng. Once the device is filled, the cross hole
110 is used to convey fluid that has been filtered by

wohar7maehs ane 108 to the outlet 102. As used heCEius2007/013833

"cross hole" refers to a fl ow passage extendi ng
across a diameter (or another chord or section) of

the filter core, and being open on both of its ends to
fluid flowinto the core. The sum of the equival ent

di aneters of the cross hol e-T+X0 and any ot her cross
holes in 30 the core may be matched to the liquid flow

paths that are in fluid communication wth
ftiad tesweaprtha boteainidhe bpwhl§hellq Howpariaie ?&} volume 111 may

agroI Sk %neeﬁgg)%?er A0, didt thhas mali?ﬁ{ea% tlﬁ: fioR (#atﬁé% ﬁ(ﬁede]vlck in

bot om cap 107 and the bow all ows WO

2RO AAAIRB tlEKI[b\hdi‘ﬁ@ﬁﬁlEmmmaﬂc describagl furthsr delosyp Theetilter
bot the bow , 1 T
AL o045 B P Ay e e

chlmckottﬁaﬁthe fﬂlbﬁmeﬂﬂﬂrﬂls suppartesl eieler lajd backpressure into the
accordance with the flo ncin hhbe
Byl R 388 Y\sleeYR SUrPyn tﬁ’e hgﬁ;omgﬁluﬁgygg ’Hlee%)g%ﬁﬁ lb@ Shre
e 8bREmMBRAPI0A A Bl lf(15r1ﬂ5y Be fricdddd cfompdhtﬁtsv\and‘lmlah be
filter 5 bow 10$'5 so .that the

i.lter
formpd 0B exammler of high g fefmbéeé%x}%e TRE bt Rekdon 101 may be a
&%ﬂﬁx@h&:aﬂ EM8vigbthetfiler ddhecek ubédin avsidiilarcdiiBxt, filwh as the
cap 106, core 109, botto and bowl 105

ap. 107
IMDAGA ®rg heads solthby FRIFEES, [P r‘ri@ﬂpﬁ rmed, for
exa”PFPG Pis Mu, SaRS bl p@s uﬁﬂ;axehmlmérﬁtebfmas 1A and 1B.

section 101 be a standard_head use
Althoegh tediitsssnamtaane MBOLKIH- 1 B o the Soyp 105, =

%ﬂ%al'l ['Q_{F’@Céiéﬁﬁld?chgﬁﬁéi 2189 Gkeldto EBRRSY f1sid tb A b&foanﬁmk Dowl

a view of the bow 05 of the enbodi nent
005. FTBSfluidictandel 33 8 haslatvatiable corofs seriiere Whidhisrlager 1 the top

gﬂ,mFlbowé %%Scaflﬁqe% g)v%E S a{ Lrhal c@ogs@%c@&'}"ﬂt thOBottdn of the bowl

rti anne 8 I'sS used to convey.
f1 b$li Whé Buidendnatt 218 ainhheicitesluidiEshe Ppgom|ofithe dévice and

18 h apl
Al ge e G 1 Ruefiy i EsRB o he BT s e MR e removal of
bavBled fom hIedhli® and froths ehﬁnnatmm @&dea&l eohxmet iorthofluiddow path.
bowl 105, T |
s bl S0 R S48 ST ARy e
$A0EIR dlte!a&rhﬂ%ttgg}aem }ms: m?ﬂmdg@sgd wlmmdsesa'ssst treeels dowhghe
renova u es, rom e l
e bA Eather U PRI SHRES A Ppaiamqf the bovd 105,
RRcad i@ xith end dHanfelch3indlswddSs idder thecbaiian sgel 0’b nBé¢cause the

area that decreases as the flujd 20 %ravel 1 gege in
ifhiid hasweaplss a WEXIMYIA §P§9d At dhss i© S fyeeping

LnYele b‘aﬂ% (Qé‘) (f7I ¥ inthr€ BEBAR)E. E&ﬁt}ﬁﬂﬂofeﬁa&ﬂﬁsﬂlﬂd travels down

max! nmum f at the bottom of the

vthe claningl m morpw@tlaqwﬁwdaasszi ghrgngh E*Wé@ﬁ%‘ é?’g fus, less
oL QUG 124 arRERALE Fest BB1d-up volume, is needed further down the

channel 218, because there is progressively less fluid..

In addition to traveling through the fluid channel 218, the fluid is also able to
travel down the pleats of the filter membrane 108.

