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- 1 - SYSTEM AND METHOD FOR LI QUID FI LTRATION W TH
REDUCED HOLD- UP VOLUME RELATED APPLI CATI ON 5Thi s
application clains the benefit of U S. Provisiona
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

Conventional filter devices, used in fields such as the
poi nt-of -use filtration 10 of -dhemi cal s used in

sem conduct or manufacturing, are of two types: disposable
devices and cartridge filters. Despite advances in
the field, disposable devices typically have excessively
| arge internal flow channels, which are larger than the
equi val ent inl et angwsitet ARY &ET@ODAFORUDI Ng and

pi pi ng | eririe FIOTRATIONOWI THER BBVICED HEDEUP amsuMEJw
15 channel $ result in unnecessary hol d-up vol une and

| RHICRPED APPPRICASIHR drop, due to expansions and
contractions in the fluid flow path. Pressure .

f | uct udthivapplicatioe glapys thedcaghbeil h Srayisiondnh prltcetion Ho.

C t

c SR PUBR R Piod, s e B 37 Pt e fforh e
dderdimbyreferengef | ui d processes that are sen5|t|ve to

out gassi ng. The higher pressure required results in nore

2001 EROIGONGOFFAEANI BT RINOCCUr rence of out gassing.

Qut gassing rel ates. glrectly to defects in end use.
Fur t herGarventiona filter deviteousashiarfirddssurbas thhpeint-hepse fltration

B ASES, LR BURRL RS, RERRTE A ERRE UrBlo L BB ol

|on ccur rger nnun
vcdeun:ewmhsaarmdgweﬁlterkter to take a | onger anmount of tine

' d f.l ush
hoer bdes e ey T Rt AR By e PR f B i Rsively
a lagd Srixtﬁglaaﬂdwt dhasnélypivhiah bye lagsee thaarthe efhivulenhimivi@hd outlet

bet he .h dt filt Th th ff
D RoRE apdlof Sk Bid Birtveiehtine aond o Be dlexiep. Thefafatgs flow

V @hbfifsls result in unneclSsa®XRATAlPSvatimt Aad Piidrédsedid prebéufe drop, due to
Patent No. 5,620,599 qof Hopki et alL d| scl oses a,
c&FPRRSiRNS andj qopfractionidp e fuig, Hoo gl Pessgire tiogs caused by

t e Eﬂidnmo%@%(wtoﬁmtéﬁs VA HiBe BEEMBS thbBSluid IHabls R filkded

housing; and U S. Patent No. 5,762,789 of de | os
to come out of solution. Increased pressure drop is detrimental to fluid processes
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 typicaily
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 ef 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 the
flow pattern. G ven the high cost of the process fluids
used in fields such as sem conductor manufacturing, such
as photoresists, dielectrics, anti-reflectives and
5optical disc materials, and tRe need to avoid defects
produced by bubbl es and ot her causes, the reduction of
filter hold-up volune and reduction of flush- up tine are

cRey¢scatlal. disclorse gldisniesatde Hlipewitbdowalepd vplimes in uiighea sweeping
hﬁb@é&ﬂo}{?ﬁ) TR ed dﬁ %E _tlme there is therefore an
uce

goi ng nee tore -up volurme and flush-up tine
vv| t houtGwmmedngmgost b’étlprmesass duittsoped an ﬁsldssmh aslter.

I\I\/ENT cok di.n
¢ SerpRa et B pRo RS S AR, gBE SO ana
I bfticad disclnhatefialgmndtthe néed moﬁbdr&feﬁs bmdmged by bhbblds and other

comTun atlonvvl raI|t L gui d.pat s, at
" B oS esiP bt BRetiald Spuiotite grd FPUBT B R floe ace
h lamlc»l.g au&ﬁsagh eifdre gﬂw Neh'ﬂneafforu‘s Iltg _trréhﬂﬁcb @mddu;ammxafe dnid flush-up
urali UI at hwa e ice orrprl
P i i inahersbole 2R aPROPEEES 1 BAdce B SlGT R ang dask-up time
Oﬂﬁtl@bﬂﬁférela@ihg thé’lprelséuréi dESPABIOYsQBE FigBr. W t h t he filter
menbr ane, each cross hol e having an equivalent fluid fl ow

di T uivalent fluid flow di ameters
% @Eﬁwgﬁﬁgg‘?ﬂol es does not exceed the
s rral | egh ofiel einbalient fabetrdinkl 16 \thelindB@i R, tre SroPided alfiltey
[iquid, pathways. The_filter device conprise a 2

béﬁwsﬁf%r&p:ﬂ%ﬁy&tﬂnnawtfﬂéﬂﬂﬁws Peipgip corgRRnIFatipn P
bYraiy Jroe phivhes, bt lehffon@BixRvAR Lot thE ?. T ?Irtdf%qtlid Isaenways

core, bottomcap, and filter bow are op for med

i heving asmallestcquivalent fhiad flowedipmpter pf Bsunlutatity efiqpid pathyays.
Vit

o Geios EPAEFSE PARE, mpfiilt, SERTRELGEChABMER: fapt one

f lerasd holeeinribiid pemmymigation evith tharﬂl@b menghraess egdccnoemb@le having
ar,

" aE R RichP QY0 Aol TUE R HFRRALGBlert BB DAY Mt of
t Itlee 4tiledst pne oross helgs tleesgmlwettedshe smallest equwabn'oﬂhldrﬂow

c n i nvent.d on. ther [
S T B PREA VB Bph AN APl EIE i PO
¢ bopomsap sappaorking lthenﬁltéxrmmbrame;‘ dmi alfitentwi sumtdundmg/lthdnﬁlter
an ouérlaget: veherelh o glt@r (f:cl)rletl%tto%? E:aGp, G OHT%ﬁt'e? i)(r)]\«gll are op 1onally PR%med

mto a unitary structure. The filter bowl may comprise a vertical fluid channel in

fluid communication with a bottom inside surface of the filter bowl. The vertical
fluid channel may comprise a variable 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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30 hole in fluid communication with the filter nenbrane.
At | east one of the cross holes is located in a top
surface of the filter core and in fluid comuni cation
with the outlet port. The at |east one cross holes may be
configured such that the sumof - 3 - their equival ent
fluid flow di anmeters does not-2xceed the small est

equi valent fluid flow dianeter of a plurality of |iquid
pat hways that are in fluid comunication with the filter

didgireguivpient fiujd @owdinractaepydacs mpt ¢receed thej amséleafeaquwwa fluid
IO

O Rlmbtds bt 4 bl ARPEH HGRE pfoiée ot D€ i HblooBBhbipp i witn
fﬂl@vﬁld:r deeicer Thé &ltedows mayt carprsstanaintemed] [fhed pathywiay ah 8mid
fluid r
¢ $4th Sl RHioR bAhE bufllt ford i e inlerfl) il RS il c o
f équidalpat fhyid flonegiameterfthat doas hatdxeeed o smakext t:qmmllent fluid flow
dianet e her. ,e OdlﬂEﬂ here i.s provi
FBERLE o P it S RS F 1t B sipbeniSau it s fer
ca#fEd. SThe eahhlia phﬂ@va@aﬁaya be bhe vﬁhiﬂil@ E:rdi@‘dédi@nhklhﬁﬁetl’@
eIevatedt erature at ﬁg afll menb ane rrg%b
joi ned®8 gpodypent; éer&S.m@wge RRERRe?
afiePddvate. f rBé‘és% 2B/RKePhediing aftbb *c@;ﬁ oﬁ'@x\élfﬂér db@cdtd8h
the filter rane to the top cap at 'the el evated

