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WO 2008/ 024070 PCT/ S&006/ 000242 M CROFLU DI C

FILTRATION UNI T, DEVI CE AND METHODS THERECF [ 001] The
wWee@seno7o nvention relates to the field of PCT/SG2006/000242

mcrofluidics, and nore particularly to mcrofluidic

fmiCROFLUIDIC |F1I|STRATIENN.GRE[JN]IEWCE‘MD WERHODS THtEREOF

In recent years, mcrofluidic filtration devices, nore

commonly known as mcrofilters, have cone to play an

[Ogﬂ;orfﬁ@ rEaQeﬁ’( ifyehfidh %Iﬁ%§ﬁgp‘ch@ AER Bf YhirFofluldics, and more

ystenms 1 n wh ey are required for the
pa&@@ﬂémytmmlaf)ﬂmdrdﬂtram unith mi cro- and nano- scale

sizes fromsnall volunes of liquid of several hundred
mcrolitres, typically biological sanples containing

mcroscopi ¢ celd ACRGHBUNI DFTHELIRAENTIONOUS types

of mcrofilters have lﬁ%en deve oped and can be broadly
15 categorised as either active or passive

fil fil i
[0GPT  slsvecentyeas: IerBRyidic:AGRLPR deticeisomarb oty Kiown as
m&k@#l%&é I RRNAQ B e tdThRyChh ibPloftan I%' Ylelal?i‘-&’i-ﬁdelé ®icgmolecular

€ various sleve-type mcrofilters. Wile active
ardlgtica isystenss mrwhm:hﬂhbyearefreﬁwrecélfomﬂ;tepsemarailm of particles with
present in |ow conce ratlo in

sa
m@@m@nﬂ,m rerpnoem \fogurgpg cgfp Irlﬂ},'(erOf shev%al hundred
7ol AR 3oRbRaR St SN Rsct b geti aricie
devel opnent of passive type mcrofilters, especially
for disposable mcrafl dIC devi ces e
[083h1 | YanpBRIYPRRAT M ety bV PeeDfieastf afficcan Be broady
caﬂ@l{;i,pﬁéed 23s | OfHdr Pa?ﬁ%v%r"}e)ﬁégfly haEffiltér. CExbahples of active

hori zontal screen structure arrange
midrbfilitersa andual ulilnamrgo whiierbfiters, sampoeetic ovmiarefilters, and

d.@{a}l@%&pﬁ%ﬁg Sm{;:éo etgeo qsg\élr%gsnéléfpgqtgar tlé&lhﬁé n%gpnes fs(ljeve-’type
Eﬁr@ﬁﬁér@g viPRild b&#@mu‘ﬁ@ﬂﬁ%“ét@éﬁ&&olér& iU rifg8idrti6Rs present in

scribe mcrofilters having porous polyner menbrane
lows coheerftrdtions inl &semple, mﬂrweatlonalammmw@@ﬁgwseare S|mp|er in
general |y |ess

ff f, al
BB BT Bl CEPTHGE bl G088 e boon
cbﬁiﬂﬁ] t dfr@cfe‘dr &@\Nércfsat?ﬁé Céé‘l/é]ﬁpﬂh%ﬁh Nbf Llﬁssﬂ/ia tyse ymorofilters,

| arge pores are randomy forned
especialy @r\msposeblqamcroﬂundhedmm thes are jused in @pglications meant

particles to be ca arelnewtablylost 1 W
105 SRBUIES AOIPIOTSEbBGT gt 342

[004] Passive microfilters typically comprise a horizontal screen structure
arranged within a channel through which the sample flows to prevent the
movement of oversized particles. One class of passive microfilters comprise a
membrane for trapping particles. WO 2004/074169 and US 6,811,695 describe
microfilters having porous polymer membranes as the filter element. Polymeric
membranes are generally less effective for mechanical filtration. Due to the
statistical pore size distribution inherent to current fabrication techniques of
polymer membranes, small and large pores are randomly formed in any given

sample of the membrane filter, and particles to be captured are inevitably lost
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t hrough these | arge pores, resulting in |ow trapping
ef ficiencies. [005] Another type of passive

wore@sot4ord er is known as the Hfilter, devel opedI/B§g2006/000242
Brody and Yager. The Hfilter relies on the diffusive

thraugh nigedeetange posa, aesulting & loanirapping wificieRcies: or der to
passi vely separate small particles froma sanpl e which
contains both small and | arge particles. By

[06%nt rﬁ%(%thﬁgt Eof! ﬂ%éfvéﬁﬁc‘?éfﬁé‘r' |QWn0\Wﬁte@th@fH1fiﬁér developed by
adj acen nar ‘streans and eonetry of the

Brobwmi YapenuTie Hfiilten relies d)lartha iffusive Jniing batweere adjacent

Iar%ﬁrsa}cgag@mgg@g%r taﬂl;{)fql%sfyrég?fﬁpsgrr ‘:"fﬁlnﬁggﬁg@%&g f'i?c% a sample
wl]'ilﬁi(:e bitafid b{:ﬂh@nél@ aﬁdflé §‘?Jérf?clé§‘ %Q@oﬂ%lﬁﬁ@ fHe Iﬁp'ljeémaam flow

ylso ating t romt | arger particles.
rasaofpihe, adjacaht lapenar sﬂrwnmand thecgeQne rof.themtaanel through

o k5t o e 0L B, e con e
re%@i%m naltug‘zﬂiégcddﬁf Prr%ﬂ%‘arﬂéleé effe it sGfiibient tlﬁ@ﬂ) aiffoset to the

use 10 mcrons. The snmalle

adjacant gitrszinn, thereby issdating thene diginh ;thﬁd&@eﬁﬂ%@,@% heor example,
AT Ie E5 A S P BN GE A S5 s
dlﬁ’@&? 1r§‘?\ Bt Y)ﬂ])pb"dtﬁ’{%tl ys‘é%oﬁé%' Hfuse q0ohidrbRs SHowever, larger

from'si’l rcon have been disclosed by WIdi n8
pe&’clcle‘s $With dsmgd Hhood Kells; keged_abagut; 1@mingtes Jo; diffyse AP gnicrons.
fner

Tl%;$ma gt é@@yogw gaﬁﬁqss\gnld’eagn)bmqvg aclr%) eﬁxlségﬂ}’g% %ﬁggm to the
R BB AF i BOFE B depBraRat irdn i1 el bibbd .

require ow. Pillar-type mcrofllters of ten
suffer from high flowre3|stance and high senS|t|V|ty

B PRF ot B el PO SRR (B e
b&&Phis I%%EH Wndﬁrigpst aPEVITEAG, pf NrtcﬁaauaJraHeag,J HV|ch|a G.;

pores openi ng are [ ed up and bl ocked. Aft

Shefifmerd MfAUSﬁQrtlmmePaAUah@Ithm $89%129ar93- &9@}3 3&‘@ ¢qyaprise a
! Lt _and .t
4'?'6’96%:%%3 g@gmge strg Lﬁrﬁ piAged %ésrgg? tﬁgspéhsﬁwrpﬁgls'r\g@tch fluid is

ré%u%d%‘?fo@\ﬂﬁlﬂéﬂ-fg/ Brrﬁﬁ:%fﬂt%r@bftbh@suﬁek fr@rrshlghmuw resistance and
creates difficulties in elnlectlon of th

hlghmﬂrfsmwnydotcﬂeg@iegl tigh saﬂsmwgythp qggnr@omﬁanﬁﬁgat the filter will
c%eqat(oa |];ogt erm Cr@hgéltxﬁ rtOQ%H{HS bf tlﬁ‘}%tapseﬁi&f of |t8 available

damaged

pbré%(ébéi{h@b?éwé@ u%r@hd Bldekaa. Aﬂéﬂar;ﬁihodsaﬂ (53e theraccumulatlon
anal ysis.” I n view of these grobl ens, atte

ts. h
obpariclaseaicthediltemgeps avitl ieswWoard thisdives Gse E'rQB‘?fYqVY Legistance.
Hiqr}bg;)glgiﬁﬁt% ‘Eygéj-;"@ ; he{;@{%%%%q'\ RarddfREARNE predsh® at the filters.

This not only creates difficulties in the injection of the sample into the device, but
may bring about the breakage of the microfiltration unit. Furthermore, cell
membranes of ‘captured’ cells may be damaged by the high pressure and thus
rendered useless for analysis. In view of these problems, attempts have been
made to improve the construction of microfilters in order to reduce their clogging

tendency.
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[007] US Patent 5,922,210 discloses mcrofilters
utilizing principles of tangential flow to prevent
web@go4ogn A row of pillars constituting the PCT/SG2006/000242
mcrofilters in the device are arranged parallel to
[007§ pSh Béatdntub®an2te Hiscloseed microfitses outiliging spdeciples  of
of the mcrofilter, filtrate is_.cq]lected.j " .
tagepnhel o REsHsek clomate. s G Pt plars Epriritiled the migrefiters in
ey &V RS o fHeeBath! &% LIGAD e fiRdiicd, 'GW the other
th?r%grr\{'gé ﬁ??%qtda Pepé){a(l)lglgﬁ {\‘% galt/ 85341 discl oses a
side wfahé whidrafiltde ilicatef isrcollecipdiing peltactionehamber. When used for

Rect angul ar pillar el nts, are. arranged to form
PuirEEnT PrereveIaLn R RRRE B! BUTIRG TR Gt PioPtaieigm a 1 w
Sglln jd introduced into the device is directed into the
cage'so that particles to be filtered fromthe fluid

is trapped and concentrated within the cage. [009] A

[qqg]m Cag&kbf),%ﬁ(q@rf br1L§a&tq?($j§§iSn?5 uarb%lﬁi_ Onadsﬁyi zqtegqﬁgrs%fap%ing particles.
[ : I ( 9 : ted
b e el
withirha dlutd dhambier., Flulteintiodnned imtottherdevidselsadieertad into the cage
| ateral percolation filter conpr,ising an, arr,ay of -
s dbat patisles: 1o, Be fiteeed oM Hifed UichiSs bl anf Gatentgted within
tl.[GEOAQ eKimet al. (Lab Chip, 2006, 6, 794-802)
|

sci oses an integrated mcrofluidic device for blood
typi ng. The device conprises trapezoi dal shaped

[@93;2% lgljflﬁgll[qsﬁlgg? | M ?Hu?qb‘le\&%%ﬁ%%ﬁﬁig% %Mﬁr&%ﬁgﬁnmmecﬁng
nﬂg@‘?&ﬁérﬂﬁklé %Bﬁ dllc?]%dt By BEWtuhli TARSH Cieémbhoed, 74l 11:164-1468).

concept be s configuration is to filter
Vohen pladede b thes batiembyf sesmyegirss witht @ reide-2Bitf thenclhanel network

bRaYeERe eel porceian s Conising ahiirdy AFbube-lie structures
a?ﬁaﬁglgﬁiih_targﬁwgqaw_ ts, one frequently encountered
at e

problemis t upstreamfilters are clogged after
a short period of use, and fluid is eventually unable

oL it R A g 0 g o oo
nFeRARAdE '(j:}/e\ﬁéé'ffﬂ}nblbf)dt #BingY AtHé e vite Saibisdd tiapetoidak shaped

processed Is relati veldy | arge and contains a I_ar]ge
nojoeopiliarg hefvingagradtially deorgasing fitter gap sizesuianging from 200 um to

alhaminchsRwichanBa’ ArFondnn g abBRsnafdittibsd Yels. The
c\ﬁﬁéggf‘?@hiﬁﬂ tRisesbnfidutiofPR86 GReP 6ot Pemltichss2 Sgednpatige, starting

break fromthe spiKe in hydrodynam ¢ pressure, |eading
fraon tem kearsed padicdesoand finishing with the finer particles.

[011] In all the above pillartype microfiltration units, one frequently
encountered problem is that the upstream filters are clogged after a short period
of use, and fluid is eventually unable to flow through the filter, thereby leading to
high pressure and potential breakage. This situation is especially common if the
volume of sample fluid to be processed is relatively large and contains a large
quantity of particles. Unless it is carefully monitored over the course of filtration,

the parts of the microfiltration unit tends to be mechanically weakened or even
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filtered particles and filtrate. [012] In view of the
preval ent problens in existing mcrofilters, an object
wW@B0oBk2407®G present invention is to provide a PCT/SG2006/000242
mcrofluidic filtration unit which overcones sone of
brehk fesrawhec kpikefint hgdrpdimamisr pressuieeleading testealsi endyloss of
_providi n? m crghl@ui dic filters that suffer fromless
filkareq, gerir'ey 8Rd 8H&@% wi t h ni ni mal conpronise in
trapping efficiency. 10 SUVWARY OF THE | NVENTI ON [ 013]
According to a first aspect of the present invention,
[0a len' Ctmf/ilgw of the ;fr'gtlaleat pmlnulemssﬁn egisting aaniproﬁjier?{aﬁ efvjest of the
of a predeterm ned nom nal size esent in a uid |
pigsebt Hventien iwHio; RoNieA merofuies iiraron sl duiieh O%’Srcg’ﬁ‘l‘gs some
| ple jat i | ¢4 a afftrofluidic
of fHeitiackS SAPLTLE e depes, e idhpd by PR roruic
filkssrinat sufferafrged less lclagginge problens; haithemjnigwl ccompromise in
filtratiaon barrier conprising a plurality of pillars
trappigd flicieR®st anti al |y perpendicul ar to the path of
fluid flow when fluid is introduced into the fluid
chanber, said pillars being aligned to format | east
one row extendi IYUMMARY QEITHRINVENTIONIi d I ow.
Each of the at |east one row of 20 pillars in the
filtration barrier conprises at |east one fine

[tﬁéét r %&cB(Fjbiﬁgcﬁ A firSOaBpA! BE the gFféé@nPfinpéﬂuﬂqﬂ, sat Wadrofluidic
are spaced apart to prevent particles to be filtered ]
filationturst for trapding partivlkesgf Bgiredeterpingdineminalsize present in a

R TN e e e ——
ti{%ﬁ@?ﬁptbe‘)ﬁlteﬁﬁ& Unel &5 oREWB L BistHERGEY filtdrdl i@, a Affration barrier

n another aspect, the invention is directed to
afrangtdadtioh thefiufd/ chamber,fsaid diltcationabarrieg comprisinga plurality of

oL A ST SRl e LRGP R i s
iﬂfﬁ)tcm&@fi%toeﬁwter ﬁﬁaidﬂénﬁ’@éﬂ k&ldesillaYs béingARALErtiford at least one

r
nomnal size or range of sizes froma fluid. 30 [015
rdn eextendio)i dress asaid paith @f tfviid Hlewe riEae of ithe éaitlpast one row of

advant ageo . _provi.des a filtratian rr — .
rllaiornafit, Tirster AP etopisaen 3 RSt Ty dlte, firagien section
egtd | meatl hidt 8pacab apalt toaprevesit articles to be
R A N e S A
fifEFBdSERa0 &he Olhld 2fromr mavgd b&h@ﬁ%im@arga@mdophé@ast one coarse
fimattllg)lnnsgcaﬁ%p\ éo%vpﬁgin IaI glgr%hic’)'of%?l?arrg?h&f érteeéﬁaced apart to permit the

movement of particles between adjacent pillars.

[014] In another aspect, the invention is directed to a method of purifying a
fluid containing particles having a predetermined nominal size or range of sizes.
A further aspect of the invention is directed to a method of extracting particles of

a predetermined nominal size or range of sizes from a fluid.