FIG. 3 is a view of the filter core 109 of the embodiment of FIG. 1B. The
cross hole 310 is in fluid communication with an internal core volume 313 formed in

the top surface of the core, which in turn is in fluid communication with the outlet
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fluid has reached a maxi mum speed at the bottom of the
bow 105, its sweeping under the bottomcap 107 is

wono@/iaéfiecti ve. Furthernore, as the fluid trarerasdmmo3sss

25 the channel 218, nore of the fluid passes through

t he menbrane 108. Thus, |ess cross sectional area,

and hence | ess hol d-up volune, is needed further down
the channel 218, because there is progressively |ess
fluid.. In addition to travel8ng through the fluid
channel 218, the fluid is also able to travel down

the pleats of the filter nenbrane 108. 30 FIG .3 is
pAre VO DEFICH &BY, sotthat the £rosg boled¥l Oraseisis b yemting-during Rfrf@“g of

i10€ a4 fihtl bEGATIYRIG A B "The internal
'\}h"’gﬁwﬁe angtsélfgs:le%lug&!of eoVor %ﬁgicgto th gr med %{F t he }t) op ¢ Interna
&oié valumedd 13 m@rcferaé»,ly vdntzly ilocated; hut may glspo|bgjlgcated at other

copmuni.cat i th th I 4
FeT oo Bllesstec el by 3y ol conbiRAGdy Sadihn quit 102, As
Edn5eSsebBR b§ ticl émasthinsdsoficorey %t inrk Gd Ay thegxprnati snga@ef of the core
the device, and s uent | conve
108 hasinojgrooyes, G‘St"f% engon heSPREY “%%“be‘ﬂfsv‘c’)’it e i m%i membrane
R?ﬁt:{ﬁ[)aﬁ’ leyﬁ%ﬁ{d akdhy ah@ ?lilzet 1§1féatls ba therdYHYerahaﬁurheto lcomedyettie fluid
ot her ositions in e filter C

ol the @rass Wsini i cgg Whieh ibmdgadehe T tg ‘E%ﬂ“%eé port 102
gq the snoot hness of core 109 in FIG 3, the

ternal surface of the core 109 has no géooves

i nst eH¥Gr &hys atPRVeHRE theMpiap 1eRidhs cpbodiment pfFiG: 1B. The
@"{%ﬁaﬂbﬁ is tﬁﬁe)‘ﬁ'aﬁ? lbb¥dél 83hy RBAd éécﬂ@ﬁ |1‘Q)1 Sd’lﬂmh@@ ofle€ @iedns of

medi umto convey toth ecrsl
hohding 00 aftachpteat gwyee usad: KA lcﬁmf"ﬂ rO@eP@Sd’sl 9tin &be topicgP ¢ 36 is in

\%/Huld co (L#ljn?hlcgﬁ5ﬁ wé'tglzthi 85\!1&%}) %@2 and®a §ldP4244s insadt Op

ew e enbodi ment of FIG
Communiqation pvvmtomeuslet best 184 pnbosad partian 44eofiihaéplet Stot 420

tion, 101 { e
T B A4 2 g 55 ST L cgpoR Rl iy o s
[4513 tﬁaﬂunﬁ%anﬁelmS dflthe bowbofiiIG. QatA ontcw4QB atnﬂ@asﬁagF é24 form
port d ot 42 iS . in

st o 9 e a2 TR S R i e

IvehﬁSors {08 Aa&yﬂrfg p@eles 485 wiag Hersad nobritnt4B@tdpompt1dd to the
at the edeof the to 106, which in turn opens
igad sqchignt pﬂtld&r‘é‘ﬁéﬁﬂ‘é&a‘ﬁ"i‘%’%f the bowl of FIG 2. A
not ch #a3 48Nd aNRESADGIcd 2T tﬁ@fdp caparots cﬁ‘fthé lambmdmtenf bBRIG. 1B.
pat h and passa e 424

\M’f{efpep%@l oRgBHIE HIG for lygoutigt REAS lﬁg tbs rnpfc ﬁ)& nlet port 104,

Uﬁl@ Qhé Roteh 4es tfort he vEﬁppdi'ﬂm'ﬂ-% Besceh@pehiag dnsehk | Ibﬁl‘tom side of
uring manufacturin 20 FIG 4B.is .a hottom

dhe tqpecapdgwc élaxem}bﬁ} tRE TR ARG St 1<erdrg|tgx c&e@pest part Hofa thin

slot 426 formed around the bottom edge of the top cap 106, which assists in venting

and connects the inlet notch 422 to the vent notch 423.