éﬁﬁ#ﬁf%@eramatr%b arigter %emlvrﬁ% maﬁ@ed@wé & tettap ctitie

t BRef :%tuﬁﬁg 'd@ﬁc@ 810 defRaBhGY ph&ds é&ESPSf @1% lﬂlﬁr d@\ﬁhﬁ':
DESCRI PTI ON OF  THE DRAW NGS 15The fore

a.ppmnerthe ﬁlt@mnmbrmltp ohit tof cspebtheaaley tampe@é'erm md IgEoving
Rk B S g e
characters refer to the same parts throughout the

d BRIEF dMESGREVEION 0F "HHED BY@Snhot necessarily to
scal e, ”ﬁ@%@i%g?ﬁxtg' \{)ﬁlt é}g{féxﬁ%% %%IIUQ% xgue:%trﬁ 1h9

enbodi ment's I nventi on ows the
o desirigtion fof axatnple @gdmdanemts oéthedavénsipnagcidhugiratgd inthe

42 SR gl M) R Bl Jicrd® B30 pypa o
Ft}ﬁ‘aoughous tlze difflerent fvietvse "ﬂm/drawingshee hotl rieeessadly toecalf, erhphasis
? dr[)%mg 191 ced upon 1hustreﬂmg embodiments of the present invention.

he)

FIG. 1A shows the outside of a disposable filter device according to a first
embodiment of the invention.

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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25FIG 3 is a viewof the filter core of the filter

device of the enbodinent of FIG 1B. FIG 4Ais a top
view of the top cap of the enbodinent of FIG 1B. FIG 4B
is a bottomview of the top cap of the enbodi nent of FIG
1B. FIG 5A shows a unitary bow, core, and bottom cap

for afilter device, 30 accord#ng to a second enbodi nent
of the invention. FIG 5B shows a cross sectional
view of the unitary bowl, core, and bottom cap of the
enbod| ré@Gt 6 8fshewea csqss-sectlorpal view of an gss@nblA fdtepdevige using a

. u?}ﬁ}l%%% % V\?lanﬁ'b%w,oﬂf ca ”%&%?cﬁﬂ? ltc?%eféé-{l:lgcg{l ggtvéﬁﬁg#%'é\n&d
efiBodi nent of Figs. 5A and 5B. FIG 6B shows a

quarte ction_view g a

The 5° EIGoGH ShRPY atlofleedt sbctiaMASR R s bimbll Al hEGeOhr the
vembodiment bf FIG@ré6Alevi ce conprising a core with a varl abl e
Cross tion flowoutlet,.in_a rdance with a th

cbodi gt /41 PSS ARG A of B Hiter deVieg ceimpgsing Aforé with a

C i 154b16 Efsh S¢ion \fldWoufldtUint dedbidagceawith ALthizg ebodindit Of 8fS

in which 10 a top cap is joined to the filter nenbrane

aHYeBBP® using a fixturing pin, in accordance with an

enbodi mBat 8 ¢ a tRRssEMRART WBw 1@5&&& EQ iRERER tRdh Pk dekss liEvhich
I NVENTI ON A descr.i ptl on of preferred enbodinents of  the

i AVRIMERTLN JPiged e filer spcsphransard Gere psipgrg Bxpripg Ry ithent

Ofacéd}@adc@\bﬁm LPBmbb&&{et bEHRRVdnded. @ 15 di sposabl e
filter device that achieves a significantly reduced

hold up volune and reduced fl ush- tlne by conparison

SIS RIFTION OF B iV, K ap y increasing the
pr ess Urg dedcPiptiBh b8 pre & da¥bdifrentsst the ﬂ%ﬁdomwuéwép

vol unme and reduced flush-up tinme are achi eved a nunber
of featlnpeeordanre with g Sirstgahodimentf theinveaiien, ah%gseprewded a

s lIRpYS LIV e ALi Qb e hidviel §5ignSidinflyFeduced hold-up volume and

reduced flush-up time by comparison with previous devices, without appreciably
increasing the pressure drop across the device. The reduced hold-up volume and
reduced flush-up time are achieved by a number of features.

The filter device does not have a cage or sleeve surrounding the 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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20cage is not necessary to protect the filter when housed

i nsi de a di sposable container. As used herein, a

di sposable filter device is one that can be installed and
renmoved as a unit and can be di sposed of after renoval.
When the filter nmenbrane within the nodul e needs

repl acenent, the entire filterSdevice is renoved fromthe
systemin which it is used, and di sposed of. 25The outer
dianmeter of the filter is a tight fit inside the bow of

t he comharersrof thyfilter devies hasino, gropyes; dnsteacpikesing & groovae core

st eoROY Bt o R BIEE Al B4R Bldet oF nc d TR
f Crivenfiomaltechnisughtharsyppet seseeys effthe fidies merdtrim, gthich are

B 0 oy S B R ]y s

t teecdnoty dra fidid ttd erd3® bolek jin theecokd, widch &ead lthoflatl te the:)outlet

travel t he ts of.the, fil [ fit

ot v Rt Pt BRI Dbt Ts b tortexhmple, one or

ativaaiosgRoles) teuppodyt floid fréwa the filter membianato ttkesutlel of ?w device,
ore oO

t he bow . - 5 -
7 Ao BNCRTORE etats Bolkd oF Bitrsbe ian rirfags ofthe A1 555 G 28U50R
COétiehi EMRNEh the W@ feaiBrideddridd SimiRBItRE Gevibe, 2R

outl et of the device, as in the canventi onal technl gue,
t Rabsegusndhytin cemyying Bridiadhe putlesof thedsvigee By\ppmpanzog with

t M&i\féﬁhbﬂalfdé{/ﬁ%éjﬂﬁt use £ RrYeTBIuntoel 8 Brosdblet, MdHa08hs cRfss hole

t he | ter nmenbrane are uSed 5to conveytheflwdto

c Pb@ran% thegop gurfare efghe filtgnearn, Jush@ uspof e1ags holes degrgases the
PEVl@é’s ho d- PR vollftfe drld ﬁl?s‘i'l- ifel 8204diBSnART LN H@At 15%&?@& cross

Cross es or exanp one or two cross hol es
c balgeay of n@nrdh«f topraurfage pf thediltamsnats rRventsair RapDIRE|a thegpp of the

t th
L iy, Iy o RN BRI T Br o R,
t hr ougfThelfdter coteeflowrshimmairard mndtelpdpiti imdetaind totettléow peths of

a S elely ng flui th

t ﬁée %lgvl 1c%%LcjgorE:h ﬁto a W\‘}g%éﬁl i%g \l/.lenﬁg)l% ﬁ% cnggc\ﬁl)l Irtl he'i' Pglow In
upertiulaasthe sumwfhhaer eqﬂwa:lemtschaheieessof thadrdsahelendn ttrecmse may be
hol e .at .or nea

t he face . of the filte e, Suc
£ ot B sy et e S 6 SESHRR had vt fn BT
v Qbﬂlmomvuﬂhthdﬁiltdr evick (foaddamplenthetda@ivatent dfansdter of the
Iea nec e%tqungl r the top surface of the
|°I“f %%Pé ﬁ‘fréb FTQ‘RFS Wy at the top of the 15
f | ui d chambe 'ﬂoW’\Bétﬁ hs G58a HeBwéenSthe Boftb@asap apdakd Bow &F the filter
previ ous desig The filter 0%ore fl OV\%I hannel S