[015] The microfilter according to the present invention advantageously
provides a filtration barrier comprising pillars arranged such that they define one

or more sections of fine filters as well as one or more sections of coarse filters
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(hereinafter also known as "by-pass filters") are

desi gned such that large particles are able to pass
whedsestn7d he pillars formng the coarse filterBCT/Bg2006/000242

placing coarse filters alongside fine filters, fine _
arfdridedr salénguidé oeaco othep withigetaaghs rpwr of cpilgrasnCoarse  filters

potential clog factors which n Rl ock | ne

(nbrainater 8l KPBRodS: bV BESDAUETEReaH AEYaTHbRYCY; that targe
LR8eS CaVeS Sble i G5 Nbavee tikers. B

p%rpﬁggf@{et gp{g 'tcf ﬁfa%ts hé?ﬂv\%r?%ém ﬁj{h?}%oﬂgr&gg{q‘)i |ters act hald

plaéing nc@rnsda fitteesy @;cnmhsidae: finet ff}'ltera,hﬁm@ ifiliersé fypctionr to ?'agstargeted
are vented out  of t mcrofilter. A vant 0

partrles wiiesatartal sipg taaterswhich san et e i fifeis fre pllowed to

b)}-ﬁégse Ehé"ﬂﬁ?tﬁlt@’s 0fa freubshrsa finerPriRerIREsrelBnied @loyging up the
C ging starts to set in. It also extends the ) -

find frigepaninobtidrewords, ofhiel teardey filtersdact g aneanti-clogging facility

e g SRR o PEROESR e
c@ﬁs&ﬂhﬁ})ﬁ ?Sa ﬂ?a\é ri]te%m\%ea %wrﬁﬁ@?\ﬂglrlgrglé? aLaAtify oftfR¢ to BE processed

arrier, parti 0ss can be m ni m sed,
b&fore 2ldgeiry Beatssto Setrin. dxalsplextendsethey Biespan witbe migrofilter by

rgdg}igg'@]; iﬂl.iﬁtj gg%!sgjq?}?ty P% | P%k%%%ﬁ{%@%n? h&nri %’eg%\g%l ﬁﬁ'&d-up due to
clgégﬁge %tﬂé{.b@ %Lr%?li t{atﬂ%é%@d ﬁﬁ‘@&é‘@hﬁa@ ddtapRRFdUGAIRe coarse filters

ons o at | arrier. The extent of
ob#hd ifitttation! basiecapartici Idss cadurednibimispdiby yarigus meeans. For
proportion of fine filtratiqon sectiqns. and coar. .
exampleatherpvesel nimbas einiie dlers Foll B merrqss B9 iplementing a
Ia‘?@érl n?ﬁ\?&%}eof RB(RS bf Yidrg e tidrebl | E@abIBRP Bstapédeparticles to be
o seTilt Thus, b

ar ration section. , by inplenmenting 20 .
rduiverdyy irpdewnbireamr sectivnsf dfrtbef filtratiors barriarhdhe extent of particle

I({sisbtgna%iﬁ%nhgﬁééb%rﬁ p&%%i@{ﬂh{gbﬁ%ﬁoﬁt@o%& &ip%&&iltrﬁtﬁkﬁﬂ sections

si C8; a | &dronro@f ofi €iterspaas i weksas the
aé@ tcéé%% qutgér{%r;v\,lcwél esgtsi WHnmJai nt ai niong a rel a?i vel

¢ Y .
pbiragity/sizenppfilber gdps iri thecgoarss fllvaBin seelio: ddwws: by implementing
invention_j.s applicable to any..t £ 1 ui P .
bpi:byrdasg flhg;segr% haﬁ i?lhg’rs Iglotﬁﬁﬁl%%t&% %r{@bﬁbgﬁnlggof{ll\%ﬂon unit of
i pﬁ% HRIPLiH] tihe! BEIlGUSH &S flowus@sistahoasdue to the
t@%l'ﬁ{c/)%a syst%ryg, Béc;éc\)'{lgﬁgitggl slol wons 00[ col | oi dal . ,
adtsmpelationrs. micBepariolas af thel filiedswhile sl majntaining a relatively high

rocessed, b% the mcrofiltration unit according to
e INhGERENER i ncl udes water sanples, |iquid food,

bi ol ogi cal fluids such as 30 saliva, blood, urine,
senen, etc. [017] The microfiltration unit of the X
[016F Nt The presenbénverdiont is applicableaipyamy fipeopf fluids: indlyding pure

that ar resent .in a flujd €eqt. ' o cl esh

lipwids, “$QUUoRs: | M 83 wgllvégzgﬁ@%gha@wmﬁ Farticles such as
TSPERSBAE/BM614R systems, colloidal solutions, or colloidal dispersions.
Examples of fluids which may be processed by the microfiltration unit according
to the invention includes water samples, liquid food, biological fluids such as

saliva, blood, urine, semen, etc.

[017] The microfiltration unit of the invention may be used to filter any type of

particles that are present in a fluid. The term ‘particles’ refer to small particles

5



10

15

20

25

30

having a size in the range of several hundred

mcroneters to less than 1 mcroneter. In this
W@ o0wex4070 t he term particle' includes both i nPCT&G2006/000242

particles (such as silica mcro-spheres, glass beads
hading EBSizEt inc tihe adaye aofd severahihundped tmisresneters gigniess than 1

particles include biological materials such as . .
migiopetgssin @l%.ceﬂ@mst?'e , \P@F‘Eé s'pc't“fj§§&§)mf' rAYIEENS particles

Lan icRy e alg@a | @habinanei@beaidsfPainbsorganic
(S‘F%‘ \%%I%ﬁé% m‘cﬁ%en rleg’nb!:aéﬁ e da?ppl I ed Pnpl ude botp% g
paﬁi&lf?é.yQ)r‘glénit:elbdlaﬁtiqle@dinph@earmmipgh:a!: elln:aﬁdrlahr ;ﬁw{y@s Peptides,

cells applicable in the inventipn include for : .
prteinp N Aak EHsRs, 1soup [ EQRS B p B T caTimel Salis,gnd microbia

Xa fhi i rtlonC haledd@clrienssthcail@ryotic cells
Ceﬁ%'l &L\??EO&Y'B% ghgﬂ%ﬁer{rt%p %Aa%rr)gl %ﬁyof egkaryoti C celr?/s

andnpk dtie pel. Rkatyatie. cellsr gppluspte iinlitheniaventionainglugde, for
| anblia), plant and anima

exampied acereal colls aae b@étqrj@ %El‘%-?éowgf‘%a?%é&é?g{f Hiypic cells
inﬂﬁg%%ﬁ%g%ﬁﬁscohoéﬁ(f Wﬁfbdéizﬁgl;aﬁﬁmaﬁ?ﬁ]é@@ﬂ_eﬁﬁéh@tic cells include

neuron cell's suc chol'i nergi c néeural
pré®izoa AW, eCryglospodtiual anel IGiaraliel lprsptia)Xieplgntc andupaimal cells.
cell; sensory transducer ce]ls such . as ol factaqr
Exasnples ofugemer gniseal aelispimglisies Gefit g7 4hS plenuBli igtem such as
as?r%&&gts:, %ig@%haro% e gbﬂé‘,p&_‘:ﬁonbﬁﬁé QPP ells such as

gonadot ropes and corticotropes fromthe
cHtherdior n@iralli dell; yadrleasttic néynabi aellgl amdl pepdidesgiangeural cell;
adrenal gl and cells; endocrine secretory epithel.i .
sansory trenseueer Colisaughy ag oliagteny) galls. PHQ'?{‘?%?G“Sr phtoreceptors:
| o 'Qﬂﬁw c&d | SomBfdtidpes, SiREtropsanttsrotropes,

hoﬁﬁHrie %%ggpé@agé%%s g an%é cg?rlnsr ar@%ot her ce‘ﬁ s thy

goratioiipes @sd eotticatrbpes 2®nf ithe anteriarspituiteas glangse $iyroid gland
hepat ocyt es, neuranal, cell pocyt es

Chi .
cefizapdc adrenal) glsddc eps endoere eﬁ%fﬂ?@'cﬁ@@,gl'ga%ﬁsersum as
ml%?j‘gmggf@%ﬁa rg%ﬂsﬁ%ﬁ’ﬁlﬂ gl%nd'ﬁé‘%,' Geruffthdgs gl cells, eccrine sweat
cytes, e I1s

ryonic stemce . Mammalian cells are an
glanBsrdetis} andxesipicepubalany celis and offeersesliseiiriuging osteoblasts,

ﬁ%%ﬁ’?é@%@%%m%ggf égeﬁpztgfgytgéigr rl(?ntéligf 8@!?53:03%91{%2: S’r‘:fese hamster
oéé%}&l age b?o%d"@élﬁsgﬁmgb‘é i rd)éyte@,ﬂyﬁiﬁmlb}tw@sctﬁ henocytes, muscle

I'enchyma cells and sclererichyma cells. The term .
celll slichyas atyouytes, ieatbryanidistemredlisy Manysaliar sells are an important

bcel | ul i nt [l ul )
P TN T e P
c§|¥§ giﬁgﬁn%ﬂ%t gféasp%&is aPpRAIFbiszoal ERampIEY iafnplant cells include
ySO0sS )

er oxi sone, vacuole, cell nenbrane,
niristembtic cells, pabhchyrha sebipl callenchyrparaeds et sclerenchyma cells.

derivatjves, and , 30,m xt.ures t f :

Thededn: pelodisdMatsriar Godtisehy sifbiBasatd sibeditfar (ntracellular)
' neetigdnticledlusi Bhabplbemid méticudiuraj cgntrosome,

S{rhgﬂ"??é&:&ggﬁgg&bte@ﬁl tered and an out| gt for )

cytoskeleton, Golgi apparatus, mitochondrion, lysosome, peroxisome, vacuole,

cell membrane, cytosol, cell wall, chloroplast, and fragments, derivatives, and

mixtures thereof.

[018] The microfiltration unit of the invention comprises a fluid chamber

connected to an inlet for introducing the fluid to be filtered and an outlet for
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6 WD 2008/ 024070 PCT/ S&006/ 000242 di schargi ng
filtered fluid. Wthin the fluid chanmber, there is a

wo pdosoaoron barrier for trapping the particl eBCT/AGINN6/000242
renmoved fromthe fluid. The pillars are aligned to

digaparging tfilteess fluidn &V ithiny the tfhidichgmber.dbere ifeagiliratiasy barrier for
wrapBRE e RSP (08 EpRves T 4rs M TR s £rd At to form
at Ibé& gfé Fow é%néhﬁg bEFRS! 9 Béihhopﬂwd flowo(ieréinaftepittration

row i s present are arranged to form several
pahtih’ ? 1. othe Widrds r pmamatmspamuycd:atmbu% imapsinglel fileyagess the
| ars arrange such that the
fitgaliony BA a1 § orep Srl amiearo ds wigs (F ofh Syzqnped o form

se‘(‘fe%l leikd, H‘ﬁefﬁlff%xﬁon Egﬁlg?%omdrfse%@pmlemlty of b%@r@aﬂ’aﬂg@d to such

gur at In a punp assisted f
thahmefmumd efrbcsmstant:am peopéndicular tqomrfdtrahpm path withip the fiuid

hanb | f 10 [ |
b BB bR (B 15 AR o
wﬂfu&e Cﬁd.&%@&‘%pfiﬁé e Eﬁﬂal Bla?@ﬁn Elh@ﬂmd/\éha?hbéhehe plurality of

Itration barrier rraybe

pilldve vreayt Ibmlarmnigmi in nthevn@ntmal pplanarﬁo n@ymb & eftltr%iﬁg‘ecbamer

either vertical

the h
e U by S5 b 0 ] i e st
b%rjrl& rk?é@tﬁﬁhe%érﬁéél%l‘a\ﬁ@' Yndﬂnﬂuél ghiavs tn)!a;ﬂﬁﬁ strafiged either

ration, the [ uid chamber naé
verticalyt attreds \iee thieigitlof tee ﬂuluhchambeﬂ ofr| hswizontally acpss the width

oﬁd?h\gtqfvﬁ@rgdéﬁg gl{n répefgmta’q?\%& owgg eggg\%gx %gﬁgg&&f ﬂSwdc?%ﬁﬂb%ratlon the
ﬂlmﬁ fdpfamﬂde? fr?%t?é‘ﬁr Eixatet GEgiealy §61 ehataTuid aesdieriedliyaownwards

Each row of pillars in the
frbim thedop ¢o thaboitem mfdhprdes/w in thie gase.dhe Hillaie m@obe arranged

filtratio ctlon t, | east tion
ndberticoronahBiarIed riereedng §eriab B e RaL AL gk

group of pillars that are arranged parallel to each

ot her and spaced apart at a distance to define q
[M]meﬁachdymaﬁtpnmrmmr@(ﬁﬂﬁﬁh@%éﬂ@@r compyiges @] Pg%t one fine

t hat f tl
Bl i 48 T LA T e
s%{;\{dw&ﬁnb u%f |pﬁ|la’#§ thé@@mﬁgd&paﬁllel tooeam‘rg other and
|d|n epartlc es are present to

spacal! gbarttatea dwan@aa padefing @@ﬁ@%ﬂ’ﬁ?ﬂc@@@‘??ﬁ‘tdﬂﬁ%rﬁe(here'naﬂer

lﬁtgfﬂq@r-rhe )aawn%gg gt %Hﬁe f'l&t gr?lg@ tﬁre%%ﬂ%%?gt}ﬁles that are to be

fiRbreR ern’ché’ﬂﬁRP'fr@m Paabingt irPaligh evelgapsi avhilef atittre same time
neasurenents that are derived from m crosco

atibwingy dluicbris thcha thanparicleshare present ot g thrayoh, thereby

aps.in the mc I tr
sgﬁsyqtlgg é‘nﬁaﬁaglﬁ ﬁ%é ilﬂg]ué 4 gﬁépgcgrt??cgf flﬁgred may contain
p?f?ﬁc@és A3RL @ mﬁbﬁ ipRedetefimedmamihbbsiee, @ap bbaed on&statlstlcal
or exanple, the fluid to be filtered may be
evaluation of size measurements that are derived from microscope observations
of a sample. The size of inter-pillar gaps in the microfiltration unit may be made
smaller than the nominal size of the particles. In a water sample containing
unknown pathogen populations, for example, the fluid to be filtered may be
introduced into the microfiltration unit without any prior knowledge of the size

distribution of particles present in the liquid. In this case, the microfiltration unit
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introduced into the mcrofiltration unit w thout any
prior know edge of the size distribution of particles
w@e@soemo7o n the liquid. In this case, the PCT/SG2006/000242
mcrofiltration unit 7 WO 2008/024070 _
mBUEeB@ a8 &/rheans b ideniifystbesizanef partisiessresentdadine sgmple.
the size of particles present in the sanple. [020] In
one enbodi nent, the adjacent pillars of the fine

[J%Oht r g‘f bAB éﬁﬁéaiﬁbrﬁfﬂ*\e siaesst ginarst of HenfikafiradbRedection are
at "a distance smaller than the predetermned 5 nomnal
sdceel apatthfromaeatic|aber at b distanee esmaliesnihenetta predetermined

TRt BERCBITES o B RSN WG b8, oo sizes
rr’?agrt?é Ehﬁéeﬁ BaQ&iBh'th@rs%ialfés@@%Bﬁsi&htﬂf‘ihéfp%\rlﬁ@d. bboegample, if
celTs that o be 6

are known t averagely 7.6 min
plitieteat & bbyfilred iram thi filidiears, redhileotdheelisnthet a5 |kngiwn to be

aVof2GRY £onbaT QIR ED Bangdahmalt igista L, mtGkpilar gap
sggg | b@dbﬁg&éﬂ 0! bé adsoutn2 BN ent | dreshidller.ald @he contemplated

nis etween about 0.5 mto about 1.0.m [021] =
efftbedimants ¢hé distarte betvessrt adiaceniepibansanttbe fingyfilfsatien section is

section' ) serves,as, a - pass through which particles
b?HYQﬁéTatP‘%fgrp- WA ﬁg?ugﬁéépms able to escape. To 15
achieve this effect, the group of pillars in the

coarse filtration section are spaced apart from each
[e21]er Tate eoatisstfilination aegtion (Ihereinadter phy-nase sectier) serves as a

oy eR ik wheh AaoiBE bisR: Sa 8 Rituinel S86 3RO bdape. To
aE:hﬂe%ﬁHsoéﬁé&%ie oUBY6f PillBrs ¥n @9sTBbARR Fitrgiich s¥ltidreare spaced

e pillars may e spaced apart at a di stance whjich .
apartl fesrgesamtootiier b distarwienlargargbapdheinedeteryineg nominal size

] .. t |. b d i . h- .
of e i T8 oS R VA0 B o BAP f Bl boament
IRN i dHrdd FiRktBnt 21ibh AR SIAPlyPEIThpese algdp.Whik aleel pillars may
again as an exanple, clunps of agglutinated red bl ood,
beedpasenmpartat adigiarce Muict is larga eBeUIM AT Gariain large particles to

Br5S of Ry aRhuae aroied Sl 690 T REIr3f BIcEF meffbs'Sinich are

t% PRWrelEned dmlBavihg IRrdlighl thetfilpatidn BarriereTakingtadodagain as
arrier, the coarse ?I [tration section may be d

i gned

asuexarnplat clumpes of ppglutinalgdpredsblagd fsHe s ke dorgatedh or fitration
der t th i . .