In use, the flow pattern through the first embodiment is as follows. Liquid to
be filtered enters through inlet port 104 of the head region 101, flows into opening
420 of the top cap, through inlet notch 422, and down the side of the bowl through
channel 218. As it flows into the bowl, the liquid also flows inwards from all sides
through the membrane 108, towards the core 109. Liquid also flows out of the
bottom of channel 218 and sweeps the bottom of the bowl 105. After flowing
inwards through the membrane 108, the filtered liquid flows through the cross hole
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The central opening 419 for the outlet port 102, the
notch 422 for the inlet port 104, and the notch 423

woaooiae7sent port 103 can be seen openi ng ont BCTHS2007/013833

bottom side of the top cap 106. The notch 423" for
the vent is positioned at the deepest part of a thin
sl ot 426 fornmed around the bottom edge of the top cap
106, which assists in venting 25 and connects the
inlet notch 422 to the vent-8etch 423. In use, the
flow pattern through the first enbodinent is as

follows. Liquid to be filtered enters through
1porintolisagewalid 1 Aof the ogicen, ashoutihgygh PREE m%@t the head

re?q%(gn 26 }].teE'vg% E@ﬁ)lg%&mrfnl}ﬁ %ﬁhd 4k %Bllé&éd:gt ﬂa&&euﬁﬂ%ﬁhﬁgﬂ the

channel .
veftort Des, lwehith 1stdwm¢qtqmtqjtha|1slst  JOCI A m&edglef Fléﬁwome je flow

sj des hrou h th
TR o PP TR A0 RS 07t
424 SnaRé boti@n Bﬁietdf&hebﬁi;i aap 196, tirbrigovia nbﬁ& 42Afintsy the passage
rds.thr h the rane
@ﬁl@%q%ﬂislt‘? \éﬁﬁ ¥eof PB’\'Xgldg hrJey oy hﬂeﬁ;g os s h o?}; B%\Br“ﬂy
c%iilge?dt?d%ﬁﬁg v%ﬂo@%ﬂ&@%ﬁm%&i@ﬁh}nﬁw hpakmgm/\bm (not
of the top ca rou ut ort.
SIS op cop, aad il b ously RUl . B 1 Bl
thl? emBbdigfdnftbfithe #VEnMEA! Hdh bh iRithodt h'&)w patmpand tangentlal

3, which is connected to the inlet port 104 and t
ﬂcrw ltratiomepagernsh d beiplgt. qulet @pd Veﬁﬂ%ﬁp T ERETRY B 8f

| Q% ke aepiciedy col lect in slot
1&9@%{}1&?& ngg%ﬁ%%rn%rgse@of t he t%c cap 106, and rj sg

Via nistasecansemhpdima apesdingds heavenian Moy RIGVIdRd 2
Aégposa@? "dhtet gg’vwm% re&@&d' HHI@ R@Tdme Wdo sx%lm to the first

connect to the ven port 103 t
mbmhmbn’o exeupt Hiaf thereowile aorer angl mﬁom ¢ap ar@tforrg vm a upjtary

q\ljmg{lglallrp.n A%@P%qe ger%fne duﬁL ” g{r?%g § £drhiQW of @tsfrfgr;é" SieBBYfoP8xample, a

ance dinents e’ i nvention,
sibglb nésldedstingbeare)t Stﬁdhmn q:xabod;mgt wducesdhddpivalume priming

ioQuted A1 A5k on DAL S0 R B coRhleh wARMoN Riionsl
§8hiédsg liIlh%tdnﬁﬁﬁ_/ dthaturt kiifgnatepibetneed td sweepsacfyou below the

gt?ntgg‘g Iécg]gnip gq%?rg%glélg%gtétoﬁx{]a?%%tnv Al Icfor %ct r<])%~/rl c rg %\d bottom cap

H& Qtdii%dﬁ&i MABufaBfusiag oy sts if5d ﬂga\%emet he fi rzt .

odi ment, except that the bo or.e ottom ¢
ar 1 é ier deiss Ao he sowantsgpnom dnpyL g seVeral Of the
ﬁ%’hﬁh?dlscﬁé@éd Aove BEMRSALOEMBSHIAent Birighmipps, doefiliératevice
exanpl e | e nol ded structure)

eryduveBacageendeavefyrgupging she Hiter; b‘?‘? ﬁ“?{d’evl“ier{%ay usp tieht
‘f’?% twedll thd &&Eneé’iﬁﬁéte\f RSt thédib@neM thy bswmhbﬁmy with a

conventional devices. The unitary _st

r
Suidrémaneksicstihaeids afshe ews th Fomas HUBNTRAVIRE may bave no

grooves; the filter core may feature a minimal number of cross holes to convey fluid
from the filter membrane to the outlet of the device, and at least one cross hole at or
near the top surface of the filter core to assist in venting air through the filter
membrane during priming of the device, and subsequently conveying fluid from the
membrane to the outlet; the filter core flow channels may be matched to the inlet and

outlet flow paths of the filter device according to the flow balancing principle
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bottom cap. In addition, using a unitary structure for
the bowl, core, and bottom cap 20 hel ps to reduce

woronriiagx7sir i ng costs for the device. Afilter HeYiIUS2007/013833

according to the second enbodi nrent may use several of
the features discussed above for the first

enbodi nent. For exanple, the filter device nmy have

no cage or sleeve surrounding the filter; the filter
device may use a tight fit-b@tween the outer dianeter
of the filter nmediumand the bow, optionally with a