ﬂevwa¢la|ﬁ>éfaertta a%lﬂwy %‘Yﬂeetngaﬂfdh%la?m Qaptaining as

f ishiafila KIRYIUPS AGARS bS] ]b&&lﬂl@ Byfd ‘@aNal AP phthg” Rhd MEdnAb& that the
descri bed further bhe In particular, the sumof the

edlow/path be larrs saewghstogll %@vmomﬁ dewlrbut pat %haégwo

b%n@QéiPa'bl}I fcldise ﬁ&kll-dﬁcﬂﬁ&ed 'F%Fﬁiﬁﬁ 18f tht TR v pRh&dkr the bottom
liquid fllow path that is in 2%commn|cat|onvv| h

t wep mdyredimigaigiag enychas 2essa¢rpnere Qfﬂ@léqn ivolineh by gemperison with
Ofpriol QeAlES. BFhd WOMpREH 5P the BSHIRIFHALESWT 44:is0ER thetddbval 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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A small flow path is used between the bottom cap and the
bow of the filter device, in order to all ow sweeping of

the bottom of the bow while maintaining as snmall a

hol d-up volune as possible. By a "small flow path,” it is
i ntended that the 25 flow path be |arge enough to all ow

sweepi ng of the bow, but not-6e |arge as to undesirably
i ncrease hol d-up vol unme. For exanple, the flow path under
the bottomcap nmay elimnate as nuch as 2 cc or nore of

hol d-u @wmdﬂyrtb@rmw;sﬁn filiers tpp Pen m@p b deiged Rhihe device

e e T e S e R

velelding,i pottings of bthed Jdiilmglppcxtdss ﬁ@m @mrfcrmgfwmwt}pdlmd flow path.

GRRIteh S SRR T g B TR B RaliPe Hemb ot

princi Mmgiﬁemmstmdh sl !Hehsz“ovb,ei ﬁm emboﬂlmermac(dftdmgltb 13

further bel filt ca may be.j oj t the

L eion i bt oty ahiai-yb sioting BRI et SbRY A blsts,

npt}dv%hspie&ﬁfeb Gsddeiﬁtal slimngr édsxﬁastttﬂafe a%l@uﬂ@ohﬁﬂ?] bf ?lgrq han 40 ml,

ot.her, joi nin roces minterfer th the [ )
g RO G dhe BTaiAhes b e i dektbe A tarsliB spegific

r ﬁgafeé%hbﬁla @ bé BikeR hs fhiifing ahl bREil&RALGH@MpIsCdhIRS t he

above, a first enbodi nent according to the invention is

abl e t &'19c hshews ﬂF‘F‘o‘P‘HSIGE of g|dispesale pleatedimernbrans filtepdevipe

W'TGO ‘ﬁc&frﬁl IgQH 2 ﬁfﬁvén%iﬁiuﬁéﬁfjof tﬂe ?nv%hﬂbﬁ aTh@ ﬁﬂEledéw&@ﬂlcﬁldes a
'U nor e , t erengreat

| hpéid)SﬁCﬁgntlﬁé Hpté’hf@rmmtqslfattlmt threq porty é@3,(aalldt1m9ugh

t [ ug, g and

L IRIGREE h et | Ch bR BuAAOHaRR R vt ORGPt TbIdI0 1
ofommiinigroiwablith theantesdr ofthefdtes device éﬂO,obewll cleovilOs5.
accordi r st e n

filter Iﬂ%vﬁ%eﬁlonc NG ﬁ Qzéeg@%ﬁém%%}%?ﬂ@v&%ﬁﬁo afGe 1A.
| Poatsdd?2 ahd 164 ate infhdé cpmuﬁumdzﬂ)i?m \A’hﬂBthean’(énd)f)éf ihediltedidagice

| et, 104 102 i

P lgbriinith s el o Bl Ctridtbctafne O g fopitar/ B s ApStiSin' B

dew Czﬁfilt@ﬁneﬁhbdma ley\bndlzDEorefIIiEt A Eirdosiﬁol%hcllﬂsis &)rmed at or near
e | er evi ce

0
DR B state e ok LY G s e oL A AASERGR: AR ASi§bin venting

I ratr&hfdifgmﬁe ﬁh@r rhbx'nbﬁfnedﬁ&‘ ?%rf-h@ﬂg off ThaMvade. | s thelle@ic eélfirst
filter cartrid f or mred a top cap, 106, a bqttom ca

1 Gefing, withy uid dHEIR rRrim g of4he deVies mEIoL dovioss Y Bl amBphave

1%Qch 5 cfd3E BB Abr ffarRéfop fiRfabOBf #édoRE SnYf trif Bir fO4r&hd 8% of

(in this case, at the top surface) and assists in

vélm £918- Bzmramdlrtaﬁreﬁﬁghpl? HéO,thweyler rﬁﬁ%ﬁ Rreblerndueige priming is
n@wggedoéo éﬁg?lg &Nd bftrer B3seks %ﬁ@ewé;ﬁed thrdighDutfet hbz Btking

gt efprlmn eV|ce prio
dmr@r@g Quisk he dryigeos Thigdeths @MS&O& bikis h!@mbtcmormy flatigh that has

t 'B%eﬁ ?ﬂeﬁéﬁgﬁ dBrQ{?e 6% fo thh%YlﬂE{ ﬂ% AL uQderdi k&’&% Hle”
core roviding Cross however, suc
p rrafslrsam aifiowmgssoge ritegding asfdsevidiameetsr o anpter eliard gngection) of
t r : '
OAEFER8SE JeRR YSAL AN Rt 06 lors e
[ sumseﬂhb equivaleatdifingteds ofitie chass hobehl (f arld sryeathérycrosscholes in

TSABESRSHTR RISt B R R A op R Raion
diveisie ther defyive, ﬁfmbﬁlanemitﬁ the fleeddal arjngoprivchiysle desdribed further

[ Hefovna i LvoheRE 0 Heoreon b balbBarBn T and i bl L s

cross hole 110 and any other cross holes in 30 the core
may be matched to the liquid flow paths that are in fluid
communi cation with the device, in accordance with the

fl ow bal ancing principle described further below. A small

P B A 1 1 e 4 . L o 2 . e 4 b e e A N\ D | 2 . - = .. A N
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- 7 - fluid to sweep the bottom of the bow 105. The fl ow
pat h through volune 111 nmay al so have an equi val ent

di aneter that is matched to the flow paths to the devi ce,
in accordance with the fl ow bal ancing principle described
further below. The filter nenbrane 108 nmay be a pl eated
menbrane, and fornms a tight f+7-112 with the filter 5bow
105 so that the filter nediun1is supported under fluid
backpressure into the ge or sleeve surrounds

t Abidto|speep ﬁlwbcertﬁrqe‘éthewlﬂ@é 8&5 ﬂm’epatééh@ugbgohmﬁ 1 Unmay

(k:)gﬁ? 3)1 gﬁ%ﬁg%?é]gﬁta%p%e@ al?%l rﬂﬁd ge n sﬁw eét Bf]§/ ene .g%%(‘ﬁ’e

hecdrdance ivath the flovabalbacing ptlemn?&rdj:smw Tustber below. dhidilter

| st O R S e RSl PR L1 B2 it Bter

Fb6§w1 P05 so thav thevfiledr mdtburhosf\bulib@ﬂedﬁmﬂheﬂlﬁdibackmmhreahto the

T BOVh R B phfee (S wRRERS PGSR 108 JhefeP B0 b

f 1109, tbotloanes) 1(27J,&nd Hows €05 ray berieied coingohents, aad hoiytam

o TS By Ben<Eicy GF el 1120 PopE 1506 10h ey be o

b@mahddraﬁlea@ dséBREh DtHed ViRt Gevic &l @ a 6Indidd coatekt, @Gclass the
the bott m of th a%va 105.  The fgwd channel 218

tze'éeafli Enisgzispie: ehbrskan¥Nevi ce and al | ows
the fl lFId‘: b Qs §VRSPof the bBWltIOHbehetéiﬁb&&i’Menﬂ&fFIGwllNhnd 1B.