4 BB Red WAy b el bR P O sz of

dg@ﬁﬁﬁatéd‘@f&h’ds oBiad Plboti Gatlistie ke 1oobe avledst &Bpjumgor more at
efficiency as smaller particles will also esca

theé fiitaiont barriet he sonrse fillration seetien siay %ﬂéwﬂ?_g?%@ that inter-
AR R rR S8 i GaP S SRl ARAA 0 The s
pm gap will doubtless allow any particle smaller than 50 um to leave, thereby
giving rise to some loss of trapping efficiency as smaller particles will also
escape through the coarse filtration section. However, this loss can be alleviated
to some extent according to some embodiments as described. For example,
several rows of pillars can be used to form the filtration barrier, each with
staggered arrangement of fine and coarse filtration sections. Alternatively, by

shaping the lateral side walls of the fluid chamber such that fluid flow is directed
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several rows of pillars can be used to formthe
filtration barrier, each with staggered arrangenent
wo@RooBlm®7@nd coarse filtration sections. AlterPal/sGmog)00242
by shaping the lateral side walls of the fluid
towBaiEfine Siltredtiohhsgctioinsiid dridemthas fier re@rthe@s @eVimst trapped in the

2008/ 024070 PCT/ SG2006/ 000242
fingcBH12UR $aFIPABRIOrR AT 2Ny a0 DT WLT % SEppltg Vid thé boarse
t e a
LN e R T A R
exxpftleon, |t |s aI so possible to reduce | oss of
trapping efficiency, for exanple. 5 [022] The
inter-pillar distance in the fine and the coarse
[oéFi”ﬂ‘ Hte?‘z)ﬂfa{{ t‘léﬁee ub‘i’hé’%hb%cﬁﬂr@&@éﬂ%@ fil@atidie section can

ean typ to be filtered. Particles having
bé vaHed wecorling ¢o ehek sizenanchtype off cali tocke fiterpd. Patticles having a

LA ﬂrhe?vanpra?u%fo SIEeh.co. 0l i A S5 Ry hbe a fine-
f||§§€6r? ese%{? ht\&ﬁbh"{i}es'ﬁ_\?éﬁ-ﬂf‘aﬂ Baphs Céh‘lélhﬁﬁ thahes, Bhdl | @coarse-

ar ger exanpl e, Cryptosporidium
filration gedtionhinamdich tthe Gintertpillari gap nigylan@ere than b. For example

o&o'%&éérld&ﬁr%t b P a2 S R bl 3 piAation
s%@lol‘ﬁi1 |%Heth}eqhﬁr—dﬂ|a{rlﬁ? &%’méﬁ;eﬂ Haae phfadhdanoalsy filtration

ch are 8-13 pmin length and
sdction mONbltfhlthewnm-lwllem dapnis- Iargelrrtbam Gnure far @l iGiardia lamblia,

. which th
i ol s 3 Yt on

\AHEh"m e'ifg)‘ﬂldr B/ is Rinh IR 9P 7 iun k@hQFPésttdm@nélanmand a coarse
s on) may be used. SI] n one
firatiodi seeation llrina/vlhlnht’é‘re cmaf-pglaragapms eegprf than 13 um (largest

filtering prot 20 cells conprises a fine
dimeRsien) '19ﬁy?@c‘t“*’r(“(ﬂfﬂl having an inter-pillar distance of

1 m and a coarse filtration section having two sets
of pillars, one set having an inter- pillar distanc
[023]2 1m aovek @ndiduimeskt theafilkergcenfiguration piserafor d‘il@naacrérotozoa

Bl 1 e o SLH VR o 1 om
ﬂ sbrm*trémr? Eeftidd ﬂéwﬁéﬁw@fse‘ié; B¢ pillars) drieesét meving an inter-

on section, and 25 superscript c denotes the
piuar eiistanbda af Zpm ahdsanather seldhaving am@t@rore\lﬂatédlstance of 4 pm.

Haringter. ditet SarTgApRS S R Aintted B8 M8 2 L8 - Pim®, wherein
%Fﬂarscﬁﬁ]f BQné‘l@@ttﬁéﬁnt@F%ﬂI@k gaplof sidtea Gottd ﬂm& fittiation fsection, and

terli'ng rod- shaped col1 particles, which
suppisceibt ¢ denades the m@r«pdkarugapawf sizarbapd Gin Ksogearse filtration

section. Accordingly, this notation for the filter configuration in this embodiment is
1um’ : 2um° : 4pm°®. In another embodiment, the configuration for filtering rod-
shaped E. coli particles, which typically have a cross-sectional diameter of about
1 wm and a length of several pm, as well as for filtering spherical microspheres

which are 1 um in diameter is 0.2um": 1.2um°®: 3.2um°.

[024] Generally, there are several factors which affect the performance of the

microfiliration unit. These factors include distribution of particle size and their
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1 mand a length of several m as well as for

filtering spherical mcrospheres 30 which are 1 min
waele@seeerois 0.2nf : 1.2nc : 3.2m [024] Cenered1/§G2006/000242

there are several factors which affect the performance

coﬂf:eﬁt*ﬂé’tloﬁn ghaf vblunes | ofin saniple, BleseThecfinals construction of the
di'stribution of particle size and their

mumfm/r@tznwmt R DS oM 8 GNeHSaLed GiFSiamgriterion, such
asng &%\'ﬁl Iq? t@ﬁ)%g ﬁ'{n%y it -Q”Seélfélf‘{o %Eﬁ*é% ust b ParféulbPBressure

erived froma
dr8p eTﬁa?Jp%‘é @ﬁlc@ﬁzygindcmbgqn’emtlcwawe o;axsosatel)eaﬂected by the size
trapp ng efficiency it is desue_ijto achjeve, d wh
ofmalian gapsain tbee:ggcﬁeéﬂltr@ﬁlgp seefiany] iApPiNG ¢ |p|§pgy |soul]q3Nere when
| bl G i th
61 BN (P58, B8 Y PRk e eshapo
fllt-Féﬁ’d’rP baﬂ’leﬁflﬁﬂoCﬂh@rfﬂN‘aﬂeS\NItmmr lwing/maught by thefinediltration section.

[tration section is |arge, as a faon ofs{a‘?afrl {: i
Onéml otrcererw@pélogr@evenmqrr BeRToHoB A @ fargi cargR nation Section,
| at S0 0 n I | fi

oL 45 VRNl et i 8 e o
sé’&ﬂbhs@n ltl@é 6RraGi0A beridr istfuliy bocupiedt Thurs, in asdéritaiaghiave a good
e to flow through the f||tra}|on bar¥|er even 'rt f fine
balaece ihegween treppingh effigiency: ansh §lad,Prayention, the Prgportion o
rier
o Spchind S e ESHPYFdiaT Woupts Han ERENERS on 2

giRER \HRIidIe With ARnoWA Rt distribatiohi ne  filtration
sections and coarse filtration sections nay be

optl m sed based on a given particle with a known size
tributio 5 0 t ection to
o Secpinpddplcht the Ppfel Fale0Bt (R aod oM
toftélnﬁnél filtraBbh wectient lepptH enay heralptdrenided anyritheeretigal trapping
t heoretical trapping ,effjcienc ich is determ ned
effigiariey, WhiGRI sletgnmined Qyﬁ%‘ﬁ&)@%ék ency = nunber of
stream i nes passing through fine filter 20 Total
nunber of streanlines passing through fine and coarse

filter Theawadmceay trapmhtmgofefrefanmaemsying teropphdifieiiterb| y
in, the desirable ra 1g(—:ﬁuu actuat

efficiency. In actual Oﬁﬁ‘@tﬁ‘tbfgtoés“e??"'”?%paﬁ%w&‘{gﬁme apgparse filter
smaller the inter-pillar wdth, the better the

trapping efficiency. But when pillar-width is small,
Theesstivat t?éﬁamhg)mﬁmen@assqoreferablgbm the slasiyablee range of actual

et U cath e e B Y g ot
V‘Eé@n'gﬁé %te'ttgr EHH frﬁﬁw@éﬁfleﬁﬁy B@t \'R/h@M';ﬂmwaﬂ‘li is small, pressure

llar"wdth to ensure that each

d'r@lﬁ“lmr@aéés,pfﬁelr@by raisigr theg resuieghentothat echaindividusd pillar unit
n? Ssﬂ h%?/gdslun C|<far?trrﬁgghgrﬁg§|esqren%¥h Ito WItws%én% tfug ?Wdrostatlc forces. This

may be provided, for example, by a minimum pillar width to ensure that each

individual pillar is strong enough to withstand shear and bending forces caused
by the fluid flow.

[026] Without wishing to be bound by theory, it has been found that favourable
filter performance can be obtained if the proportion of fine filtration sections and

coarse filtration sections in each row of pillars falls within the range according to
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30 [026] Wthout wi shing to be bound by theory, it has

been found that favourable filter performance can be
wobiaioned i f the proportion of fine filtrati onPGESG20061800242

and coarse filtration sections in each row of pillars

thd filbwird ERipiridaiiy desinge famdadilng to 10 WO 2008/ 024070
PCT/ S&006/ 000242 the following enpirically derived

formula (I1): Inter-pillar gaps in the fine filtration

S-eCti on %Inte llar%aﬁs|'1th%1‘"Aeq’ﬁtr§‘?aﬂ(1n@laxltu%{I r gaps in the coarse

filtrati ener a Is formula may be

appl0|3qab4—e—t—e+he—ease—1—h—vvlﬁ1—ch-—t—he—| nterz pil l ar gap

size of the coarse filtration section is |ess than 10

times t he. wierrilapgars Réheicoarefitrplion seefio" gap size in the

fine filtration section. As an illustration of this

formula, consider 10 that in one row of pillars, there
InGRYiehs, Big forgedh maoegam;oabtmtoatm cased vihieh ihe idempillar gap

size ;fm’filg Qg;ahrge %‘itgﬁg@:ﬁl Sl%githll%o t I 3§rtgﬁgg ﬁseto cp)ggacﬁﬁhe n]iter-plllar
ga?pg‘#l%gf’ ﬁﬁ%r ﬁl‘t@gb% 'secfién rﬂts'éh ﬁlﬁgﬁéﬂéﬁ‘%f ttﬁistfﬁﬁnahot@nmder

rchis wthin the ran%w
théhilnccfheﬁrdvawpmahé ¢hédvel may deddrrangah pOOQ) gaps ivdihem sizeafd.5 pm
cl ogging sensitivity is achieved

egadh mngﬁh%ﬁneuf@ramw@& miga&)oz? & gz?oqx,%pm each
fo?rphg%b?l o%rrseC ﬂf'tnra)(lt) ]pf?(% Aééotrﬂlﬂp 'Ehe Fﬁlﬁeéf&fordmg to the above

capaci a sin lars i s
fotriat weuld 16 Pes; umluy is W|thimethb| naegénh twhach arfayeurtabtm balance of

relatively small as it wou ckl occupied wth
trapping efiqRNeY; @1‘%@099}5‘90?‘-’(9’@?“"!% I$ %‘ﬁ'i"&yg filtration

capacity, several 20 rows of pillars may be used. In
one enbodinent, the filtration barrier conprises

[0273st Thediltratioh bdrier bbmmlses alriﬂast iargjnale rgm@fr@&aﬁsrfgq\parrymg
old(iﬂf?k?rr@g;)nt F‘ﬁ’ vlyﬁn‘}?g: )'BF?E'G’GI \%ggg{g & géwsgf)?)rlllaqu limited,
%{fesctlél mtﬂ V‘ﬁ}?é "ﬁﬁladfbh‘)%&ti%ﬁylsb@é‘tﬁ@l&/ sAfall 8281 w'Bhuﬁi be qunckly

ese b -pass sectli ons results in | ower trap

o&dUpied Qﬂﬂytrappeqbqra:rtm:ibsslrt erdiertf@ imsproye fUtratlQme@a@@ﬁ'ﬂé éeveral
filtration section

FOEEE TN E O TR
at Ic& ?Prt}/g(? ?\Tv%'o? gﬂ{é‘?%/ corﬁﬁr‘(ﬁh@'arﬁﬂ'ﬁﬁﬁééﬁﬂ%ﬁ/ (rRvveeiderinlet) and a

conte | ows. 30 I n one enbodi nent
dowastreae fovl.rt(maremth;ae@utle’t)s arethenerakediments.| smrab.@a'rs of

upstream-downstream rows may be used.

[028] The presence of by-pass sections results in lower trapping efficiency as
particles tend to escape via the coarse filtration section due to the lower flow
resistance in the coarse filtration section. In order to improve trapping efficiency,

several embodiments have been contemplated as follows.