25 fluid channel down the side of the bow ; the core
difcusbel furheebeldwy rudthediitarsiep fap mgy deueied to therdevicgin a

1§§%§%QE¥F559£H% g%glnal nunber of cross holes to

|ter nmenbrane to the outl et
of t hm@lem sbowsm dnm;trylb@avsli cageeandrhpstonhespefona fidier dedag,

surfac h i [
SFRIRg o peRRR sTipeo e o inT il 2036 chfboulinent, o unitary
Stfuctiie sd e\incﬂﬁdeswbb\shﬂlﬁeq lcel'd: degxomcﬁ%eymmg bbttmhd:ap regipn 507.

the 30 ne ne t t he o colr&

‘The Foreresinr "30@ r?ecaosis glﬁ) ﬁ{] ok negﬁ { € toPJ ﬂxre%cfe (ﬁ'\%e core
frlabsistfg Wi thﬂlﬁ%eﬂmﬁi@meﬁung and dmtr@qii@tltyimnfvéymg fluid to the
bal anci ng princjple

49273 PCT/ US2007/0
PSR Bt R BPPTE (e EP O ROIa 40 R e bRt %tfﬁ?gaB The
{[BYar StrhOuRESh 4 ﬁaa§ e nctﬂ&écp ot ékadplé), rdeﬁigtSdéd%&y pugemyaene
fixturing shows a ung% . bowl , core,

bot t oﬂeaélgfsbqawaamw ectippg] vigw of; §>° & %f%é’&‘arm“"m
t Ay H'Lboﬂfm&ﬂ%f iPRGERA Q{bwﬂ)% bbii $05 Rl 50% bottom cap

structure 514’ i ncludes a bow 50 a core
r@mﬁﬂb@gdcmﬁahelﬁaﬂq om cap region 507, The core

regi oy éggA' ?ng %%‘?os@ s%[:t‘??crﬁal DahEoPAPaREmBled TR, dbltiBe using a

top sur ce o e core aSS|st|ng W th ventin
dnrtanyg:opvh mrn,gandalmﬂtogum gerending te tharybedimenieiFIGS. SA and

%EO Ape CL%CCUO ? sl o? E}Le{t é% ?‘iﬁg fr% ah8 8B4k $RRqa MOUR unitary

I nen unit arck:
bl o, anb béttmmycabé ldvlAdGtter membearwrffBds pottechdiggrtly to the

t 0 Fl
Betonatahe byl ot ST R ebleRsogth P BEbod ShaR% s pross hole 510
aapr Bar ith @oye slatutie Mahe filfer MeGbrans 6($81muyrbg sbmm t5 @it of the
co tt [
ootz GHRROSshR ano A S5 may R Re R 180 e RS a e i
@g@gﬁ‘l @ ihdibit ef t&%MgGOBS iAl’\'@tht:ap lﬁlﬂﬁhg_fepfamwnxh témrlcgad section
an ottom cap, .accoral t e enpodal ngt o .
SR1 4ng Por's C6B anA B SBEI GrTER KL IR b seghion 01 and
b oap 166 NEIG.A B, Wi $iber HRid Newpattéme Yhroagh theqirs, top cap,

and botton1cap 514. Afjilter nenbra 08, is potted
diltes sramybreee. aRd comwaﬁh%?mP?@WPgﬁg %m. le the

core sEef ig@isAf quaferedQutticiDAicRast the Gisembldifileer2tice of the
embodiment of FIG. 6A, showing head section 601, top cap 606, filter membrane

608, and unitary bowl, core and bottom cap 514.

In accordance with an embodiment of the invention, the top cap and head
section of a filter device (such as top cap 106 and head section 101 of FIG. 1B) may
be designed to have equivalent diameters that match the inlet and outlet flow paths
of the device according to a flow balancing principle.

More generally, in accordance with an embodiment of the invention, fluid

channels throughout the filter device may be sized such that their equivalent
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at or near its top surface. The filter nmenbrane 608

may be simlar-to that of the enbodinent of FIGS 1 A
wand7h4®73and may be .a pleated filter that foPaE/U82007/013833
tight fit 20 612 with the inside of the bow 505. A

top cap 606 interfaces with the head section 601 and
ports 602 and 604 in a simlar fashion to that of the
head section 101 and top cap 106 of FIG 113, with
simlar fluid flow patterns-thfough the ports, top

cap, filter nmenbrane, and core as in the enbodi nent

of FIG 1B. FIG 6B is a quartered section view of the
dissetetioe duid flowrdogenptexceed thesmadlsstcaapsilont diamgtergi@ny of
ﬂi‘FeH‘B? gﬁcénnegaggsa %rhcﬁgtc {\lb?%rtﬁ%axwﬁnpﬁuﬁ%nﬁgﬁmcgﬁéﬁ ®{th the filter

core and bottom cap
deilite (lheﬁeﬁ(; tfowdatmcing Bm sizinmatidmmebesing the flow channels size