aSS|stS|nthe renoval of bubbles fromthe fluid and in

ﬁ)@rlgwr?aﬁlitwn@pbﬁ’@sd%ef bHe- 18, foums & tightditrwighwhs howl 105, a

B@Hﬁﬂé@nﬁé&? ﬂhid%}finﬁélailrs% uéeBoltdsvéy RLRAS tREGSHAABF R
that decreases as the fluid 20 travels deeper into the

bdf@p. '1“05 fluidhehening] 31 &.lp%@ovamblesagweagom,twmphwémeu ooy the top
t

8 4 By ORISR R R o
Zleﬁaﬂ‘heﬂmcéplsanmnﬂéw d;dlmnbmcatemﬂcuaptolﬂhe boBemafske dmce and
ngwfwdvi ggae:‘:’ﬂ{ﬁt%%ggagggt gXI glélrer(l?fS t?lﬁ E}g :1 PO’m lé'g,ﬁt %%g}' in the rgmoval of
efbhbbles Yrom fHherflié and irethe@fintihaidnl ofl dbat Ivalwxhtsudhwﬂu%ﬂd)h@ath

P ons b Bpid Hihnd 1180Gs o b BERTTLpie Ol Rcreditg on diecluid

| esvelB@eepdtfintoahe bBwl 165,nkefleld dpeed ivicadesas it ravelh dowelthe

2 it PERAEL 1 S feerpsBpOLIgIvE A msFd skt frpmsthe bl 105,

f whiefle itexab St dhhgeltzl St@dwﬁleeﬁ@ﬂﬁdeﬁ'hlﬁb Bteah 8ai07. MBecause the
filter menbrane 108. 30FI G is a view of the filter

c §huid hesoreashedmaxiseum saead %ftheﬁmor& sf thﬁ@%rl&ésﬂmwm&

| SinlaBr b %&oﬁmﬂgqmqmo% e dtived FuriefhHR] a£BE Y PLEVEs down
313 fornmed in the top surface of the core, which in turn

i $he ehanngl 41 & eparaof &ﬁﬂl&ﬁ PAFSeR thrRugly the ragmbrane 108. Thus, less
cross sectional area, and hence less hold-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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- 8 - port 102 (FIG 1B), so that the cross hole 310
assists in venting during primng of the device, and
subsequently conveys fluid to the outlet 102 (FIG 1B).
The internal core volune 313 is preferably centrally
| ocated, but may al so be | ocated at other positions in
the filter device to be in fluBd communication wth an
outl et 102. As 5 can be seen by the snoot hness of core
109 in FIG 3, the external surface of_ the core 109 has

ooy 163 BEG. iBs sethat thel qrpsschodm3 1 hassistpisoventing dyeipg poming ef
f r
p:tljéea AT 55?:;1?1[1% ﬁt er lycr@hb%yr%q%lggl(t%%ed)}ﬁ lteg?é?ﬁi dth 2 ?ﬁ% internal

c cons:sroﬂmhe 333 s puefdarhly conteallynorcated, butmaynalsebel bocated at bthed

OF 4A
opotifignt e 58S Atvi?f dindiyid Bmptpidftontitel S Bud @B of A
C@pn bOEeensbyt the rsﬂ‘iﬂ:lokhheb@ﬂthiﬂe 109 imﬁlm@msmethMe of the core

h ot her maa bon or att
(SRR R eV TGP 8 28 Shn HpEr R EStS oF s ker embrane
f |(¢8'bﬁ:aﬂ? APolyhéié fieshy dnd thé pleatstdfahe ﬂﬁélt mé&idm mnaeys tnetﬂmd

is1n fluid comuni catigon with the_ in]e
i #R e GERisthodi3 W in e corfe Whighein t&%ka%z@e%a i%&eﬂu Pfop%m
a (t.am)422 located at the edge of the top cap 106, which
in turn _opens into the fluid channel 218 of the bow of
FI G 2FIR- fidtien tap Jiegnef hademepp WMok the smberimet of RLGy HR¢ The

f ¥herfiily 28806 théhehd sddfioh 191 ¢aBIRHIER Qs of
t%\b%ﬁieda\ll\%nte ty 103. Ak eyanSp?oPtl onq425 may be useso

t dopdingor attwénnms neaypbe B d). oAragatraleeneningcd 1 %in the topdiap; 19§ is in
fi

AR P o ke ki Rt TR, WP Cof

f @pmmmxmtomwﬂp thet inlk@ porttlRd. Aot mhetmztmﬁroﬁl h%thﬁ rimlet slpig#20

1Qeads %ngd { :? n{)]%fél 912 %%artéés)gt (}fl é’ettﬁ(thg %FP cakol?() Og)ﬂ @ﬁnﬁ&&nopens

peni ng
n ohmhhéﬂﬁld‘ dranhéle2 NBasit the bowbef F]CbrﬂedAath%bxdpmsﬁgp d24 form
t n sl 426forrre aroun hethomed f th
b it Mo Btk B e dar iy Bue e eV i the
I Neﬁt patolioh Adkying pdiiﬁoﬂ @D niytiuséd 3o orient the tdpcapsiOs tb liee
fl.ow atte[}gf({wou LlI‘}%flrst enbodi nent is as foll ows.

leﬁﬁﬁi qign "WIREt hr ough inlet port 104 of

the h tef]ﬂe” ahm i9 ralbutatbm ?icﬁﬂgt}z@t@ ﬁpelmsrtgfttﬁa&n%df&ﬁb?t bPPIG. 1B.
cap, roug lne otcC , wn e sl de O

boMre GeRFBLRRF LI oriheaoutﬁ‘é PPFqg?o\%ﬁ %fg tmp ot PR 104,
| i4ditke AbtSR 405 G¥Sthe %ﬁﬁﬁit fopeartdd sceh dPEnial ohtH U BRttbAEside of

menbr ane 108, towards t core 109. Liquid also flows out

ofthe 1P 998t Y08m Td¥e noethfet fop the vamy l%w@p%neéwé thydeepest pprtof@ thin
b%\nét H@Formiéd ﬁrouhh eme Bion B@ESt thd tgpcHp 10w wmms@ia@ iA@Rnting

the filtered liquid flows through the cross -
1 1amd copprads B‘&QE’&@EN&? 422 do Hte ‘telﬂén?@b 4d3p, and out t hr ough

outlet Rqft da%o% 1 C@ﬁéﬁﬁ 109t dfidodifddst %Q%ﬂ‘&wh Liguid to

withint e1|qU|d lected at and vente t hroug
vt filprsed entes, thmwhnles pe Al of the head région AP bt flpuy intd opening