[029] In one embodiment, the fine filtration sections and the coarse filtration
sections are arranged in an alternating (staggered) formation, wherein the
position of the fine filtration section and the coarse filtration section alternates

from one row to the next, thereby establishing a tortuous (i.e. meandering)
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sections are arranged in an alternating (staggered)
formation, wherein the position of the fine

wo pdosoatordon section and the coarse filtration BEDSGDNG000242
alternates fromone row to the next, thereby

- fileahia» ngaihlmgthe fikrationusarier.eln mﬂm’rdwordag)thelpomﬂbn of the fine
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2008/ 024070 PCT/ S&G2006/ 000242 filt th
filtration SEFBoNHHY A APVNSULCAR FRW IR 'a@gre%h@"%ap g%‘?%}EPB? & shadow
th Lt i 0
e Sodlf o 3 SO BUEREY S PR AN Tl g mertors
hade feed tBaif sluth Io@nﬂgamtmnnoﬁ altematingsfinesand cuarsehéltration
i nventors have found that such a conf.i gur.ation of
segtioasriaprones raRping #fficiendebesausenartiges wWhich manage to escape
V f C e
PS5 E A bl e AV IFBSAD) SRR to e

filgrbtieAs_ctiowin m@nleﬂtrewombmrmeng thenéltfation path. In this manner,
filtration section in the next

ey coniainingre Repicles, shaasamAb Terb@s § opGrses dhrough the
Y

filfr%ﬂérg!y:}gn& I?ir%gugsrﬁﬁly h%?? Ibf% f\gfcl‘bgﬁér‘gacrﬁlrlly%ﬁdé L€nRfhasntrapment
ofgielpbtreétalday, odcoenethahis arearggements or bends at whi ch
entrapnment 10 of air pockets can occur with this
arrangenent. [030] In a further enbodi nent, the

eam f S [ P@éjﬁvm t
AT A RCILHEE {birbbBIhaf. SERY | BSwpSesR S, fiation section
shadwsingethel apstrearar esarsbdiltratien ceatice Had ar Mrgemcross-sectlonal
section in the upstreamrow in grder fo create

a@ﬂ?m%rbléﬁ@oﬁéiﬁ GReaton s I T OPsoat o Siehin oreate
o%/‘?rl??f\ rda}f'é on 8Hs bafff[nggl IHoNpat BB WitshY tﬁ@a'ﬁﬁﬁbtlon barrier

egi on. arious arrangenments of fine
dewdstreanse dvgry cedrserfilisatian myiomave been
contenpl ated. In one enbodi nent, the upstream row of
pillars conprises two 20 coarse filtration sections,

[@ﬁ? i atér@u%egrr?ﬁ SREn&NGr ﬁg el EQé(Yseaﬂﬁaﬁoﬁ's'é%tlons have been

I on sec narrange in the mddle of the row.
cdhemisiatest lraone embuakimengdber apsirgano roleof pillars comprises two
staggered/alternatln onfi ti.on, two,fin

coarser fittyadigns gegt |°<5‘ﬁ‘s a@ﬂagg? nﬁeah%te%@feﬁ‘& QW ﬁgd a fme
flrt&g{gpaé@?tﬁpcgﬁéﬁ%é %tt{]é‘trh ?E!IeS Bf th@Nod! THROBEWhStredhierow has,

he ro iIs also found that the
accaming ¢o ¢id |s¢aggargd/a|‘tdrrfdtm7@ mnafmmm dwioclinefiltration sections,

fl
epeiar e Qs Y T DGIPEn TR YR I Eeg i amanged in

tﬁ%ﬁ,g‘?lgngﬁéhcwgl y wider nearer the lateral walls of

anmber. Accordingly, in a further
enbodi nent, the di stance between adj acent

[032] It is also found that the trapping efficiency and flow characteristics of the
fluid sample is further improved by having coarse filtration sections in which the
inter-pillar gaps are progressively wider nearer the lateral walls of the fluid
chamber. Accordingly, in a further embodiment, the distance between adjacent
pillars in each of the coarse filtration sections increases towards the end of the
row. In a specific implementation, one group of coarse filtration section pillars
located beside the fine filtration section are spaced apart at a distance of 2 um,

while a second group of coarse filtration section pillars located between the fluid
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30 pillars in each of the coarse filtration sections
i ncreases towards the end of the row In a specific

w0 pgBez®ME at i on, one group of coarse filtrati oPCHEGLI0QM00242
pillars located beside the fine filtration section
chambspavalid apdhithe £ pm spaceshapadfpittars) arenwspacedaapatt dram each
roup, of coarse filtration section pillars,located ..
offerveled chanGaic] Aaoitv a0, SO Lspeenisyzsons are
: g@g{ I he 2 m spaced apart pillars are
"@ggce 'Qgg%t romege'ach ot her at a di stance of about 4
m Various coarse filter configurations are
illustrated in the npl.es. .5 .[033] :Pi]lars' .a
[0RHc; | Ba S @eaigrorbpa argn deta B LSl iR i g arranged
cRISERN Bk i &35“ baEQ gg?%é%eiéﬁﬁiheg%% Bétwsen adjacecr?;c elements

pre-determ ned siz en adj acent el enments whi
whlidroallom oylypparticlesaxt atertain sizegion neipasti¢les atall) to move through.

TR L oRebor o Bt s P Saeg] Spang b
I | . _ I
r%tgﬁé%lgg e&taﬁélgﬁ ﬂ%gg?ég%‘hglplﬁgp 0gnaribAPE ScylifidBeal or elliptical

iptical 10 shapes, as
shepés,ass well astamgrother suitable customisek ireégulargghapes.
shapes. [034] The geonetry of the pillars were found
to significantly affect the flow resistance of the

i T erpd ' QA ohifRi WRlunda® Lidiflcanpidiéct the flow
[gﬁli c?léﬁr%yegb%th{ﬁ% ?Wt"y% gﬁérgarriner. Oni@@I gepngt r_y.C ©
resistaeceicidhaeéntire ejerofitration unitas well as$ha trapping ¢ffeiengy of the

fftore dbsirste OB SEAMER: COBTARREn Y Ao on f upteristios
c%ﬂwjg's‘é‘sda Hd%‘é’-éé&tibgﬁl SHafetresBATHNRG. a PHINdRIpY Pa@ingCa pointed front

e section, and a substantiall'y rounded rear
seetion dhat s arsangedntd behiacidenpdpnfiuid flaverin thectiuignchamber, an
reatly i oves.the apility. of.the pillar . .
daed awRBle S6Riemead 8 sutsdeialaelnosfBet Sebfidh it is found
tl'\é]t gl ﬁ@n’f&ﬂ%@ﬁ ddcfivh Rgreaay rimptoves ithl amitpnst fredpitiess to trap
the |1 kelihood of trapped particles being washed away
payticles astcomyeareddb & restangular blogk pillassk alsmrediigestllow pressure

R ot 3pd JamGeR e TREHAeRL o IrAPEEA AT &F BB ffshed away by
tH@REngettRI oW staRid bedss IRE FbWIbf flaps. Tife ERMigatedmitle section

generation during sanple injection. 25 [035] The
reduces selrgssheabses by aeldnatiityrthrough intempillar gaps. The rounded

rEREnpren hale® fo e Wie GERERER dyfeliameiedbiertion

ion etching (RIE) on silicon and conformal deposition.
Exanpl es of the fabrication process are provided in .
[@85hpl Ehe billassy. mey [E36pbrigateddaiccprliag hievanyegli¢regachining

tfeA:Hri\igufal l?nvg)vs(l:rt] M s egrl.sﬁércaxérﬂp}é?ethgl bﬁilé’rsCEad?bﬁé formed by deep
reactive ion etching (RIE) on silicon and conformal deposition. Examples of the

fabrication process are provided in Example 1 below.

[036] In'order to achieve desired fluid flow characteristics in the fluid chamber,
e.g. fo vary the rate of flow of the fluid, the lateral walls defining the fluid chamber
may be designed to have wide and narrow sections. For example, the lateral

walls defining the fluid chamber may be tapered to define a narrow channel

13



e.g. tovary the rate of flow of the fluid, the
|ateral walls defining the fluid chanber nay be

waelewsgmed t o have wi de and narrow sections. FOPCT/SG2006/000242

10

15
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exanple, the lateral walls defini ng the fluid chanber
8

withjn ilee flaigeplamber ineides to aseelemtedharflwid. Inigepgmbodiment, the

ERGRBEEEHAR o e KT SRaBEF i oot et Upfbroam of the fine

fRFEUH $8lions tdfithe firkip @6\ &F PRIk Ptheffiltratiort bairiérchamber
Is |located i nmedi ately upstream of the fine

filtration sections of the first row of pillars in the

thard "o et ribesiiharty the S O RL A BAPERRE i Which the

fitedtidrebarrier i9Rehest 60MPris6S anahifiged @88s-sectional area relative to
cross-sectional area relative to the cross-sectional

the esoasrsegiionahaega efithedglet tpueh whichufluig is intrastugeddnto the fluid

dPltbdro e ehHrast BRRS seclibfial At fidlicds ik 3554 Hihnicn fuid
flos fHrbligRthe RltRAILRKI RirridN end tHEs @realy FedReE R Préd¥ure in the
ressure in the 10 filtration barrier. In this manner,

filtratian barrigri n thisrmaenen dbe filsatioss bagiarshegarees dess sensitive to

DA H 2GRy S o FRBL G p o rredy
ISsepioreeto HréaRdgaen filtering fluid sanples

containing large particles, e.g. sedinents in 15
wat er sanpl es obtai ned from nuddy water sources, the

tpger R fiefpoitis Fimeled PhoBRfifd B AefibhcBo Stlfhents n

watkk sakiphss batdihed frohhenGddy satdr s @tebethes|drge @2siitlés can be
that the fluid reachi nrgqthe filtration barrier

fesinseparatads from ithe flpid Myyingplameningta @oassavliiten upgream of the
' Lof banl i i ssdesigned. tq filt d ot ,
AT B L Ghorsk” IR Bl Byl i, R repping the

filteaticiebarriet cehiains sssdntialyg only drhall paticied whlthbeffiledtion barrier
039] When the mcrofiltration unit is inplenent

| : : . nted as

ig desighedaioofiter andr ael Brge pavtides V‘d’"%d‘!ﬂqﬂ\@ rﬁﬁ5¢|3b6|09 even the
OV : ogel i o} . l.d.chanmber and the

Oﬁa?%/ér ﬂ'ﬁ?géﬁggﬁﬁl er. qﬁ%?%th%%ﬁn%%%?ﬁent , the housing

conprises three-sections: a 25 planar base substrate,

an_internedi ate pl anar, nenber attached to the planar
032k S\hen theemiciptitration amibis, implersntad agiastard algne filtration

. . | - : ;
Vo, ¥ Ao thy BeriBlidiE abeont et Hd R Ember and the
fiftratiorabbrrierf It lmep eatbadiment) ehe shousig diongprides theed-gections: a

ai d holl ow bei ng defined, through the thickness of
Fﬁ?f@fpb%ﬁ'%ﬁuhﬁ%f@v antHitermpegiate B|ag’@é memberatiachad tanthe planar

tfs‘a%gnggcgsg?aﬁé,l ¥inbal &R AN oSS SHRLRH BY REPINY W Hiate planar

member. The intermediate planar member is hollow in the centre with lateral

sidewalls of the planar member surrounding the hollow, said hollow being
defined through the thickness of the planar member. This three-piece
configuration can be easily fabricated and assembled by employing standard
lamination and bonding techniques known in the art. An alternative design
comprises a monolithically formed base substrate and intermediate planar

member, requiring only the attachment of the transparent cover in order to obtain
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| am nati on and bondi ng techni ques known in the art. An
alternative design conprises a nonolithically forned
whame/osubst rat e and i nternedi ate planar nmenbePCT/SG2006/000242
requiring only the attachnent of the transparent cover
ai coropléte dewicebfar sertain appleiivne Jnoxloich filtered particles are to be

PESHeT R Oh SRR 1 TRVBL VAP el SRR g comveierty
rﬂﬁpgﬁébﬂé thé filtbRedsicle8 iré réadileaceassimy,abl e covers

h are conveniently renpved and the filtered
particles are readily accessible. 5 [040] In order to

A SR8 AL R PR 3 g
aQiHip PEL DA e OF p‘ér@%ﬁm%eafééﬂe% ofl tinit 8pei@tivfs [prsaisantple dluid, It is

integrate the mcrofiltration unit of the invention
aldat ipossible to nintegsateuithe onianefiltratien anio@f bguinyentierywith other

exanpl I der. t t bl VDI
oSO Bl omElo i Bt DA 43 By gut bl
t;éﬁiﬁ&,gﬂ'@t RfcrofiftfatidR URICAEEBrIRIgStd tHe Mvishiien &bl s dhtegrated with
anple wth each of the four known types of _serum
niiocomeikers fmr onibeng @& bisiasb gagndr mtitm,easg ofghenteug)knpyvm types of

S8R (2t S 1 QYo TR B 5" AR Dlds R step. The

nakipdeds tiobakand! a6 Sis? thef OdNerbaP intbi Balmigroraacter where
third step, the m xture of blood, serum and

aggh/tinetioatie @llowed doitakepjaceane aiseeandesteparinallyeags third step,

mcrofiltration unit of the inv [ t i .

o5 AR SRS A S BRI i R 5L SEF Btea o he
nhiBrd¥eatfsP adlit B8 e irvVeRtiohas Aetéiniintivaetisr bgglutinatiombas taken
to the invention is ogerably connected to one or nor

e
phaas. dheagrdinglyuin onepemaedishent, tirimiewfifteation: Wik serargling to the

.bi ol.ogi cal nmaterial . e f_m fLuldic : :
B B onBBAT) LBrneEiR ohod 8" i ot gpprations
b AUIES FBE b Sessiry bRiGEBAemaléridiOEkhmbkes of microfluidic operation
mcrofiltration unit according to the invention can b
nuedules incledm pueromixerspaveopHBY SHNELEIgroreaciors; {arxgmple.

well as to purify a given fluid. Accordingly, one

aspect of the invention is directed to a method of

[044] fYTRE micrbfiltratlon ouifi adodgdipgr td chesinventioy ean be used to
predeterm ned nom nal size or range of sizes. 2f5 ) ,
caneentaten pesiclesprenent i entiuid 2% well s da pyity a given fluid.

&@égﬁpﬁgpﬁfs io?u? %%%dt g tRa"ihLShifoh g di‘?‘ect@? ﬁg%‘?ﬁ%ﬂé\tﬁﬁ%f purifying a

range of st zes om a

flid BoARIniAgHaHiGes pasipigng prédetétminddtrrhimal sizeerednge of sizes.
into a mcrofluidic filtration unit acc [

Antbet aapecter ieimvanion |HARAT i aneled o piractidbarticles of a
p\fbaefé'?l%ir%d WnfinksBle or range of sizes from a fluid. Both methods
comprise passing the fluid to be filtered into a microfluidic filtration unit according
to the invention. Fluid is introduced into the fluid chamber via one or more inlet
ports. Filtration can be carried out under the influence of gravity and capillary

forces, or it may be pump-driven.