invention, the t C nd. he er
imavsToeveR ae o ueh B SR MG e BEGHIAR pBL iy id
cohfuriEdtiontyith e diesdeg fechdld-upavburegaf ﬂwaldentcedaahemngmzed
t hat rmtchth inle d. out | fl ow pat f
widhas B0ueEdY ARG SFISe AP IORRT R o B Defipgpg fis
(HERGFANLY, GeeATI§OTSAR 6onsMtédt casssesbibialartas of thilow channels
Invention, fluid, channels {hrou ut the filte ize
RS HipeBECing IO IR RE Lyt SRS Tpgpinimt
%@Qﬂlén 28d SortfabtibR pRA 41 i3S3in thd ae\db@ it reatasrleds| buibble
oes not exceed the smm| |l est i val ent, di a
otssampnbnd SWDIpOHISETHREC VAR Gerest poripIR SR may
1§sedQ0 fcl!;lﬂ%:?e fi8 %ﬁﬁ{é %M&nﬁ@ th@xafn'lﬂ)lE She t@&)ﬂc{ﬁe discussed

ancl n By 'si zi ng and nunber i ng
lbdiewflh ovnmEcHON erh@i Fi3. 7% qur?lfsfu]@h flgid papsagss thé"‘l“gd@rﬁ}’&?f flow, a

ual t.he size S t diameter; or,
‘&%Fﬁ'riﬁ#lgg?llaé%a W %r&@gaelwdew ce g% Pﬁghﬁgr% dnrbrglh\k/%qﬁine of
fdreurti@lent flowahrdyehr miméizadar passago.s hydroelicdiapeter Dy may be
af fecting the device's perfornmance, such as by
Psedr WhE€®ng its pressure drop. Generally, using
consi stent cross-sectionah4areas in the flow channels
of a filter device ac@d’rdlpg to an enbodi nent of the
invention tends to mnimze _expansion and contraction
mrecsessrsectﬂmrmp srdanA ah@ permietes P ofribe passagee SOThet exmpsiang may
a SP?’m L EPIT &]ettm%qﬂ Qt{ Qgﬁﬁaﬁﬂpt‘hﬁﬁfe{eﬁj Nouth ta€ Form{Aatidhd published by

pOSSi ni ques eﬁi be used to achieye
ws:mAE|(ﬂmlmgncmnSbuduyngHera@ng gfhl;gpr@norlh@ féﬁrﬁﬁf&’&"é‘mmg

SCUSS el ow h
MEtGFSE of PHESY éasrg% gg&ﬁ%&#ﬁ& am na ﬁ%fogv(\il(a!éq’)&unmg the
@ﬁ@ﬁﬁl'eﬁﬁﬁlbm&tﬁilof arrectangujart dust. Cﬁbli muliiple eiods h@}es in a core, for
det er e egui val en

PFW{Eha’& € equiva ea? gxametéegé gf gxe cro{#q{é)rléasu%g“{)@ﬂ)tade to
@haﬂ&h@éq@bhlwdlbmetei of ﬂmhallmbﬁhcgnd port.

In accordance with a third embodiment of the invention, a filter device that is

broadly similar to the first and second embodiments may feature a core with a
variable cross section flow outlet, to take advantage of the flow balancing principle
described above. In the third embodiment, as each cross hole in the core intersects
the core’s outlet flow path, the core’s outlet flow path increases in diameter. The
core’s outlet flow path can be either tapered or stepped.

FIG. 7 is a cross-sectional view of a filter device comprising a core with a

variable cross section flow outlet in accordance with a third embodiment of the
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Dx=4A P for cross-sectional area A and perineter P
of the passage. Ot her expressions nay al so be used to

wdeb@rgy21e an equi val ent di ameter, such as for porAaSR2@MNO13833

publ i shed by ASHRAE (the Anerican Soci ety of Heating,
Refrigeration, and Air-Conditioning 20 Engi neers) or
ot her standards organi zations, for exanple for

determi ning the equival ent dianmeter of a rectangul ar
duct. For nultiple cross hol-d2-in a core, for

exanpl e, the sumof the equivalent dianmeters of the

cross holes may be nade to equal the equiyval ent
uhvemtiire rin@f simflar @ﬁhuomég the fixgtiped grepnd epiodimeity Attt cartridge

%Moélgﬁésmg %g{p cdp 5!ﬁ§§ br&ik%qw b6 @Bp 787 ddd &re 709 is

y simlar to the first and
astaed ieabodil 785asd haa}d feetibn 761 awhich somipriBeseportsat(Zaasde7 04.