o%og(?g{’%e B é Si %{emi%i%? ﬁéhq%zb%ﬁpgéﬁré F‘Eéjﬁ%gﬁtg? :bégﬁ %“0“8}‘

slatannel 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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5 426 on the bottom side of the top cap 106, and rise via
notch 423 into the passage 424 that |eads to the vent
port 103. Also, the inlet port 104 nay be directly
connected to the vent port 103 through a connection
within the head region 101 (not shown). It will be
appreci ated that other flow paélterns nay be used in
accordance wi th enbodi nents of the invention, such as

i nside-out flow patterns and tangential 10flow filtration
plltQy énvtp passagewand Kt of thatoreap, and ovethroyshrquilet post 182 gifhechead

g%gm%el “(?zfﬁeo%bbfés Jﬁﬁm He a}é Mee%eggwana b@nﬁa BRSEah the

cte a secon accor
i vene poitdf3, whishds connscipditd eht: mltu ipopoddiznd thq: indefrsidienf the flow
W e I
ol EREE, BB P e BPEIONGSL W, el 't
A6 bothedattiont dd@ofithictiop yar 584, rand trise #ia MechidZiitte |t}m passage

R A T T T e S g

hedrretigd ¥®theRnt Pért T0B througiea caitbction twithim thel Hvad eegies 101 (not

v tlng eff Clenc conp on with conventi opal
AP GFod 0 Gl S108Y PR DY DRUS L Bipcpgrdance

S%ﬂﬁréniﬁoﬂuﬁérﬂﬁbbﬁieqmédﬂﬁmbm&%hﬁﬁ@e oIS Pattérdd and nﬁ’al
uni tar‘yT structure for,  the bow, core, and bottom cap

hieydilfrationspriteans i imlat outlel andtert pests. forexample, anay b
Aokhicl 84 dﬂ‘fe\férﬁ%oﬁﬁg%ﬂbﬂsgtﬂaﬁ thdie sepreiad enbodi nent may

use several features discussed above for the first
enbodi FbR secorlé @w@pém@ acgording tothe inysntien thery ihaxprided a

C I

BB BhIHIRG Uy RUMIBRINI bR i Ghe, SRy Sl it (TN A6
f embedlmmuueamm itlapt theeboyhicore pod bﬁmmy:amerfoangé nﬁp au uautary

PR, 10 eh ekl Syt PR R OB fleck Mn bl o

nsingleaholdedsteuctarfe).c Bosts am einbsditment mduegs lﬁdldﬂnb \fcﬂmtre,t nwnlng

f.l h
ohimecirhard et Rt ficitag B ePRkaiin P Phroipnl
Ca¢wicdsO EiRsinitary strocemtielighinites thermeed o swespf dit frem betowrthae

durin ri of the deV|ce and s entl conv
C bobat B TR o g it SO IET B Dot i i Dot cap
f he @chﬁﬁﬂ@é fafi@fcieingRbel €or the d&hﬁeJ nl et and outlet flow

pat he filter device accor otheflo
bal anc Aq’e} tefr deyigecgording o the ge ST 1ER Swerahpfithe

t Rndred BREused MoveaBr TRYfiBEethPodRRnt. OF St 8PV, €I fiRerddevice
process that uses a fixturing FIG 5A shows . a

1 N,
uRlay d1aye B RRge eiotleevesiEroyBding ﬁﬁ%ﬁbetf, the fltgrideyice K peet tight

aﬁ@ BENRA thloteSEaRBEr QTR NG HheRhml i thO¥ER!, ioPliondlly with a
this enbodi nent, a_unit ar{
fluid channel down the side of the bowl; the core of the filter device may have 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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5 structure 514 includes a bow 505, a core region 509,
and a bottom cap region 507. The core region 509 incl udes
a cross hole 510 at or near the top surface of the core
for assisting with venting during primng, and
subsequently conveying fluid to the outlet, in a simlar
fashion to the cross hole 110 f-the enbodi nent of FIG
1B. The unitary structure 514 may be nol ded, for exanpl e,
of high density polyethyl ene. 10 FIG 5B shows a cross

s discussad fuhenbelstwitand thenfilter’ s toposaip, masobejoirgsiitoribe devieciayn

r é‘é‘%"gﬁs @%f?&%gtq%%%gaghﬁegfén gggvvl ggdbg\rMosgoﬁol gor5(130
FI G 6AI6h6Asshaws masstagebewlh nate, sndbottdm gap &vsehltdraidvice,
2 Bt aS e BrofR et & e B puiof ShP oy OB o iy

sertictore Mnslweé abotvb 505 at coné rdgicis509, AndadoitBm sapfregioad07.

R roBtn. 10 Boeet e ey 105t SRR bisaftats of B v
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is a quarter section view of the asse
demntme' hsfwl pere2Endcdstoait pamtacedrdinigto tigpembodinient ohEKIS. SA and

o A rﬂxegé’} c,titoggirog Ui SQ’S‘S tt{.ég r%tfgggg‘g T&rﬁﬁq Bﬁg%qeﬁqg the unitary

!—l'_

uni tar
atbo@d,dwm,enw hattoamcapniddd i Anfitter ofentbnand 608cis tpotied dtrb:elyt tophe

7 ORGP HERRoRTED T Shhifss spseBlion BY by S0 485 BB B3R 510

hav or acHtiitsabp slirfabea Mitedilter bitah brand 608 triag hershmtlaﬂbdhmdfltm

T T R
e lmQ;iVTl?ﬂie 1g§1d_é betherboe\gtsmsn A g:ipwaﬂ hGDBﬁﬁi&ﬁfaGest\hiﬂ@ tl@fhwﬁ sectnon
B pOF 3 SOF a0 10F K SR TAUROR b8kt e heifhtocgy 101 and

gp h‘ !?(156 oflFROEE: i sigiidar Blid ﬂ@wﬁﬁ&bﬁm tl&@ﬁ@l@&id pOits, top cap,
/or tubing that are in flui communi cation with t

f| HeéFn%%k?}F‘B% and £pes 35, Inthe WB‘QF&%PF}E@ 1By sj zing and

nunber i 11gs. (6B fal rehANBElch vithZst thd asiiBIc MR RPickQf the
rou hly equal the size of the plunbing that is in fluid 5

oeRt 1G5 6N, shroviag icad seotiee 61%5 @pisep VP uitergremprane
d%dsc&&&ﬂté}?bﬁwld&@%h ttdIRuhp gflyersely affecting the

devi ce's performance su as by increasing its pressure

dr op. G@r@p@ﬂdlasxce with ag eothodimentaf the myentien theienicap pad bead
e, 1 PHENIRAE Gudl s ob 059808 AS0GE DUCHD A my
artg dasrgnedm have guesdent dianeiers that miteh tevinkee antandtleirﬂgm paths

bhl e a ucI eation sites.
Van%%gevd?? ?%c?’gﬁp&é §S| blbeaq?% %ﬁ? }%‘g iy be used to
ac hi eveMokoperzadl b i agrordance wdihna erthbodiacanpf the nweanon, ﬂuld

hni di scu Win c nect Fo
o iopatndy Byt s DR ek o oo oep ity adj SiVatefi"
cross-sectional area may typically be used to determ ne
an equi val ent dianmeter; or, for turbulent flow through a
non-circul ar passage, a hydraulic dianmeter may be 15
used, where =
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for cross-sectional area A and perineter P of the
passage. Ot her expressions nmay al so be used to determ ne
an equi val ent di anmeter, such as formul ati ons published by
ASHRAE (the Anerican Society of Heating, Refrigeration,
and Air-Conditioning 20 Engi neers) or other standards
organi zati ons, for exanple ferlldeterm ning the equi val ent
di aneter of a rectangular duct. For nultiple cross holes