[042] In some biomedical applications, the microfiltration unit according to the

invention may be used for processing biological fluids such as blood, urine,
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ports. Filtration can be carried out under the
i nfl uence of gravity and capillary 30 forces, or it
woreyshopiopunp- driven. [042] In some bionedical PCT/SG2006/000242
applications, the mcrofiltration unit according t
sdrhen, sweabtdaihculfyrebe asswell faSrapﬂLu@@@@nWig mrﬁa@mg:al biological
uch as, bl ood, 15 . VO

B T e i
pl}é@llnla é%?)%ﬁ(%ﬁ'lﬁCR%H@cF&Béﬁ'uﬁ H&Iﬁ-‘.lé’bﬁﬂ QBi§ Aiscovery. For such

i'cations that involve the processing of
applichtipas,t partieesi toche: dide e typically sxomaprisep hlogdi plasmacrukaryotic

RSB TheHB SRt 30508 Sl B gl some
emBBRI sPé%Bﬁ@E@Ws ingligReatdicoPceifd Aisd whiite! gh¢ aélls.

tissue frag S as as intracellul ar organelles.
In some enbodi nents, eukaryotlc cells include red

[Q%l ?ofl' Sltrlpfgrq)@ﬂ' ﬂgﬁbﬁﬁg{bgg%g%e%%%&gég h’} T{]ﬁtgcﬁon of pathogens
mdg?lﬁﬂtéé?ﬂe\%f FB%QQ&%T@ wétEr %ﬁb@s%lﬁéﬂ%ﬂqrorﬁ@ river suspected of

fer sanples obtained froma river suspected
c@rﬂtalnlrm dizetseriauging paihsgenamwfogd ;sammmlfncl'blnavq)@@.used food

I es which have sed fo o] sonl
polephigeean erC&%%q? Jor E%am&?%s@ ‘3&@%@0%”%}?’“&%"3” be
y $ P esativRidteriay ?@to%a Ragtviilsa.,
s%%gp%QgﬁﬂQﬁ%Véﬁ§%sg&Eh | EF DESCR pPTION ' OF THE DRAW NGS
15 [044] Preferred enbodi ments will now be descri bed
by way of non- t xaml € i erence
to the acconp &ﬁim%ﬁl g. 1
shows a perspective view of a mcrofluidic device
according to an 20 exenplary enbodi nent of the
[omenﬂareferre{oomqunmenmwh@ogebghde@crtbepl byemabfoftm@ limiting

a mc iltratio n I
ef(ﬂ'@pferﬁ@'ﬂy'l ‘Uﬁh r?fﬁéeq%{oa&g@é:ﬁgg}pqﬂwné Jg‘taﬁ?@ rlr'g i ses a
single row of pillars, whereas the fluid charrber in
FIG 2B conprises two rows of 25 pillars.
[@46]ws Rige1 ishowspapespective yiew pt aémcmﬂtadlf:.detvm a%mvrdmg to an
bar r [ Si two-rows of pillars. [047] FIG
eégr’npgagyg,@%g EBE h%'&?’?ﬁt%‘ ‘arrangenents of the rows
of pillars wthin the fluid chanber. 30 [048] FIG 4

shows the fluid flow profile in the fluid chanbe a%
[046]r ofFigt 2At alnd 2B shows top view of the fluid chamber of a mlcro iltration

unit according to the invention; the fluid chamber in FIG 2A comprises a single

row of pillars, whereas the fluid chamber in FIG. 2B comprises two rows of
pillars. Fig. 2C shows the flow pattern of particles in a filtration barrier comprising

two-rows of pillars.

[047] FIG. 3A, 3B and 3C depict various arrangements of the rows of pillars
within the fluid chamber.

[048] FIG. 4 shows the fluid flow profile in the fluid chamber of a microfiltration

unit according to the embodiment shown in FIG. 2B
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unit according to the enbodi nrent shown in FIG 2B 16
WD 2008/ 024070 PCT/ SG006/ 000242 [049] FIG 5 shows a

w0 a802400Nt ai Nni Nng t he performance data of 4 di PEEE@IN6/000242
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15

20

25

mcrofiltration units having different fine/coarse .
[049]t r &IGorb ﬁowsoastab[eosomtamm thespeifermangeagata of 4 different

SRR B O FBR B e fo FlyRpBgfpons.

proportions of fine/coarse filtration sections. [051]
FIG 7 depicts various shapes whjch the pillars in the

[050]t r FIGon6 bshawsera graph adepigting tioe [polgmmEnce gharasigristics of
vgrgg\év@é %gg&ﬂﬁﬂflﬁ@%pedﬁ wnégu { aéﬁt g)g%;?@iﬁogé ggft ilggécoarse filtration

seetisye for fabricating the mcrofiltration unit

according to the invention. 15 [054] FIG 10 is a
schemati c depiction of a 200 mm silicon wafer

(F80R] R e Vo 545 h i Tl S Mon barer

Clh%tsggﬁfgghs show ng various 20 perspectives of
ai ndrop shaped pillars spaced apart at 1 m 0.4 m,

and 0.1 m [056] FIG 12 shows a cross-sectional view

[@%%ﬁ,s #ala y; é\?/fr'g{ng[@‘\t),'g .?ri)%cﬂ Biilarszs é%ci@dteg ltﬁrgg)‘?ﬁoértlcles

wi thout coarse filters inits filtration barrier.
FIG 13B shows a graph of Pressure Drop vs. Tine

[853%ex [:fdﬁ rAfo OErdapict @ proagssischeme fostakriesting mﬁrmwrofll’tra’tlon
the .conventional "zig-zag' filter

%5}1%9&8@'891%3%%'”&1851?%% sections and a standal one

mcrofiltration unit having by-pass coarse sections
according to the invention. 30 [058] FIG 14 shows a
[054bh BIG. mmﬁsar@hmlc\@eplqﬂmﬁ ar2Qhmen sélicopewafer comprising

rried out on.4 ntL crofiltration units
Lg’a@'gﬂ‘% Wefgnaﬁ%er qce llﬁygaﬁder di fferent conditions
to determ ne pressure drop behavi our when beads of

various 17 WD 2008/ 024070 PCT/ SG2006/ 000242 N .
[055] FIG. 11A fo 111 are electron microscope photographs showing various

perspectives of raindrop shaped pillars spaced apart at 1 um, 0.4 um , and 0.1

um.
[056] FIG. 12 shows a cross-sectional view of a finished microfiltration unit.

[057] FIG. 13A shows a top view of a conventional ‘zig-zag’ filter without

coarse filters in its filtration barrier. FIG. 13B shows a graph of Pressure Drop vs.

- Time for an experiment carried out with flow rates of 1 ul/min and 5 pl/min on the

30

conventional ‘zig-zag' filter without by-pass coarse sections and a standalone

microfiltration unit having by-pass coarse sections according to the invention.

[058] FIG. 14 shows a graph of Pressure Drop vs. Time for an experiment
carried out on 4 identical microfiltration units according to the invention under

different conditions to determine pressure drop behaviour when beads of various

17



sizes were introduced. [059] FIG 15 depicts a graph

of Trapping Efficiency vs. Cell Concentration for an
we@z@ent4oent carried out on a standal one m cr of PCT/6G2000M00242

chip according to the 5 invention with'pillar
sizestweferiatrpducetbcor ding to Design 1 and Design 2,

using mxtures containing different concentrations of

protozoa cells. [060] FIG 16A depicts the graph of

[(TS%DIO' F1G. H dépietscy gkph HOT ra?biH%Eﬁmaﬂby Be@l. Chhéantration for

depicts the position of eads_in the

annemertmemfaiaar@agsoutmraa stapdalpgedaisirefiliation chip agepnding to the

5 INREBF Wi 115, oot BRI G FReON of, and Pssign 2. using

RIS ebhieniAg dafereat @dndentratioAd of prdtodéWcelzor ding to
a first enbodinent of the present invention is

depicted in FIG 1. The figure shows a right-half

3861 16 94 eSS L TS SRR v NSt it

Bedisc FIGJ16B ddfictdahé dsltionest T besdofr tHe I&tergﬂllar gaps. FIG.
unit conprises a fluid chamber 102 wherein fl ui

10 16 depigte&. iGaloceliselocatediin the: fingdiraticopseetipraaf Armigrofilration
104 and an outlet 106, each |ocated at opposite ends
the fluid chanber in order to define a
sufficiently long filtration path as fluid flows from
inlet to outlet in the direction as shown by the arrow
111. A filtrati on baPETAILEIhDESGRIPTON pij|ars
aligned in one or nore rows and arranged across the
path of fluid flow Each row of pillars conprise one

15 [061)0r& ToeRspddtive! afi an mieadfilteatior? SuMigv i 0Q abo&eﬂhng to a first
arranged pillars for trapping particles _or at

q@nmﬁm@ftth@.nresmamnon i Sepibtachs FiG+ TaTheifdure shows a
fﬁ%@ﬁr setfm)gl fif‘elhé) rm[??{)ﬂtrﬁf?&{ Unit gk&&% rlgosu?tﬁétlh%ﬁﬁlon divided

ars are spaced apar

diengptHanirie bhgyrﬁmeeryem1 aé mdjeaitdeByeme(dnﬂedSIhmMThermlcroflltratlon
this figure). The fluid chanmber is encased wt hi

W‘l’ﬂiué‘z@'ﬁ‘@”i@% andluid @hapibes m?arYH?erBH'sﬂu@uﬁs!'}t&dé'cfgﬂn&hdhe fluid
20 ¥ tﬂatrelr é H‘g%ﬁf @?H‘agﬁ% édﬁqp?&%a # ib:iblogﬁéi"ends of

SEC I on roug ow se

thé flaldr cmrndebm bmteﬁltcaldeﬁnd@ sﬁfltlenﬂﬂmng/\tﬂtrahomwtrbas fluid flows
desi glned to enhance fluid flow cBar acteris
n

feaim dnlehisoaHilelnn, the glireckp ag| sheyyn 8Y 1he agiow ﬁ&ﬁe}\tf&traﬂon barrier

A L pA DB Sha s SR B RSB0 ldo

d?@lUldSCﬂiﬁQGEﬁélﬁ)Zéﬁ/ of |piIIalrﬁtCIomprtmr onerorl®dre Timesfikratior ssections
25 r}a?/in%jc gﬁ)lsg{ya;ﬁaﬁggd fplllti—,mlr(s]I fgru{:rgpg)lhngt parthclleg cgjlri étel(é%g{j preventing their
movement through the filtration barrier, and one or more coarse filtration sections
comprising pillars that are spaced apart sufficiently to permit the movement of
particles (not shown in this figure). The fluid chamber is encased within a
housing 113 made up of a planar base substrate 115 and an intermediate planar
30 member 117 that has a hollow section defined through its body. The hollow
section is surround by lateral side walls 119, which may be designed to enhance
fluid flow characteristics. In this embodiment, the lateral walls 119 are made to

define a constriction 122 immediately upstream of fine filtration sections in the

18



rapidly onto the fine filtration section so that
particles are filtered fromthe fluid. A transparent

W@ 2008/0240mot shovvn) may be arranged over the PCT/SG2006/000242

] nternedi at e ar menb to se he, fl ui d
filtrrtiay arrarrﬁd%g '%a%r%% | APeelaratp e T Sukhiinal § s’ directed

t A
0B8] o T MR SEELG B8 85 S Bkt e . A
tremspergratr caver gaotvshovng anap dieearangey alergthevieteriediate planar
coarse filtration secfion in e filtration barri

eI &0 3%)dRe fibis cham ek éh%rrebugarr@ega farmplet erzucrOﬁ)éraélon unit.
provi ded. The inlet opens into a tapered section of

the fluid chamber where 10 the coarse filters are

[062]t eOptidiredlyc oaarsse ﬁlidrsl; ean mesinstdllet! apstreamdfethe Ifrdatsatron barrier

the | ar fi II of 50, t he second coar

te irﬁ L&jgrg@ P?T”tc Hﬂb a%n aoter@tlag‘m cAg eveRethenrear se filtration
s‘e%ﬂ{)ﬁ n fthe tffﬁrratplﬁ? barrdr! 4 ﬂ‘irbcé?pﬂé’cmn{?—fnt 18 d8ts BY coa arse filters 124
| enment ese coarse ters, It is assur

Wératprbhrdeﬂl mhd mlehopern@ intba tapketedsecionbafrthedluid chamber where

smaller than 10 m. 15

10 the @oialeRrle kv Te Eagseisanars (Bihg it has the largest

15

20
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SRR 2P oR a0 g0 L Se il bdrag THRL AR ORI Saplcf 20 um and
tgel I81hrr$t cmrsbaﬁrlge;reharls lcmrfﬂﬁst::drg gangh g\l?g uggv\nginmldEMGnﬁng these
GoBre dilfsem 6 ds Aramredyiat i Thikh reacking 3¢ AHalindbargier contains
oferﬂ&??aﬂrfcle%osrﬁgﬁerrtﬁ% 1?9_%5'% ranged between a coarse

| .

ration section 2 After being in wused for a
while, the fine filtration section 217 becones cl ogged

[&%f glgnl?o 2§4an§a@¢ghpaegr p S\fvf)?%r%ge Fharits atrJ fhe invention having

offf'i’ér(ehf:'fiﬁfgﬁo\ﬁ Eéfrre?'QaFiGt QAaEHﬁ\)gs pﬁétbﬁilﬁ?tdfoa Qfﬁ}rd chamber 211

hr ough, even after t
l'aaermg arﬁrltraironl tmjgedpomlpusmrgr a;smgle)rwdof pillaxs/218. hTrusrgrbw of pillars

cégrgq fslglnltg\;ozoiqpat ) "ng%ﬁqu%rq 2 |Qn trz}gq?ndp fﬂés%értéar%eldp gt an edge of
tﬁé'rbwatarﬁﬁarr%ﬁ@éd Ptwdeh é‘sco‘é‘?ﬁ SiltkRioPP8EctRI 217. After being in

hydrodynam c pressure when the fine filtration
ueedt foora médlehdise ifine filtratiom raection r247 baceapacdilogged with trapped

P ERR T SOREAL O SRy RNS v A 1 r Gbpiite cbilars spaced
ifficierABofah GBpakitd BRoVG FREGHIEE RS gB F‘BWBUHH 5b that2&vert Bﬁer the fine

filtration barrrer I's depicted 30 to have two rows of
filiraticsr sectionmpisi clogged rftuid is alewead touwna@as thraugh dhe filtration barrier

do ream w22 nt, of the fi and o
VRN GoRR FEAIER Serlre il £1 A e Wi mAtr, B S3wspgfitration
delbfioSaBRt 8s vbh% td Baké 6ff Rfﬂroﬂ{lr%rﬂId“pr“e%Qﬁr%ewhehtthétﬂn@nﬁItratron
sections 221 and 222 are located at the sides of

sestipn wieaeheshdts | maximumr diliration capacity, thereby preventrng the
microfiltration unit from breaking due to spikes in hydrodynamic pressure caused
by clogging. In the embodiment shown in FIG. 2B, the filtration barrier is depicted
to have two rows of pillars comprising one upstream row 2288 and one
downstream row 229. The arrangement of the fine and coarse filtration sections
in the upstream row 228 is the same as that in FIG. 2A, wherein coarse filtration

sections 221 and 222 are located at the sides of the row, while the fine filtration
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19 WD 2008/ 024070 PCT/ SG2006/ 000242 section 224 is

| ocated in the mddle of the row The downstream row
wQ2®s/ozonpri ses two fine filtration sections 2PS[/SQAB6/000242

that are arranged at the sides of the row, while a

seetiense24 iik t loahienn irs dn¢ | midd2R fi thearowndée downsream row 229

camvpiiss W fPa iEafiassectans 20% 204 ot e aranpes St Sides of
th%leréﬁ Qﬁlbcanﬂﬁg‘?ﬂ tfd?\"é%ﬂi%ﬂrm i%farpéﬂdeif iR th@ rhfdﬁle of the row.