oss sec ion f tIet 3 f '
mv%rarna Icﬁbe J()@N % Slerenﬁogxerg%x%tl%g%éé gcrxlvééﬂgtﬁ%& the()"}iﬁtersect
{wihla6t cifleoflbwRyath 7B&sfreﬁ1cﬁhe conrsthaticisa vanableeresrsection. Using

|ntersects the core',s aqut e'
trsuicoy Sripasin BtRoRCISEald fiova: B2 Raichngl 85 oF feSfatest
Qishle®dr Hquiheditiebti®m Hobg o plubiting tme fseiel fimid scbmpnmchatlaﬂ with
FIG 7 is a cross-sectional

gprﬁgpqréilewge gp fhe maxignum 11Q,5é¥q cimngteé ?)Gs%tj téeéx?n%)x ﬂog%secnon

7&a&hr7§1 5 QAN B8 ReRleb bhua D Riel,d enmbodi ment of the WO
200 149273 PCT/ US2007/ 013833 -12 invention. In a

simlar fashion to thBcfi¥Pst and second enbodi ments, a
(:h!rir%r%e ﬁacvtﬂdlﬁﬁﬁx 191@15@131'&:5@7%91 Fbokvep Pfeﬂ‘&aK@@ thef‘&drIaBIe Cross

rane 708, %om cap and corge a?
eersionsitaw pﬁha7 15&#%9“*7’0‘5‘% FaoRdyIrewcan igiiar gHOss \ﬁﬁ?‘éﬂ?al diameter

%? ﬂ?:%eﬁ ? n%o?gﬁltt% ZZQ; ift 'ﬁG794towa.mVVﬁ¥ Sbttorh dfHIRECSL769Y, €9 a

I nent o , cross holes 710 intersect
Enmmmmromdceomﬂldmmﬁat of Pe §infFlGin7; piehe tancsurfage of the core

bl o t Bi%) should b
AP B RS R e B b0k shouid o
Spﬁdeklemti sizdtl anett that theyuinrseotrthe outlenfloywpath 71§rwhen the diameter

ng. t.hat flui

B B A8 i BTSN s by g oo
t}i&&s\tﬂéﬂ h&bé Elréid}&&tei‘ﬁab’tdd]he ofitlenflgya plth7715. Spedifigally the cross
made t Dc=D under the flow
ﬁﬁ?%‘?ﬁg%ﬁﬁlcﬁ%ﬁsﬁ}‘%‘e &Q?i??b%bove. Preferably, the
vari abl e cross section fhow path 715 shoul d vary
snoothly froman init idaF'F,r‘oss sectional dianmeter as

near as practical to zero (in FIG 7, towards the
behdre N isfth¢ toealgumebeT 0§ F1oss bolgs; and, after the i-th cross hole, the cross

sectional diameter D¢; of the outlet flow path 715 should be
Dc,i=id .
Tt should be appreciated, in applying the flow balancing principle described

above, that each cross hole 710 is taken as extending all the way across the core 709,
despite having two sections 710a and 710b of the cross hole on either side of the
outlet flow path 715. In considering the equivalent diameter of the cross holes and
the other flow channels of the device, the smallest portion of such channels should
be considered. For instance, constriction 718 in the outlet flow path should be
considered as the smallest diameter of the outlet flow path. The smallest portion of

the inlet and outlet flow paths may be within the device as at 718. Only the liquid
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maxi mum cr oss-sectional dianeter of DC (in FIG 7, at
the top surface of the core 15 709). Al so, the cross

woab@s472t8 (of which there may be one, two, or PADMUS2007/013833

shoul d be spaced and sized such that they intersect

the outlet flow path 715 when the dianeter of the
outlet flow path 715 is equal to the equival ent

di aneter of the nunber of cross holes that have

already intersected the outles-flow path 715.
Specifically, the cross section d of each cross hole
shoul d be 20 d= N where Nis the total nunber of cross
flow paths simeild he censidéred in the flawbalaneing, andiot dhepwent flow path,
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be appreci ated, in
appl! yUmgg shceh drl avadyeheme b the embogiec of FIGHBfluid go be

bov C ss hole 7
et Revadiyoih e andBbind s, bR HroTpn BHERAIEE10, and
ifiRCthe OfetHOA pathd7 151 Qb sleduld be appnasmtelddha tbm oetlttrﬁaw path 715
side of the outlet flo at h 5. 1 con erl
Bay V) g ethegivways than 'Ei‘f‘ti g”b‘lncéi} K@ngeﬁcn the ecqﬁq% flons
Jﬂo%‘ fohaRnabR, Bk b sIENAICEE tht betleriw path TiGhayohaige in a
such channel s should be consnglered F st anc

stenpwise Pe pthendisgentingops magper ap fqaas\ﬁap'aﬁﬂe% ot ‘H’“g'ém‘éﬂy

consi ﬁﬁﬁ eéjls%scrb&ese%ﬁﬁhileﬁéw Gileviatifg a Manulfr@itid plocédsdiwwhich
path. The snallest portign of the inlet and. out]et
4 tapveapds jrinerbip the fijjer membrane WO&%H%IQE Slfa IXPYIANg Py i
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804, filtee mearhratid 808, patthm captiTnppd)carp 809 iare lil?dtlﬂé ﬁltcr evice