in a core, for exanple, the sumof the equival ent

diiametes fer Ridflesv doessaotisxtesd thaymbléeafraq@w@l@nédpametqr o€ any of
egqui e t

oY gt o R By b8 ARt bR Qo it filer
f déwiesr (}ﬂmm,C&Ithalanmng’s 3yosizihg apd nmhﬂvenhg; thehﬂow ichainedwidize

nbodi at
o PORRR 8 S5 Py Ripalihe Yo plpE M tinelnd S pRE £ o
bedmamahicgtipn wiidi the deﬁes,ahe held- Wemeldf t]ichée\tuha ¢ah be mlmmlzed
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CBrBou T bisel atfEime T Ists Beamisnge ek o+ Py frsdutre it ©
| ﬁfeﬁﬁﬁ§ efop NGéleralBy, @kin U&ﬁsn@ﬂhﬁc@s@b&ch@halfdrﬂw ipdidflewRhinhels
t%\ﬂi ered or st ecggée (5) t7 iS a cross d;ectl .onal
pr devicq qcsprding £ hodimenhgf the ipyentign tepds 1 mipigyee
Céﬂfa%si%ﬁ%ﬂ Qen&hawnqs&és%}e a:@»paﬁpme@@me Wd diedted Rbd Bubble
enbodi nent of the 12 - inventjon. a si m | ar fashion

t entrapanenyt pad bahlale guelsaon s VAsins dlfﬁerﬂ!q Rospiblefeehniggs may
gggﬂ&ﬁb%%f&& P Bllardd &élh&ﬁg fE?@Q&:ﬁBI% ﬁ@%cc}ﬁ:@&deqm&é&d

and core 709 is enclosed I n a 05 and

s belowain cmllectwnnmh EYapt.i E@smmhrélur@mamgpsmmg%m flow, a

t

580, B0 PR LR el i s R L8 o
Cc cﬁwrelutbluﬁnt sy ﬂnrmah abbreciredsspaseage; o hydxlaslm dianteterfDiomay be
bal a}ﬂcihn%apri nci pl e descri bed above, if Dis defined to
b&the Rl | est diameter | qui d connection, port, or
plunmbing that is in fly d daggmunication with the filter
device, then the nmaxi Tngide diameter Dc of the
vari abl e cross section flow path 715 should be nade to

ederairogysectienal arq@Dd and peximgtar Pt ofehe paisagm| Qer mygpressions may

PhisB ‘Hemsg & H&gxtnﬁhg%g egﬁﬁgf 5{ @3hbter! H\%h\r‘;x? 'fbl?rmlﬁtl&fs%%hshed by

sectl on vary shoot
i m&H&AEc(ttmsmecan Snabtydmfetmleg, &sfngemtloasamt AmGMItmrung

2¥islebil) bt Gined stah$418L ARh 2B %&r@xga.&éﬂfo %ggf.aﬂﬁgg the

t I&qunvapnsdlmtm offa red:tenglﬂmedtﬁ:ﬁ P@gﬁultmlcsg;oss h@les:rmassore for

hol 71 b

o Ritinaeyhelfin She tatibalsRe FRineRS; REFe i nofis FRLE mpre to

oitjhaltthé bwa&ﬁuniﬁstembeﬂletmmstalmnépom‘ the outI et flow
th 715 t al ent et f .t.h . .

Peber TBecgaetct e TR FtHadie b is i Toriopcs Bltatqvige tat i

OWkrdally §ihfilr paite firkbandSpeond emabdlfynentMay Feabiire 200k Bithth

Ofvaggble cxt':cgscsJ Ségctpo%l ﬁov% Q)%t Ltd tobteake 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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where N is the total nunber of cross holes; and, after

the i-th cross hole, the cross sectional dianmeter Dc.; of
the outlet flow path 715 should be Dc,, =id . It should

be appreciated, in applying the flow bal ancing principle
descri bed 25above, that each cross hole 710 is taken as
extending all the way across {ie-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
ednyeptipenin gl bimitar dashign tohthe firgandisetand ephpdimentss hEHer ¢astridge

¢ Q@Hx %ﬁlg to{)J Iagp 663' | fhifer. n&ler ergﬂgtbfsﬁoﬁ%ﬁ{ ¢d °ﬂ)7°t¢m§ U&ﬂ% 709 is

chan be ’consi I nst an éonstriction
7 t8closed inax mwll )5 dniddwag aedtionhitilll, @vhid ®@np1'tsns paes 02 asd 704.

t smal l.est . dia of t out
s E;gqv'/evg{ ﬁghet Gore 9@? %? ?ec%xmen ot uﬁ t?)?%gole;r 17 EO 1ntersect
bevit ddbutlet flewdgath G5 i&rmthe?eﬁbiﬂe tHanhys 4 ha‘ldbilcﬂcnods sectlibﬁ Usmg
ro should b ons:d d in.the.flow bal ancin

e B SRR et SRS BBy, e ¥ et Obe i hnest
p rd%;ﬁétéﬁh@[ﬁ@ Rofusdctibhpird or iphuhbingtthdt s Bf fluid tcefrdmiinicdthinngith
suc

rrangenment as.in the enbodi t FIG., 7, fluid.
¢ S B devibothep B s iR OTGRo o ST dre g arEbIfisa0ss Section
|WS&hUﬁS@HQﬁldeeQﬁﬁdeﬂé'eﬁ&aﬂi%eand 5into the outlet
flow path 715. It should be appreciated that the outl et

flow path 715 may varyH4ai ¢t her ways than that shown in

F |Lﬁdex7 the MRviBAshdiRe ?uh&pletﬁv&gb'l%\ﬂeo @’@eﬁﬁ%\’}e ithd PAridbIAEHR:E .

the cross section he outlet flow path 715 may change

i rseetian Bowipath B> m& vy SEORHIN fious apdmbid crossrigctienpl \qlwter

Q65! 3 RhctRANd 1B @l BIG. 7, towards the bottom of the core 709), to a
maximum cross-sectional diameter of D¢ (in FIG. 7, at the top surface of the core
709). Also, the cross holes 710 (of which there may be one, two, or more) should be
spaced and sized such that they intersect the outlet flow path 715 when the diameter
of the outlet flow path 715 is equal to the equivalent diameter of the number of cross
holes that have already intersected the outlet flow path 715. Specifically, the cross
section d of each cross hole should be

a=2c
N

where N is the total number of cross holes; and, after the i-th cross hole, the cross
sectional diameter D¢; of the outlet flow path 715 should be
Dc,i=id .