. esal at the <coarse filtration
It 98l theonoted that thpsfime amdr cvarse ﬁl&aﬁmn\asedtiomg/ age farianged in an

filtration section in the eam r W Ché)%nsaid that the

aligrnatiRg Mannes ian egeﬁawtqqa“ 35S 8
co%ggé itr. fiéﬁ s@%(?‘? |ﬁﬁﬁé't§ﬁg§%% ré’\ﬁasO'fshbbéwéﬂ’sbge@mrfeomratlon

h wnstreamrow, there
sdBtionimh Sh@ glonstrbamsrow St ac Iaaangememenpblleka@am@es escaping

SR g it e, S T 88 v o
gtﬁe dm\ﬁ'lsll’r%gH W%@%%lh&ﬁw Le Ps§ eRpaRiddd.tration

ecti1ons 6 arr ends of the row
adjacent to the fluid chanber wal | s 250. The

[&&Tf%@a%ogﬁg aﬁgg%aéld?h%g ra(g?guys %éﬁ';trs‘&a%f O;?illars and
doWfsEe ckf' gméFé oy a§§ér|b%6m FIGPSE. STAE T @stRkn bw 231

coarse n section is arranged between the
ctbmprlée@@obréd fititation mmner%?%gélzﬁfi anengddatf thgeends of the row

aé;@:céir’&tolet(ﬁgl &S}*'efi Pb@@bﬁb g@? izggsgﬁﬁéjlowﬂs T;"%r bﬁ? egP%SCOg}PFISGS fine

an&ﬂBhesé&uo'ﬁ% ?4Ehm695rrgﬂ_§8d GRMS@aldly ldadristrRape i e coarse
iSes pillars space O sufficiently wide apart to

fnmb@fubn &segtipss mhup$tr¢mm trow| 284 . & eoarse diltrationosestionr2dfyis. arranged

bpiman fheoies Teaitsaton Sgclicns’ 248y ade” B PR, firlion section
céHg?Q% d?l@asrs (SaryddSuiRdidntly ! @8sd & deeinéigdsf whidhapaditles are

Ion'itn the stream row, thereby causing, the
upablel o FEVECthbeugly.afe doatse: fidratipn sectipn reampsises pillars spaced

STl WHEsaRAT h e RbssNEED gy oBsatp i g moys throuan.
TRBHR ft gﬁvg bﬂﬁlllﬁ éf@hfrgﬂgé&% i patkbof fuitl ffbvﬂasmducm by the
row ereycausmgt he particle to be trap

afione gvar fliidl steeanolinaswian drisgr @%i’ﬁﬁbﬁeto tb@)fl%@tr%@@ Spﬁtlon in the
chBsbim e Koo 4Bl R eSS I gyg vaton

sEEﬁ’tYr? |$bme |b,’le§ rH\/%NﬂBnﬁﬂéW ﬂ’féaf 5 fiftiatibhaddction and are swept by
secti ons. 'S | e-1 ayered, or doubl e-row

streafriliger ¢) Ifm’tohﬂne ﬁne dnﬁg&trorbe@@tmn 248 ingihgt Aowpsalrealp) ow 232,
ttgé)rr gfyl 111 g e paﬂ?lclet 0S 1o asgecj $5hBL A HMcREFDIGRRPSkeamline

(c) are lost in the filtrate as they avoid fine filtration sections of both the upstream

row 231 and the downstream row 232, travelling only through the coarse filtration
sections. This double-layered, or double-row configuration has a longer overall
length available for filtration, and the coarse filtration sections act as by-pass
vents to reduce the build up of pressure due to accumulation of particles at the
fine filtration sections. The loss of particles can be minimised by optimising the

proportion and porosity of the coarse filtration sections.
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vents to reduce the build up of pressure due to

accunul ation of particles at the fine filtration
waewslong) The | oss of particles can be ni ni m BETSG3006/000242

optimsing the proportion and porosity of the coarse

filtration sections. 20 WD 2008/ 024070

10681 | oELE phs P8I AP oD BHTalfacighiBiot the pilars

foHHFn ﬂhletfn@éqmbéﬁrerr' eIG.3h! sﬁﬁo% Shewangenfint abapiiivg four rows
Isin our rows of pillars 318 arranged between
of mﬂw\samSfmﬁrasg@abetweemlatenaumllsrﬁdﬁb@frthelﬂ_faﬁ% chawber. Each row

cqmp é%ats q?rg% ggélﬁtr%ﬁnf%é lrgﬁt e 96’]5 %éh%% fﬂﬁg fian %&?(ﬂ'r Hfranged in
af %ﬁ@lt]r%ﬂg '%éé’r‘llgnfﬁ% fiwing ik I?I‘i‘e direetidn a8 lrﬁﬁcat@dlb@ﬁhedarrow 301

row 3 Is initially directed towards the
usﬁnmany directamtowasmma)ﬁna filrationtsestipnrkd indifedirst row of pillars.

PRt aiswallred darDevp adipss i ib8 B §id £h8R%, bfiRiian section
3ig. Aéaﬂrieoﬂltl%?Sh'éHbtl%W31'ﬁ |s'irdr@?@%@ inediatélg! Jownstream of the

downst r eam coarse filtration section 316,
coamstifitratiorweationedifa partclesitich eseane from b fiss! rox of plllars is

o0 ! ERadSE PR GEERHEIFGSGBAYe fion secton ate
altiid pahﬁ:‘f‘eé R FRVe thFHL@gQﬂheté&oﬁa%m U@ Wnck WgaGeis filtered by

agal It 1s tered the fine filtration section
tHenfib& diltratiard seobmmfn e mard; rowrof; pillarsydnAntbis manner, successive

successi ve, t d

DR ds eaiochant v Bse et TREh0T Paltetaidheel B e attemating

a%h?@&%ﬂ?ﬁf fild ahbl Q:%a?ééjfllﬁ@ﬂbﬁ eettibhs, avhiRnpreeenting slogging from
e preventing clogging from taking place at the

taldme placee at Rhe. saBesilImWS GotIRe shawsaagethshtarargement for the

f'&r:al?%raa}.t)%r(ﬁ)lggﬁ%,r\ro( 5>hs %Lﬁ’l FPQYS hrggoﬁg?lrsogagoérfeo alnjafﬂhad?’l%sa sloping
nfHHrRE L ARAY $lonh ke direbin 30 Huidl flow 8081 ¢ﬁ‘¢|®|§le€mb®dlrﬁdm the rows
rows are” sloped downwards, the coarse filtration

asesiomddeﬁwaatss theiangrée Hitasionagections izt & peingelocated at

I d
154385 o585 POk ML BCONER 0% (SEBGRREE Byput. e
cBMrs% fitiaBoh iddctioh i 396 Reshadowae® byi a fineefiltratish geation 327 in the
depi cts yet another enbodi ment in_whi

nfelxt w.fd@E. SC gepictsr yet arothe! eyabedigiand in wmqih’gheofﬁsp row of pillars

t 3,
PPV Bl i, SR 20, S e oo
o?"tﬁélﬁgﬁdahd‘flhéeﬁltmtw Sectiont 362, 2534, 386 mamwm thedmiddle of the
2A and Fig. 2B. This enbodi ment i nc
rawtdasudm;anbed G0eFis 2pianchFig. % Tfas.&mta@qla\em%'Wlafi%ﬁdd'tlonal

B of il mas 16 Bhp AT o SR (Rg corr el o

mcrofiltration unit having the structure as shown in
2B. The fluid flow profile
[066] Computer simulation was carried out to study the flow characteristics of

the microfiltration unit having the structure as shown in 2B. The fluid flow profile
is shown in FIG. 4. Streamlines of fluid flow are depicted by white lines with
arrows 401. Due to the high flow resistance at the location of the fine filtration
section 403 in the first row of pillars, fluid tends to travel around the fine filtration

section by flowing through the coarse filtration section 405 where flow resistance
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30 is shown in FIG 4. Streamines of fluid flow are
depicted by white lines with arrows 401. Due to the
woe@h/otdoow resi stance at the location of the fPEESG2006/000242
filtration section 403 in the first rowof pillars
isfloweed Pertitiest estaping thercoarse filieatibnnsedtiont 4@§ 2l fitered by the

fiacsdiregn sostiomap L o 1ok, SHEthd i B8 Bliats. i biiihBBa dbe two rows
cﬁa[ S ?@%r@%@t the deRoRi- ro%ﬁpﬂ@r@&@&féama"rge filteation section

ration section 405 are filtered by the
409 fief td thearédurceslefiow oesistanden ashean doreen dipndfthe direction of
pill

| d
SELIRIGS: o BB ) B e o e
lokhtioh ¥F 198 cB8rdd fﬂﬂaﬂ&ﬁ%e@ti@n oot iRetheeskiend fowoWluid flow rate is

resistance, as can be seen fromthe direction of 5
h@hee’aaﬂthaemnlsﬁoheemﬂhe thevfluidostrarabepi | | ars as wel | as
the darkened region at the |location of the coarse
filtration section 409 in the second row. Fluid flow

[dff?ge 'T‘ﬁe nggﬁ}?ﬁén Had '@&té}m&f o 4 igeferdai n*llardﬁltﬁatfdnu uflits each

he sinmul ati on was extended to
hdwﬁ@@f dlﬁfermtmropontmnamﬂ fine/codrse fideatlon sertionsi ﬂibe dable in FIG. 5

L AR I s R D s o
tlfféb?dt{f@?xﬁéﬁ 1§ r&fek AfdsPBctivelg, etheOhurdb8taPansm, 2 um and

Iguration' colum refer, respectlvel
OtEDptrhgapsmﬂee 005 wh gapg formeddhe ding fitirgtigrns segtian, ONf’J'nghe 4um

S22, 8 e Pl e AR W, B, SHuraton
1§b%o®¢4ﬁscgwﬁd Cibré8ert B OHRE8F Pt héﬂﬂPe@mlag a total of

fwo rows o [ars having a formng a tota
166 anomesé flltltatlanl gapsoeipd Lon, 0Geoase itatier 9pPs Of 2t jign and 4050

o e i B R eGPl Ul convol

iri WHNEH e tﬁhﬁatfdd barier %nﬁﬂ{sfdsedinl Cn‘f'mhesfﬁﬁ'aﬁm westidn rmemprlsmg

trati on section CO%I‘ISII’] ashawngas
4500 @apsrhaving @i size bEOrfopay I wélnbee ﬁ@betsi pulihgse cﬁ*fnulatlon results

ﬂ&e; éll’ &tﬁrgﬁtopt qtﬂxéflil E %r%%@b%g’wﬁ&pﬁa rh‘f\ﬁgnapressure drop at

tﬁé?%@béa@é 'filtb?reléh\%lmtés asongeaTedr el the bhseliras eonfiguration.
configuration. Furthernore, as_the nunber of coarse

Fuirlhermbreanas dbei puwmep ofi ﬁ@arégsglyatlpnesecﬁlpgsg@p% nagrgased the
ecr eas nd_at_ t
rpsra e aee Befior, iR Trelgs BEMIRA ST CitEe I pariies

e%béﬁlmgrffdrﬁﬁﬁ@@oar%é fliwakdn Bectirdaleg imdretbed.appl i cati on
for the mcrofiltration unit is used, the

optimal proportion of fine/coarse filtration sections
[88§] beDg&tar%e lrrlng noendtr{er gc)zﬂblica’cion for which the microfiltration unit is used,

the optimal proportion of fine/coarse filtration sections can be determined from
such a simulation. For example, if it is intended to purify a fluid by extracting
contaminant particles, it is preferable to have a small coarse filtration section.
However, if large quantities of fluid are to be processed, then it may be
preferable to have a larger number of coarse filtration gaps in order to lower
pressure drop. Additionally, it is possible to determine the minimum number of

stages / rows of pillars necessary for achieving a targeted percentage of particle
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such a simulation. For exanple, if it is intended to
purify a fluid by extracting contam nant particles,
w0 poos®24oref erabl e to have a snall coarse filtrBECT/66G2006/000242
section. 30 However, if large quantities of fluid are
retovdrg. processed, then it may be preferable to have a
| arger nunber of coarse filtration gaps in order to
| oner pressure drop. Additionally, it is possible to

[069? er i e HBgicH tHepeRdtHEIRe driphfaassus miomsiltedtion units with

|l ars necessary for achieving a targeted percentage
dlﬁéremlprommonﬁmf\f\OeM$©ﬁH@mn sactionsy hbe/reedis were obtained

recover 069 G 6 de )
oeF bl ol B S48 S A ohos v
Pﬁﬁ’é&éﬁl@sth%f inftial %%ﬁhéﬁ‘cé ok th@dd anits,ewhil®tine 60derepresents

res ts were obtained 5 through conputer sinulation

theargesiformanice whogn e asinum Diratier TRP20DSIS Neaghedoi. clogglng
eres sthe ni.ti al perfaor C t

owlaga.a A A B AR 3. B BB o i

nf\bthfngrlﬁ | HrsS ARgation iscti cﬁﬁ@iﬁﬁbs%sedlsplayggl V@’y slight

a aval e fine filtration sections occurs.
lncmasbendb/siemdaeftamnnwesme @si camparedrig the @@ﬁﬁllm%ﬁ%fmuratlon In

Shoh bl RUuRR, HEhto R0 FepPae il BotSisk during the
efEPaURLId of hepdraiishi e Benkhibodahent ddpicted aby Ilrfeor611 the

a given configuration, pressure drop remains fa y
pessatedtop mamfglrtadeat ghoutr £8 &Reain dre emigsimgn a1 BRPICHa by line

o SRS TSP P4 ok T4 I EFRRMEnt depict

b eﬁh@t 843bythlel riﬁesﬁi‘r% drbie RizsEINeR] datomboait nnau nk@d aFor the
5 kPa; in the embodi ment depicted 15 b

cﬁrltﬁollllasehpe svampled thp DiessweiRe@ases abitd M ekﬂ?@” fdimes its

trol/ paseline a
tI%v ré qﬁfﬂg oing Pﬁ%@él ?g n?dlﬁé@ aWﬁ élérﬁ \mFﬂ?th%ﬁﬁSI% losses
llﬂr@%snéls HC EffiSats 3% cldtdirpinetedyes| as en@rb4part|cles are permitted to
Furthernore, | osses increases as the effects of

estm@gtmgravﬁﬁt’é’@s@éild ¥ ofBresSSPER-ticl es are pernmitted to
escape to prevent the build up of pressure. 20 [070]
FIG 7 depicts various shapes that can be assuned by

[670 pl#lcarﬁdéb@ts véﬂ’@sﬂ%ﬁdpés)tﬁairdart be éssUh*rel:t byrthe pillars that
barrier int resent | nventl on.
apabsed l@@rrrtthepﬂtrgtlm berrgs ig éh"? quwm VP@HQPT'@ qenerals garticles

AP 10 A S T, iy Yo S o

\Aﬁf‘tﬂt\!\@rnbbaékthgaoﬁgaﬂ%iarﬂt:lbhathmug\hl tall lnhmillllty Ilélﬁgtm shows block-
orientated vertically in the fluid chﬁnrb { ﬁm

shaped pillars, with their lerigths orientated vertically in he fluid chamber with a
flat surface facing the direction of fluid flow. FIG. 7B show diamond shaped
pillars with a pointed edge facing the direction of fluid flow. FIG. 7C shows
cylindrical pillars. FIG. 7D shows one preferred embodiment in which the pillars

assume a raindrop shape.