%grﬁ: 6 ﬁle%%%dﬁxgémls 'dggﬁrﬁ:eﬁlhgi%ﬁ hfﬂ cdrﬁeﬂtfloﬂa‘i‘ Lemescturin
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ﬁrocésksas dhft tophmp i§ hbated écm? Sﬁhmtotthii wgrbr@w@ vhich aften results in

rrﬁ#%xr) t%%gt Z;g?sitlé;tm %3\}% intot tﬁ(%J %gwc;fa?&%ﬁ % g'l%B)e ar@&ledRogether.
TRE h@ﬁeﬁécﬁd/a%th @llasﬁb ena;ﬂltehmﬁn inl thevfipéshlad A¢Gicerand vlggxy,dq: the

ot her s than at ., shown .i,n. .FI G
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Using embodiments in accordance with those described herein a filter device
may have a significantly decreased hold-up volume, without an appreciable increase
in pressure drop, as compared with previous filter devices. Techniques described
herein may also create less bubble entrapment and bubble nucleation sites. Overall,
the filter device has a reduced priming time and a reduced volume.

Although pleated membranes have been referred to above, a variety of
different possible types of membranes may be used in accordance with embodiments

of the invention. For example, microporous, ultrafiltration, or reverse 0Smosis
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simlar to the enbodi nents described herein. In
conventional manufacturing processes, the top cap is

woeai7ad9¥79r seal ing to the nenbrane, which of t e0T/US2007/013833

results in 15 nolten waste plastic intruding into the

fl ow passages as the parts are seal ed together. The

har dened waste plastic may remain in the finished

devi ce and degrade the device's performance. |In order

to avoid this, a manufacturing-process in accordance

wi th an enbodi nent of the invention uses a fixturing

pin 816 to fill up the central flow passage of the

rdenbwemab'dvctlh’ed,t@é eaybe mage fiegp yaiousanaterialseincluding
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el enents; connecting ports
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at right angles to the body of the housing, as well as
connecting ports that nay not be parallel to each

wobRhev149278 shoul d al so be recogni zed that evenprCimwsgiv7/013833

reference has been made to the needs of the

sem conductor industry, other industries have simlar
requi renents, as for exanple the nuclear, biological,
bi ot echnol ogi cal, and 15 pharnaceutical industries, in
whi ch safety, containment ardSease of filter

repl acenent are also critical. It should be

appreci ated that although first, second, etc.

enbodi nents have been referred to herein, inventive
features of each descri bedCEASMH nent may be used
separ ghih Ys Qhinhdd s0NMbi nation, in accordance with the
invention. 20 While this invention has been
particularly shown and described with references to

f d i o i. i X d
L o N A Lt e oo

by those s eart t
form and detfdidrsnembrahe; amdde t herei n w t hout

departing fr t he sc .of _t [ ' REpassed

by the appgr@gc]é el eaclonngl.pr %\’I% %tdg%f fﬁ%{)g{}%g B8R

PCT/ USgaihimick3ida3vith e filteAldmbritig taclscrosahole df itlss at gast one
Afilter elvi e for I|i Uiﬁg f%.llt (t)‘;v%] éthre, devi ce

conpr PSR §oles haying;anegiivaienf UG LOW CIAMCEDR) v or core

conpri si ng vilertifabé fikBedsAgsis il bl ¢omrnication with a plurality of
communi cation with the filter ne ang, .each.Crposs

ol 0. B pthy iy Abloanse perey diapeaiiralf? og GRS Partviays
equi vah@nk of dmkditkst éqtitvAém TR flowvdigmneden of the glidalier of liquid

device isin fluid commnication with a plurality of
10 |i ®athwvayst hways, at |east one pathway of the

plurality ghdlwrktts tResRNRY she difialént AusdBbveEameters of the at
equi valent fluid flow dianeter of the pluralit

y, of.
| i qui deashendoreysholgsdocsst exeeediihe smatlest eqpigalent fhuid flow
equi vak ' ' he at [|east one
cr oss%lﬁ%%etgI !é%l{gg %%@W&%@ifﬁ%hgﬁ}j | est equi val ent
fluid flow 15 di aneter of the plurality of liquid
pat hways. 2, fhfiblich g&)}‘&iﬁg 1GCAL ! RGP cSJn?Hg?n%za bottom cap
furthér conprising a potto cap supporting the filter
menbr anpporting the filttt membuane, and s Glienhavg umouhdingdhe filter
:CTF r?g?{ll%ngawﬁg,:\gh?rghrgafﬂﬂe}'g ref:@gt?dm Qgﬁ,tagmfﬁ@? bo@h gre formed

into a unitary structure.