It 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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FIG 8 is a cross-sectional viewillustrating a

manuf acturing process in which 10 a top cap is joined to
the filter nenbrane and core using a fixturing pin, in
accordance with an enbodi nent of the invention. In this
enbodi nent, a top cap 806, filter nenbrane 808, bottom
cap 807, and core 809 are used3n a filter device simlar
to the enbodi nents described herein. In conventional

manuf acturing processes, the top cap is heated for
s8awinathst shouldebmmmm invth¢ 8hwdfalanginge sud pet the vesnilow@ath,

th
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ccordanc nvention

at
R R R S AT
- with an émbEdiARAE oMY 1hﬁerﬂﬁ$)ﬁdlseﬁlﬂxﬁi&'ylgbﬁm gBb6le fil @pthe central

v ous materjals,. i ncludjng poly er am
gl%%’%l’aasﬁ%gec%fr bBﬂe"‘ﬁ?‘w&’%ﬁ'ﬁ;ﬁ’%g’é’c?aBés B@J%@e‘gt?p‘ﬁ% device. Basause
Sttlﬁélﬁkthhhﬁg piiOB1GHHS hptthe/ﬂommge tBE nhﬂteﬁlﬂlis@ﬂﬁnisb&hlf/lfmv into
by the attachnent of chem noi eti es

addBrid RINRIROKE SRR /£ S@afﬁa?aéshttlﬁ éi‘tas‘}’i"ﬁja%’é? a0t interfores

| ek fRid K1ty k! nokhm%rda S@ga‘sldnt}eals@b@ IS © re ER VD T1RNBSIten

made of _any nunber, of ymers, such

pdlastiet The Mxsing wwSéﬁéS ﬂm ry@av%%&eéhe BEPyfcHpines® is
p%xﬁ,qg}gr sul fone and pol yvinylidene fluoride, as well as
stainless steel and ceram c nenbranes; nenbranes with

act i ve WUsingembadimentainrcgordanes with faosetdesrringdchesgin arftlter device

RAR 206 ﬁhka&lasﬁa*e&&sw RolBPY Alfe SWithaGSH dprébiablé Rerease

exchiange re I ns ctivated
1n 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 osmosis
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10car bon, ligands for specific solutes); epoxy seal ed
filter elenments; connecting ports at right angles to the
body of the housing, as well as connecting ports that my
not be parallel to each other. It should also be

recogni zed that even though reference has been nade to
the needs of the sem conducterdi-ndustry, other industries
have sim | ar requirenents, as for exanple the nuclear,

bi ol ogi cal , biotechnol ogi cal, and 15phar maceutica

i mcnbtarice syayi e wescandsmby made framn naBoNs BAEralssmcliding
f||ter I L e
a%()l e a?rp aﬁ?,h&? ?hggaﬁ ﬁglcgﬁio'h G m g also be dskd 30 QpFbrP

rst, secon etc. enbodinents
hanetires ﬁorradsmpueel résinshor bé syrficevaedifiod by ke attasbment @fich

d sC r
iralmofueT fp A5 abr R dEge, HA Bttt ik bl e pcd
t hﬂcﬁxdersfyb&at wotindasd diee ?ltpﬁélbhﬁﬁisatﬂemhs&rwmaﬂ&daf@eg oninpegof
with references to ef er t e Wil |
EOFRsEH SERE By EHBLEO BRI 0, PRVPHECAE RAATORE T e
Chayedersulfoh® bhd Eﬂﬁvﬁ@hdéxl\ésﬂ{my’deb as etleststubilessrsten] hhd ogramic
departing fromt scope, of the i nvenbwg tﬁ tg felssed bé/the
{ MEMpSAREFIEEMY mbraparvith dctive adserbaptRraBnR ViR BF STHENS &
meﬁlﬂrhﬁé & at&%ﬁé&ﬁ) the mdnBtihélsdrifddes d.¢.0fbon éxldRari@R\esifs, activated
2‘r}}';rls,lng filter bowl; a filter nbr ane cont ai ned

ph, lighads fon oeciBisPITtes)=eNIEH AU FHIGHC B SyHGpE ports
:élés% fle W@ﬁo@sﬁﬁg ak vsye@laa“stcoﬂﬂ@ctmgfﬂoﬂs that may not

conn%cto Iter core surround
f be perallebteeash ethein I@bpgldoﬁés%‘a? res@gniged thakeysn tbevglwlf%vence

aﬂ s ﬁ%nhtﬁﬁﬁéjﬁ tﬁ? E\E@d%eofﬁ% Lé?x‘?icf)b%ﬁc?c;r 1Fi@\‘ﬁ4tryf Bt} fiudtries Blbe

e fl rane ter “core canprising
ammmeaseqmmnmtws findempbatic nEinandiolsicel, dote¢hmolggical, and

RS 206 S AR Rus B sCirSh R b A, R6h AT G AT tG1eeRT LD
replacement are also critical.
It should be appreciated that although first, second, etc. embodiments have

been referred to herein, inventive features of each described embodiment may be
used separately or in combination, in accordance with the invention.

While this invention has been particularly shown and described with
references to preferred embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.



filter core and being open on both of its ends to fluid
communi cation with the filter nenbrane, each cross hole
of the at |east one cross hole having an equivalent fluid
fl ow di ameter, the outside surface of the filter core not
permtting fluid conmunication of the filter nmenbrane
with an internal core 20volune of the filter core except
via the at |east one cross hepaMS the filter device
being in fluid comunication with a plurality of liquid
pat hways, at |east one pathway of the plurality of Iiquid
pat hways Wﬁg agnedd®l | est equi val ent fluid flow di aneter
of the plurality of Iiquid pathways; and the sum of the
equi val enty, fl umiltéﬂd@wcedfoar@tceﬁlﬁat@h, th\@vitk cdng@singone cross
25hol e being ro La/ equal to the smallest equival ent
fluid flow di a i 't he plurality of liquid pathways.
2. A filter desfilee mambafckiongintdwithimihnfilier bowt;t her

gg{i‘p :) ImS IC 28 Su Bg era? F (%P clg])m];)?gante at easttoe [ 1Pgﬁcggne%ﬁ?ar§lé? %ﬁt one

core, bot tooirlntc(amcuamlhdfl [ ter bOV\A bel ng fornmed into a

unitary str uctyg@erto@s%réwtdeh et ARUASAREAR LG LoREI G ™

1, wherein th rises
wi t hi n andhedllignepra 4nd ap n@d@l@n@#e qf e fiten hoayl fasming a siglt it prith

fluid Comiﬂér}ilt%%h%}aﬂ@' &Qﬁﬁé? cbn@%bnﬂﬁ;sﬁm?%f l%ﬁorféfcrdsﬂ%lé bicher
bowl that Is on P posite 35end | ter devi ce
ca

fAdm t he H@aﬂh%f‘e‘?ftﬂ?ed‘ﬁ 1 A Fosghele %’ﬁ%‘ﬁﬁé?"r&%@tﬂ@rﬁ‘éﬂ“ﬁ&r gf the

16 - | engtfinedoRNt@d Bél@gd §b1d&)t19$f 1is|aﬁdsftd) fhi@ ond@iicatisromitiathe
top cap of the filter devi ‘?a %ens |nt?1{§he head

section, tYermARGrae; geh Lo %} & one progs ol baring Hat i s
on the oppsidiat fidfiol dametef, tHeto&@ddﬁLtfa@@of&lredmetdWe{fwad
section, and. .ng fluid.al t A
FoTtor e iouti B iy iudh Sk ARF e R v itpryfhgore
channel cwmume otthe fltaraoic aklept viarths® lmgone onslhokrea. 5. A

L0 0052 AL s AL B o

sectional area 0 reaches a mni
near est t Ipethivaysi aléeasiond pethevagbf thiplufajitytod Hiquid pathways having a

smallest equivalent fluid flow diameter of the plurality of liquid pathways; and
the sum of the equivalent fluid flow diameters of the at least one cross
25 hole being roughly equal to the smallest equivalent fluid flow diameter of the

plurality of liquid pathways.