[071] FIG. 8 explains in greater detail the function of filtration barriers
comprising raindrop-shaped pillars. The row of pillars 800 each comprises a

pointed front section 802, for example formed from a triangular section, a middle
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flat surface facing the direction of fluid flow FIG
7B show di anond shaped pillars with a pointed edge
wo 2osngtorhe direction of fluid flow FIG 7C sPOmSG2006/000242

cylindrical pillars. FIG 7D shows one preferred. .
redtBnguiae hlockiseation BOghanga Tear Bounsied srolian 306 iabjs arranged to

fefq%@ﬁp%lﬁ% ﬂgllilj% ﬂggtﬁle B3R f?\ienﬁuihgg ?rérp\nft?&stiqé\é@?d@itﬂe birs along

on barriers

thatafEddyShaieatbdoby line 812Tasd iowappedibetween ddfaoeat billars 813,
conprises a pointed front section 802, for exanple
8f16r be moirgad dront sasipnsbetean atiacentRilpsare Japgigd outwards to

s GHRE o P TBpREn FAELAR AT ol oot

oRth@papstiés) arfdreragieomaped paiitlesPss thatl the§ e nottsveept away
fluid is swept towards the BI Ilars along th

byr tapgentialyfluid diovaas dndigaiadney dhe detlgd; g B&%S&ae inter-pillar gap

SIB S STRRAPGERE TRl EER  tra PP, B ahEn i rampec
paftidlesiafd ORalflettd ARPISGIrGEEH e iBlef-pilkatgdpsl 0.t o trap

particles due to the inertial effects of the
10 particles, and to retain trapped particles so that

e, N y by tangential fluid flow as
‘%’F@%@i{i& Ebﬂ@&m@ﬁ;d line 819. The inter-pillar gap
819 is smaller than the nom nal size of the particles

to be trapped so that trapped articles are unable to . |,
[662k tTineJC@ﬁdnopeshameéirp%arlslva@redgb§0@tf§.byl%iaastﬁmﬁsrqmachmmg

E U 4 h ai S [ r

AR L REHRIR, - 5 SOARESE PR Spdoffentors nave
15 deseRpddnbrt i nevaptions sise Fowmagwprotkess hstepsweereocarried out to

have 15 devel oped for this_ invention, the follow ng

fabieatesthet piflarsvas shewiy ineBIGuP. Forstivnai fesist magk was patterned,
Binq Sl S AL Hard il FR 9)- RThESbTbe MRl sk was

fPsequbstyovperedard desp shion etdhirepuast tyriedeoedtaadhieve an
silicon etching was carried out hérdgchi ve

d
atela Kogen o a9pUb BB i 461, 88) hagyiderherbinss \Was dhen removed
20 it id° BicrRRnyl SRS e Sfifled 1] COBE B, SAADYHE onformal

depdsition tohfill thersapst filttecharirss galpsovere awueatetciabsicated down to
fabricated down to sub-m cron ranges. Th s&:bseﬁe‘uen .
sibepicaRpANgess ThecRuhseauRRt BieP oSS fﬁﬂél & WaARrPgiterning to

| I b f : i r I itri

fé%b%ﬁ@gk Igtlfri iogglegﬁ@@hlﬂg Sthkrid tHafbeP aEls oY e nitride and

oxide mask is then opened (FIG. 9E) and etching is performed (e.g. using KOH
25 on Si) to form the inlet and outlet (FIG. 9F). Finally, the lamination and bonding of

a glass cover over the fluid chamber is carried out.

[073] A detailed explanation of the fabrication of microfiltration unit according
to the above process flow will now be described. After lithography, patterning of
30 the wafers with the rain drop shape pillar patterns was carried out. Initially, 1 um
of oxide hard mask is etched away. For deep silicon etching, a dual passivation
etch chemistry was carried out which provides O, passivation during the etch

cycle, followed by Cs;Fs gas to deposit an additional Teflon passivation layer
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oxi de mask is then opened (FIG 9E) and etching is

perfornmed (e.g. using KOH 25 on Si) to formthe inlet
waeasouoret (FIG 9F). Finally, the |am nati onP@rrs|G2006/000242

bondi ng of a glass cover over the fluid chanber is
befarerthechextietct 67de s&amset'%l'ns eﬂmy@tedﬁae ifernation ﬁ%self-llmltmg V-

shapede ocbeaneRovEing B wsiBon ettt Sictnifignte hafs mask
eHa'b &Pgéﬁem‘, nitdtt fo‘?réﬂﬁﬂ‘glz%% ar?d) weledefiat gapi édgdsheompared to

rop s ape pilTar patterns was carried out.
etd;hnng iumidey phataresist meisiaVithraptinized siicen eteypeagess. yestical filter

cheRBRisset JHhgsk & Bs ik BRSD G, BL3g hi ere achieved. A
fllt@??%lp‘éﬁ%lgﬂp of! %BbﬂﬂZ%Qﬁn%&@ acﬁbéﬁ/leﬂ witi®|30opedctiambéi-8epth, the

posit an a i onal Teflon passivation |ayer

dlﬂérevwemag aaawmmmmgtme@lEaéag)eﬁe@the next
etch cycle starts. This elinnated the formation of
self-limting V- shaped filter channels. Etching of

[(ﬁht It CRftet %?ﬁ(ﬁléffuﬂéﬂ; qR8- &l chiag WOWM|@M aglllar structures,

er contr gap sizes and well defined gap
clesgiag isoparforated asingt pivimita satisionpieoobials |p9!ywéﬂ@31due-ffee Si

g o S A 4y e
B €o dﬁ}b‘ﬁdﬂf Q\Ilcé'léyé?é dih eitgdrimaAfoxadwuilicth pittide (via

s’achieve pmchanber depth, the difference
ubevmg plulg-snumrrm ba@rmwmfmrmreeqaiwlﬂ’@d(ﬂ%l@eﬁﬁ%ﬁ This approach

o515 S B R B E9h i o
toog?f) iR Hﬁhé\%l?ﬁé aF&aeﬁé’ﬂnﬁlé Of gbp @ierisions are not sufficiently

yner/residue-free Si  mcrostructures, Depending on
smbﬂ giavethetiagate gap! fill éon gap gegustion)niechniguies; ayake gpplied to

rqgg%lggnegﬂrgtgg'hbbgﬁ qoa‘@%zggstg}eeﬁgaé%%ﬁéat?&@i q‘?ﬁfa(:r% E(?E@Pequwed
rrﬁ@roﬂré’r‘"é‘uk‘; ﬁgcﬂnedﬁﬁén’fél’d)r?é egkdhplelsrefsgas fill Tetknigpes daathcan be

as provided wde applicability to achieve vari
used tresealysinciusie aubﬁbmgsmwp themical WRRAUE rQﬁPOS%On (SACVD),

F "
agg?f W pgggql,&ye Orgﬁ%r)\(‘n? 1 c%}%egi ol ﬁtrste?’ eetﬂglt-ortho-smcate
(lTlfFE Wheé@@%ﬂhﬂi&% él‘ﬁ}dds@nbé@hm ¢tk prior antdfmexainmle see Nag

|on gaps formed between the fabric

etal plGdraparatwetEEwlmaim of@ap-hilk Pigleelfics i Jbgﬁt,xfaﬂq)\gﬂ' rench Isolation

queére %Z)e%? H%EEHEP?JOQW [*u su%é%t @M%@:}%ﬁcﬁaﬁ T‘Tnlénschematm

d\é RaBh d*etﬁposbﬁdc@@s (rﬁ&&ﬁl@)ap;ﬁ'aaelmds Ishtzvar iasElB.e10. This approach
em cal vapor deposition usin

hastanabiechjhe tariastion] afcaide S ErTERE 2 SJepikase ity suE-micron
flg Fai gleac{al bwﬁ I t\r}ﬁag Fhc ?éé ﬂoils?ra(njgjx?%% @oeE&ffdRfive process
fatien. 9gPeo Br e vA'B8ETon o p-Fill
&M RSy, | Pfotbgraphi! domidrepadhdpsal pillaenfabricated according to this
procedure is shown in FIG. 11A to FIG. 11D illustrating different perspectives of
pillars that are spaced apart at a distance of 1 pm, while FIG. 11E to FIG. 11F
show different perspectives of pillars spaced apart at a distance of 0.4 um. Ultra
fine filtration pillars spaced apart to form inter-pillar gaps sizes of 0.1 um width
and 15 pm height were also fabricated, as shown in FIG.11H. These fabrication

examples confirmed the extendability of this process to a wide range of
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for Sub-0.25 m Technol ogi es”, 1996 | EEE, | EDM 96,
841-844). The schematic depiction of this process
wore@shztoappr oach is shown in FIG 10. This appP@Hs®2036'000242

has enabl ed the fabrication of w de Si ﬁhan‘oers a
applicetions.vi PErENESLME vieyh of rows phraiaaropRilars; qFanged 'He?sh'tratlon

r.oces a cost effective process
b ré'gﬁf?o?s%odl’ﬁwbﬁ@o‘igﬁaphs of raindrop shaped pillars

fabricated according to this procedure is shown in

FIG 11A to FIG 11Dl lustrati n dlf ren
[Qiéﬂspééw@@mmﬁtquhel fabgication OBFI I Hreééfé}a('"%ﬁr Qp the wafer
frcgrlltfs %@nce 8@%@8@@%&\% 'ﬂa?k%%i%l brok8ssi ﬁ@w cgrrfég éuftqw form the

vVes 0 ars spacted apart
infitrdutieeeforichambars byl using KOHetéhihg rcﬂtsﬂnmnp(rfdm pmosess flow refer

spaced apart to forminter-pillar ga |ze of 0.1
t_ 61 9Aala9kb Pmaligetrisoriack) atehindor it S6hingsart sisequent

FI gggq]r\'_}‘nq EFgf\?/?% IRAE R hE 'Erl i€ 39 RbEN i :Q%BH éj’@}f%ﬂga;g@d of the

I'S process oaw

fll‘l/éQ @ﬂ&%@%égmhégér W2 PGHr00024es wem:)d)pmaizedrmnd device physical
perspective view of rows of rajndrop I%I l.ars arragg fl
vield wasi maximized. Residual layersselboandena @ltngglwel[eo le etched

a@%&ﬁtqru?rgég /tﬁi] o%%nrﬁzolfcfﬁ&e g&#tré(;t%t ‘F:rlna cglg fabrication is
aBxdhpiishsl ayowappihgcingl dafer froessideg bwaan@cacrglasls danding and
to formthe inlet/outlets for ch%erspga/ usinalpigm .
diginghi Tiee sross-sectional vigw mif Jhedfinighedymigrogitration Is gRown in
Fi}ﬁﬁi The dielectric stack etching for Si etching

‘ubsequent KOH wet etching of Si was found to be
critical to obtain good physical yield of the filter
chip devices. These two etch esses were qptimzed ,
(G781 doi SEPAYS tBaI by, PRICESRAO o it e AR anape pillar

t)%p?’g %Rflwo %&nﬁopem t\R/ég‘qe‘%gr%de‘ Elhllévétﬂdiﬁ%lc?d\@lénd sub—

I nl et outlets FiI nal
niibio $i2d fiiteAioharapss Thecmmn@ filteihehip figbricgiioinrg achemptisieed in two -

front si de by anodi c_gl ass bongi ng d, _dicin The,.
10955 12 808 AES1 299 G FHOrRIRSIR RNBRBETS i falized on the

V\g%%nt frintS BRI L#s{h&f#ﬁterﬁz’tra%@férowdhn'éﬂb%“mmrtﬁe %B@ond stage,

Ve Process ormng rain shape pill ar
inlg@foutidts aonthey fions ssife | ¢rmrnbénspamsnal@s|cghét1etwafer back-side.

achi eve both mcron and su m cro % P §
l@a@&v., iatamaape 410 et pawasty pllat isfampbts with iffér-pillar gap
%ﬂ%hb BEGut 1. pw'ofor MWEGRe: fllie'?' rbb%nlf)'tﬁﬁt pEVRER uniform vertical

I con cro- and chanbersS arfe realized on the
p?@fllé@fkhrotﬂglmltt thedentlse rfitepagaperfrormr toys fter bottenndlaspd. on the

pll‘gllralrl]‘lgré %ﬁSQﬁmSé%% ahd Si deep RIE process optimization, it was observed
that for the raindrop shape Si-pillar type by-pass filter of 30 pm chamber depth,
the etch profile of the filter gaps is uniformly vertical and straight for up to 1 um
gap dimension. The fabrication process requires only non-critical lithography
mask which is of very low cost, thus reducing overall manufacturing cost of the

microfiltration units.

EXAMPLE 2: CHARACTERIZATION
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.dinensions (about 1 mfor the fine filter region) that
! vertical profiles throughout the

' i 3 h -
971 | A b BRF A IBP oL Rl B BRSSEH el Bt

bepicen zthiel onicroflitration amiteracedrdiidiato files presentiindemion and a
shape Si-pillar type by-gass filter of 30 m chanber
nijertiration dind WithoubrRY-Basy Gaasse | sadiongadwor he experiment, a
j tj : ' u p; .
n{PlHRESoh Vo3 tabiSRg, SLATLAL bB R brBhediPn o dgzas
configaratibh amithduit toyasasspituig-zemsiitenh iGHip 13 a6f shasiry il BIG. 13A was
cost, thus reducing overall manufacturing cost of the
falyicated oo server @snauperteol mmﬁxeerlmm%/@nmmmamlter 900
c%Fh ¥e %%%ﬁﬁéﬂgﬁmb'@@ﬁ%@& & Qg%ézfgtrbﬁ K 1sBeR4H 918" RBving four
s I? ] experi nent was carrre But 20 conpare

rowe oF pilkarsirtbe rolaneartet fosthecialet l9ORviepIng Befilter gap size of 50 um,
mcrofiltratjon unit_according to the present i
the,pext fayn hamiga gap &izs of 80 am.andithe nextitweuowsybetdhaving the

sahfy g? 24 1950 ﬁn@rDé\Dﬁst?é(é?ﬁréfnig\Bt codts@ filtration se tion is a fine
m Cr P' rati on Hnl t conpri si ng | armna shapecp pl? ar s

filtrationgedidm920 zogpriaing il grrarajedon arighesd fddmatiaasAs can be

Fg'zifg}:.;-za filter', Chip 1) as shown in FIG 13A was i

spaprirem: B mpasdiarkfigure, 9B Mt fing: fiatior xisgianBRD. comprises

diiHioRd-8naped fdfjllq‘rgfgzgo%i&?gfé 5587, 1B Wit SnGPRIMBAT irPRhgth, and
and a coarse'filtration section 910 having fouf  rows

sphced bpartsto ddﬂiaere:cn/\intmﬁpiw gapﬁslzbeofimﬁ W.Shiﬁﬁcmaetm 824 of the

filter gap size of 50 m 10 the next row having .a gap

figp fiiepregion spmpriges Ko gape: Thadinediikalion redial 948 is glbo arranged
j f r

CPRAFRIER 3 15, Blartt o SSLIGER) 0Lt 0% ey 0. Notably,

irc timip racsifiggration, dnsreaareang du-passagapg-ia dbeffinerfiliteroregioks as the

f ified fi 20A, the fi .
o e 5 ol AR B, e il cogarison,
nﬁbr‘&fiﬁﬁaﬁio%zgnit ‘M&b&#ﬂiﬁ%% Qhé“ih&bﬁﬁgﬂt \Witﬁr’tﬂe]ig%c%t' Shown in FIG. 2B
ength, and 15 spaced apart to define an inter-pillar
wgafabrizatedf using arcorffigratien of 618924 8umfie S.Eﬂmé(‘py—pass filter,

5 8 PO 324 0 P B i, pum
tﬁl\rgyggaéédwcﬁiscé ! Q%nglf’pmﬁ'lﬂ{,_ ﬁe@pé%\ﬁ/eth@shg%- in FIG. 13B, the

t
ly, 1nthis configuration, ere are no by-pass
prrgssiré dropeveér the-hy-pass fikergnorgasead initielly and Istalslizédhat 29.4 kPa

atea%glrlﬁ%r\pﬁpl’gnng%r m?n0 %sf ihgma\f\éaé lbytlfjr\e\g%é1 a'?\%r Qég,erespectively for
each flow rate. In contrast, the pressure drop over the zig-zag filter increased
continuously and reached up to 700 kPa within 60 min at 5 uL/min, while at 1
pL/min, it saturated at 85.3 kPa at 54 min, as indicated by lines 953 and 954.