3. A filter device according to claim 2, wherein the filter bowl
comprises a vertical fluid channel in fluid communication with a bottom

inside surface of the filter bowl.

4. A filter device according to claim 3, wherein the vertical fluid

channel comprises a variable cross sectional area.

5. A filter device according to claim 4, wherein the cross sectional area
of the vertical fluid channel reaches a minimum nearest the bottom inside

surface of the filter bowl.
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20 into a unitary structure. 3. Afilter device
according to claim2, wherein the filter bow

woani4s®s a vertical fluid channel in fluid PCT/US2007/013833

communi cation with a bottom inside surface of the

filter bow. 25 4. Afilter device according to claim

3, wherein the vertical fluid channel conprises a

vari abl e cross sectional area. 5. Afilter device
according to claim4, wherei-n6t-he cross sectional area
30 of the vertical fluid channel reaches a m ni num
nearest the bottominside surface of the filter bow .

WD 2067/ 1492filRerRigvidesrooding ®3dam 1,ghegeinanf¢xterapl surface of
devi c r.din iLm1l, wherein an external
surfa@lgqgfegcgﬂeelgé‘%vgégore is grooveless. 7. Afilter
device for liquid filtration, the filter device

conpr Lsi ng: a filt rane,.in i ] ' ls
SPTR I ooy Bt divdeTor FERAARGHLA che Ml GQMBDLESAGAR

| east one arfii&s nivdhtgrandid fluiddommmmicdtiont withn an wiitlét garg and
filter menbrane; wherein.at Ileazt one oﬁ lt helﬂ[cr(?ss cati
hol es is | BAHICEEOTEFOMRIEINE Y P2 Qe FrOst fRICAR A} crppiynication
and i gvifhlthé diltepmetbraati on With the outlet port. 10 8.

A filter device according to claim7,. wherein each
cross hol e Yiergipat lepst 9@é§tth%ﬁ@s%£n@§%‘sﬁg?%§ Hu toppurface of

equi vleefiterfdott shd inavuidicamRielicatRndvith Seaiuilet pertf i | ter
device is in fluid communication with a plurality of
liquid pat hways, at |east one pathway of the plurality

of T'iguid 1oaRet BMRYSadidVding tdciaiil] Rikreflchak&Rthole of the at
fluid flow di aneter of the pl d

plurality of Iiqui
pat hwdspst onerrtossHales hestanceasinplast th#%ﬂemﬂmawéﬁt fluid
flow di amtaﬁﬁ%v}%];eifn hge fter c]ie%?éetis %ﬁ}l@&%@%{lp@\%\/&ﬁorﬂma

not exceed the smallest equivalent o
di anetphiralify afhigupl pathwaysy ableast apgipdthyesshefethe pheality of Aiquid
filter athwa g%a%%&%rs%aqgstt é?qu‘i"\l/a‘ri‘ér{pﬂﬁ’id %&/r cﬁiuﬁeltep 6r I}Jelp;h%rality of
core EGMPY 38

liquid pathways;

and wherein the sum of the equivalent fluid flow diameters of the at
least one cross holes does not exceed the smallest equivalent fluid flow

diameter of the plurality of liquid pathways.

9. A filter device according to claim 7, wherein the filter core comprises
an internal fluid pathway in fluid communication with the outlet port, and
wherein the internal fluid pathway has an equivalent fluid flow diameter that
does not exceed a smallest equivalent fluid flow diameter of a plurality of

liquid pathways in fluid communication with the filter device.

10. A filter device according to claim 9, wherein the internal fluid

pathway is of a variable cross sectional diameter.

11. A process for manufacturing a filter device, the process comprising:
heating a top cap of the filter device to an elevated temperature at

which a filter membrane may be joined to the top cap;



an internal fluid pathway in fluid conmunication with

the outlet port, and wherein the internal fluid
woatdnvay27has an equi val ent fluid flow di anet er pCAs2007/013833

does not exceed a smallest equivalent fluid flow

diameter of a plurality of 25 liquid pathways in fluid

communi cation with the filter device. 10. Afilter

devi ce according to claim9, wherein the internal

fluid pathway is of a variabVe cross sectional

dianeter. 30 11. A process for manufacturing a filter

device, the process conprising heating a top cap

the filteringextinge fixjuring éﬁ‘evmré@ ap ewa@agﬂewaa%agevmy Ofithe

a fl|§§ 2(5% rane may be joined to the top cap; WO

2007/ 149" CT/ US2007/ 013833 -17 inserting a

fixturing jtdningehé fitter membranertiothe obeap phihe Siptegd temperature;
the fi]Jter device; joining the filter nenbrane to the

top ¢ at the elevated tenperature; and 5 renoving

the fixtur isigovay ileefiabtiag deviee afipr thapomheap lesabelgd below the

bel ow the _el evated tenperature.
elevated temperature.