2. A filter device according to claim 1, further comprising a bottom cap
of the filter membrane, the bottom cap supporting the filter membrane, the

30 filter core, bottom cap, and filter bowl being formed into a unitary structure.

3. A filter device according to claim 1, wherein the filter bowl comprises
a fluid channel within and along the inside of the filter bowl and in fluid
communication with an inside surface of the filter bowl that is on the opposite

35 end of the filter device from the head section, the fluid channel extending a



bow that is on the opposite end of the filter device
fromthe head section. 6. Afilter device according to
claim1l1l, wherein an external surface of the filter core
is grooveless. 15 7. Afilter-Hevice for liquid
filtration, the filter device conprising: a filter bow ;

a filter hesthrainne thednsidaiofel filigrdpwHranmatop pap b theftigr device that

a head seghif mt&mgﬁtfaﬂ%écﬂgn & thé BRad su?fﬂ@e dfme%ep&wm%t i96n
and at | east one 20outl et connector; ilter

core sur r difrieepitegndoh @efﬁrltFrtdéY“"h%%F‘ﬁﬁ@d segioR 3pd g‘ﬂ@ng fluid

surface ofal(ﬁ,?gleﬂdnbﬁl,er core and an inside surface of the
filter bowl formng a tight fit with the filter nenbrane,
the filter core conprising at |east one cross hole, each
cross hol 4. of Alﬁﬂelaiewbﬁa;&trdlﬁgl& obdire S swikeediiethe Ririé o kkinAg)
across the di anet 9 |ter core and being open

on both ofcorf‘{’rése%?}‘éaga'f %chTSﬁF°§° %ﬁﬁ’?jnl cation with the

filter menbrane, the outside surface of the filter core

not perm t Ui m:']Atfllt«kbjlJ cgwgeo Hllng f%t la?rﬁ 4Qx$/heﬁ‘411?th£ EJoEs%Ecti‘SﬁﬁQx‘e%F

with an |nternal core vol ume ter core excep
vild t he atthd fb@dscthambremhmmnwgt ncarest the inside surfage effbsﬁltchol e

of the at p|,&asl: iONGnOippbdie o ARR e} &SicPRbM %elheaﬁgeaﬁ)nat

or 30near a surface of the filter core nearest to
head section and being in fl UId comruni cati on W|th the at

| east one gout | g 1GQURAEELBbrding toJCYa'lm 18whefeid Ar dxBFnafl @¥ia&eof the
according to claim7, wherein each cross hole of the at

| east one MPIFOE IRGPRVES an equi valent fluid flow
disanmet er ; and wherein the filter device is in fluid

commu cat on Wl BB B Rl A B R
Shaving a snal aiﬁlsdrbaqlui vaI ent fluid flow d| ameter of the
plurality of I} ﬂlVer meglg fand @ htiined within the filter bowl;
a head section comprising at least one inlet connector and at least one
20 outlet connector; and
a filter core surrounded by the filter membrane, an outside surface of
the filter core and an inside surface of the filter bowl forming a tight fit with
the filtcr membrane, the filter core comprising at least one cross hole, each
cross hole of the at least one cross hole extending across the diameter of the
25 filter core and being open on both of its ends to fluid communication with the
filter membrane, the outside surface of the filter core not permitting fluid
communication of the filter membrane with an internal core volume of the
filter core except via the at least one cross hole;
a cross hole of the at least one of the cross holes being located at or
30 near a surface of the filter core nearest to the head section and being in fluid

communication with the at least one outlet connector.



and wherein the sumof the equivalent fluid flow

di aneters of the at |east one cross hole is roughly equal
to the smallest equivalent fluid flow dianeter of the
plurality of liquid pathways.-1b- 9. A filter device
according to claim7, wherein the filter core conprises
an interndt floifersisyindpesoriing o oA 7oubrRimFaEhEPSholiof heghe
EU“ et C0r]&@ﬁ{n@ﬁrtoss?lleﬂ_hgfﬁlreqﬁi{%&ﬁﬂuiH mlbﬁrdlr']hﬁﬂetef;' ui d pﬁlt hway
as an equival en ui ow di aneter that .is rou )
caual o memadereiiil it e o P aCePBR DB IEY Birely

pl UL al iht yfois lﬁ@ﬁd bagmﬂysj aﬂadsfmp&hﬁ%vﬁyl dfithei pthraioneiliauidehith@tys

Wi the filter vice. 10 . i l.ter devyic cording to
ol i m o, Jigper s el ho g e e e gRGH A
vari ?blf q:pthwsyssfpltitonald di aneter. 2011. A process for
manufacturing a filter. deyi :
heating a top %ngﬁ‘_' h(e)!iemt_tﬁeefuﬁ (ff% e re&"gg%él?%g&? gﬁggﬁg@%%}{f [e}'g at

t enper at urle@staine whisdhleds foighiyeaquatiorbe smallestaguitséenf Biiddowt o
the top c meter of the pIa ggﬁ@gcﬁ%{w%yrl ng device into an

internal flow passagewa ter device; 25jo0ining
tH® filter nenbrane to the top cap at the el evated

tenperat urge; aRGiter device ABHMME RLIFAE, Whotdidiht RerdENicERprises
after the top cap has cool ed bel ow t he el evat ed

t enper at ur intqrg flpidpptyayia i ideomipupiation itk i€y gonnector,
C _Oifﬁr i Sit E&hcfl }'%Fc?eifl itﬂgtir\sli\fmab @Mdd;paﬁawag;] thals gﬁ ediBARAEMIA Tondiahaead
within the filter bow ; a he ectiop comprisin
at |east O ‘sir?ﬁgélty e&%ﬁ’é‘csfr‘épesh‘?f’alvﬁl?“tlr@‘égsdowocﬁaéneg?ﬁto?%?lumgty

cannect or ;of &fdd pathwhky8in-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.

20 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;
inserting‘a fixturing device into an internal flow passageway of the
filter device;
25 joining the filter membrane to the top cap at the elevated temperature;
and
removing the fixturing device after the top cap has cooled below the
elevated temperature;
the filter device, when manufactured, comprising:
30 a filter bowl,
a filter membrane contained within the filter bowl;
a head section comprising at least one inlet connector and at

least one outlet connector; and



a filter core surrounded by the filter nmenbrane, an
outside surface of the filter core and an inside surface
of the filter bowl contacting the filter nmenbrane, the
filter core conprising at |east8one cross hole, each
cross bole of the at_|east one cross hole extendin

Sacross the di anet éiltgFeorarreyndeddy thedfilier membrans; ﬂb"‘g%n on

both of its enﬁﬁfaée%fiﬂelﬁltgr &)mm mahd mfawolfmemh@r Howk t er
menbr ane; ross_hole o east one of the

cross hol es be?%ﬁ‘@‘l%‘é&@@r QFmWFnen@‘ﬁiﬁﬁ%[ QPR BIng L eprhone
filter core ne&bﬁiﬁble,teﬁclt di&ss haadftﬁeﬂuetaﬁtrmnandssheleregtemdﬂng

fluid co glocgctrcl)sg{l]le \clﬁameter gﬁ’he%ter ceoreS z}n ngg gpen on Both of its ends

. cohnector.

to fluid communication with the filter membrane;

a cross hole of the at least one of the cross holes being located
at or near a surface of the filter core nearest to the head section and
being in fluid communication with the at least one outlet connector.
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