[078] A further experiment was carried out by evaluating flow characteristics of
the by-pass filter after injecting filtered plain PBS solution containing polystyrene
beads. 4 identical by-pass filters with a filter configuration of 0.2um’ : 1.2um° :

3.2um°® were fabricated. A control experiment was set up in which pure water

27



10

15

20

25

30

20 mcrofiltration unit according to the invention

with the layout shown in FIG 2B was fabricated,
waigiong2@7confi guration of 0.8nf : 1.8m: 3.8m PChHycaes00242

filter', Chip 2). Both chips had a depth of 30 m,
weis|passed iMBChipf T and \Ghip guanpdthe Prassuth dg&waéﬁngmgxre@ overa

d [ m, jvely, i _
oG 31 B oA Rt 4880307 p R sl rancor
etaBt%:'ﬂ%ézgr@é%@rétcﬁ@be?%i@H 2% £HP2 &5 dapitted bykir 1011 and

mn as indicated by lines 951 and 952, .
1082 prespeotive)y.flre reagings were Hse@ as ahceigrlibaseling fry comparison

aBafieT PPl et an e Yo sehRitRBSERss prads were
ifﬁ%&lceagﬁ%%ﬁ%%ids‘?. at 1 pL/min, it saturated at 85.3

a at as indicated by lines 953 and 954. 30
[078] A further experinent was carried out by

| uating fl h terist] i . |
LT bR SRR e oBler SRBIRES i ffrene
bglaf% VSR BealSpfSandt pifuﬁ% rwga'r;c?aboliw;ﬁngm %jm troilystyvehb Iseads at

ter configuration of C( _ .. 3.2mwere
168rdacistidd regpesivelyo wess jriradused infesChigr 3 apdiGhipud 2ta flow rate

7 008/ 024070 / 0 .
A A0 .40 o NS g, 14, v
U8 irb 9 'cfhbRYSAs BmaPBfogPessid. tTihieis Betalasy theainter-pillar gaps

chips were used top observe for any possible random .
oérbath sfineTtamdp coatser lteatiop sestionsi peaamadingrrasingly sclogged with

depi ct by, |ine.1011 an 0 r i vel v :
erebkivgous deei<biny b &Mlghis Goes Rl §5por tFud t pass.
AEOTRAIXS B tHe BEAdNHerd |FgePhnctheatdarsafiltengaisides of 3.2 pm in
wat er containing glass beads were introduced into

t he
tedricparseffiltration mectian, she brade cpeldi naiRscapgyeRdhequgh the coarse

T S RIS B B¢ AR Ay ks anc
tA8Oniraaitralbn 0SS PSSEdrE! Mocked eaftart Bbdut ezl houre Ghigontinuous

3 and Chi.ﬁ 4 at a flowrate of 15 %I/_/m'n. Wth the 4 m
injeatien. \Wih dhevinumybeadssiniGhip 4.Anitindy they pregsuire greR greased as

L gt BUBRIFT 9 T ok AR 1 st
WIREbionm AreEgEp; aRd @RS ibealdy edoapirethe 2 ppaahdcd.8gym coarse

t hus decreasing the avail abl e cross-sectional area for .
filtee section. Howsyes. unon Asaeiag fs, dltgtiopheapacilys(ige quice the fine

l.arger t. r fhlt ' f [ -
PSR, g5 1Y ol Bt o PRRsSIE S lsepeh ot 1017 ke
VAEENARD Rierad depiold by éne dardean FIG. tidatt isrsuggestashthat once the
either. Pressure drop thus kept increasi nntg with 4

flitealinn gapacibnés weashsd, | healliidrstars (floyded MBroydt Hig i filtration
A di6hs 2BRYT indtd M SaHits CQ Stk AP YEte serpentine flowpath by flowing

through the coarse filtration sections.

[080] In summary, the present tests showed that the filter was not blocked by
the excess micro-particles that had sizes smaller than the by-pass coarse
filtration sections. Through the testing of pressure drop over the filter chips, it
was also shown that (a) the pressure drop has been greatly reduced up to 700

kPa for the diamond pillar filter to 29.4 kPa for the rain drop pillar by-pass filter at
28
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injection. Wth the 1 mbeads in Chip 4, initially the

pressure drop increased as 20 the gl ass beads started
wo@ewapydony the inter-pillar gaps in the fine fPCT/8G20000M00242

section with 0.2 mfilter gap, and the beads escalngi_l .
5t jhlg/min,2 and i ttaezbwpaaarf&t@r 13 ilesse clog-sensitive modelas high liquid

bR BAPALIE A5 RS bR, RS, iyt Bemot pass
tm&@gﬁm@ﬁﬁéﬁne,s?@pg ated at 16-17 kPa within 30 mn,
as depicted by Tine 1014 in FIG 14. It is suggest ed

that once the 25 filtration capacity is reached, the
hrough the fine filtration
"Liﬁ??@@%ﬁﬁe?%?gﬁh adopts a steady-state
[GErPeNT fpingd emRRirEidY of ’ché/\taﬁﬁl drép bk byt gessclilterseas evaluated

fil'tration sections. [080] In summary, the present
vmthsprgtm/\eellsth@t panain iandek. ambliget! unbbwdﬁ epd Bpoli. Design

1t Ao EpaR e, Ratl's cBfublfh AEfid < Zuir o, i paSbectivel

hboRg! PHJ;SHH!@ﬁ@-%‘-fUﬁ @O/GOQMO@V)GBGW@OO/BBDBTaMN51}0/10)00/3000 were
was “al so shown that (a) the pressure drop has

ugead 4ot ’gher evalyation prreppingoeffigipacy of byrrassi fsltﬁsnwﬂw | urarplllar gap

app A€, Bnawey eBit HosoiSoh BenPLEBBl offortls BB ©. parvum

ahb/ @l BmiRRd Sample R IerPASS injettedriniosthleestsp at 20 pL/mln followed
cl og-sensitive and has high l'iquid handling capac

bastuSh ofsflunresegrnsklabelsd @N@QﬁYﬁQjUfﬂﬁ? farc1 @ ann 1450 uL/¥nm After

not Q
J i EDERLE 6 Q5004 B nRSp o) labeteg insic e
cﬁf tehﬂ rr@laaydfd?prrﬁtr*o's@bplb)/obééﬁ/aflbhtQ?IGL\Ia$5€slad>watﬁ1ﬂa trapping
W|th protozoa cells - C._parvumand G lanblia

ofiiciencies @blinedat varieus ¢h parvum, cell aymbgrs hpek H#ag@sasomtlon

R OGP B 2B ol SRFEI0,0p 357% voro

a@ﬂ@v@;@%@@@&dﬂfa@loﬂ:%ﬂm&é"@nnt‘dﬂ)@ lv.e8 vells ware observed in front
Trap]pl ng efficiency of qué pass filter with 18 @ i |l ar
ileroWef 2h eallariniectede with alarpingLfigeBewrizsed

W|th protozoa cells, C. parvum and G |lanblia. Sanple
solution was inj ected into the chip at 20 pL/mn

[082] oviedp ng effieincyfoff bwpa&s@&ecw;thahﬁlteob aninbuitigr gap in the

solution tor 10 min at 50 pL/mn, After _washin dt

fipgdilation section 2nki 73 Uhchaaihes dant W%H?eék%ﬁ‘gﬁge‘ with 1 um
3530, RS, 46K b e PR, AcePERLNE e Bidisae B prismay
g Pedaee ther highsstGrappinguefficientiesuptobeably dugOid {iie balances

hﬁgpégkéﬁégﬂ%ﬁgag?d gﬁé h%fogé ;%téégm%';«;rgﬁi'b r’gween fmgr}?ter and by-

pass filter. The relatively big standard deviation was caused by the difficulty of
counting beads inside the filter chip. The overlaid beads FIG. 16B before the
pillar units were counted as one bead as they appear as one single bright spot
from the top-view under a microscope. The actual trapping efficiencies may be
much higher than those showed in FIG. 16A if an actual count was made to

determine the actual number of trapped particles in each filter gap.

[083] Trapping efficiency of by-pass filter with 0.1 ym pillar gap and 13 pm
' 29



achi eved at a concentration of 257 cells in 500 pL. 8
cells were observed in front of the filter out of 25
w@eios®240m) ected, with a trappi ng efficiency ofPCTB(S%OOQ/momz
[082] Trapping efficiency of ass filter
vw%n% foofi

Chambeedp howasafurigep qVﬁMalﬁ@

folit Agt ‘FQ}mtlgﬂgcﬂo Ey, coli cells

B PP S hyEBb, 1 e T bt o o

flidtesSeritRsinidiBscapd and shabighly oveeiigoells befoee tﬂefnter (FIG. 16C),

hi ghest trapping efficiencies

due .t

roba
cajaulah@e:f,)f Frgppindiiéaiengtasovas npg rb?%m‘aet@ﬁféom Hm"ow%? observed

5 t&)r es

AP DA e e g o -

bl@ééﬁé@’ flaréseendsighar Uf defingfof bacterla a:rglstm‘aahbut nlsurxdelaehmuld be
filter chip. The overlaid beads FIG 16B befo

fusther improvedsbywesiag dsightes dlugsessst l?é)@él'rwsreta%p{ %B@&F means.
as one single bright spot fromthe top-view under a
m croscope. The actual trapping efficiencies my be 30

08 h IHakeron i abbes test oz, itihe MiCiofiltfidnf ukib aecardirg to the
count was made to determ ne the actua

mber of .
10 im/earjpwap\abe iuseddor ﬁh%é@wctipnt@rprgmzoa[qﬁlg]or%%%ﬁ{lw@ in actual

eff
S%'ﬁ'é’

05 S5 o) TR, g P ). wit

fuireroRtedgtenbh ofastHenr punificatival wait @qbemttdm modus .(eAs immuno-
counting of E. coli cells inside the_ chi

magjsﬁlgsﬂpgrq;m);fb\etm@sentrm[cg@fn%@qn pnit gan gwrrlh gpdategral unitin a

flu idcells
oG RRT b & ORRF R A ey BplpRefihe: | 20
15 efficiencies was not feasible. Detectlon limt was
observed 5 to be about 26,000 .cells with DAP
stai ni ng, which gave poor and qui ckly photo- bl eached
fluorescent signal. Testing of bacteria cells of about
1 pmsize could be further inproved by using brighter
fluorescent | abelling reagent or other neans. [084]
Based on the above test results, the mcrofiltration
unit according to the 10 invention can be used for the
detection of protozoa cells or bacteriumin actua
sanples (e.g. water sanples fromnatural sources I|ike
reservoir, etc.). Wth further integration of other
purification unit operation nodules (e.g. imuno-
magneti c separation), the present mcrofiltration unit
can forman integral unit in a conplete mcrofluidic
systemfor a wide variety of applications. 15 30
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WD 2008/ 024070 PCT/ S&006/ 000242 What is clained is:
1. Amecrofluidic filtration unit for trapping

warsizioes of a predetermined 5 nominal size PCES@IN6/000242
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ina fluid, conprising: a fluid chanber connected to
an inlet for introducing the fluid to be filtered and

8n out‘et f!or_ di scharging filtered fluid, a filtration
! ged within the fluid chanber, said

filtration barrier corrpri sing a plurality of pillars
arranged substanti al | é per pendi cul ar to the path
of fHuid A mquihadwfﬂl rafdon gnit fertsenped Pericies ﬁfeafnradqtermlned

chanmber % 5 asb ng.ali g ,toformat | east

one. Pl dRPiseRtE BRI mRRRRG: of Ul 11 o

wherei n  gafifid @hafbet c@hné@@attocmewavvoointmddoﬁtgsmmﬂuld to be
the filtration barrier 15 conprises at |east one fine

filt filketesdransban puﬂet:f@ﬁﬁrsct\arq:jn@flﬁemsﬁcﬂluﬂ pillars that

d
32? W:gﬁcgaj @ﬁ’@ﬁ?n tbgirlpqgrg%\/ri’g}l%%g %fi@ gfe ?lgm@%gggo%ald filtration
filtpaidan e6mbliSimgC OBPr pRirdlly 8 &F Opiarf RirfdriRjed tshb$tant|ally

are spaced apart to permt the novenent of particle
bet werperuhiqzldaetmtthg pathpf,ﬂu@ flomn wheindfiuig jisindioguced |nto the fluid

L: : Hgﬁ %?éun#"tdt ﬁllla@t lggsgllg\}h}ggf fq E%'I"Peﬂtqgé?f §HE row extending

sect ierh A i@ PafFef MAdflowl rom each other at a
di stance smaller than the predeterm ned nom nal size

of the pamhafeléls to be filtered fromthe fluid. 3.

The. <t oL ol ShoHR P o DB ) Rl barer

filt rcgpﬂgcqgegecti on i s between about 0.1 pmto about
1.0 m WO 2008/ 024070 PCT/ SG2006/ 000242 4. The _
mi cr of | ui dit deastianeafine filtiation ssctiancasprising @sgroupgofapillars that

Uhe" S8 e ShARCE pRSleE! Godi oMt &R B2ueen acjacen
pillars,
and
at least one coarse filtration section comprising a group of pillars
that are spaced apart to permit the movement of particles between

adjacent pillars.

2. The microfluidic filtration unit of claim 1, wherein the adjacent pillars
of the at least one fine filtration section are spaced apart from each other
at a distance smaller than the predetermined nominal size of the particles
to be filtered from the fluid.

3. The microfluidic filtration unit of claim 2, wherein the distance

between adjacent pillars in the fine filtration section is between about 0.1

pm to about 1.0 um.
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apart fromeach other at a distance |arger than the
predeterm ned nom nal size of the particles to be
wo pdoseeed fromthe fluid. 5 5. The m crofl ui di BCT/SG2006/000242

filtration unit of claim4, wherein the distance
bet wéen aéﬁhscwﬁroﬁwm%ﬂlﬁatlﬂn Ut @foamxéfﬂalmsai itgr®, Wherein the

Sect eifhdet RIS A FROH 1ckst TBrle° cBBRUL iffallbn Secfion T8 spaced

mcro I"on unit of c

wher gparttffem gaehi dthef att & eistatcd |a¢g@sthasehé lpmwéteanm@d nominal

of the space between adjacent pillars in the fine

filt sk Qfﬁhg@@ﬁl‘éﬂs {pbe Iﬁ'ge'f%jtfé‘l)méhéi%"%ectl onal area
of the space between adjacent pillars in the coarse
filtration section is between about 15 0.3 to about

1.7. 57. Thhemmicstiuidici fitrétiord nafit of claim 4f waeyeinf the distance

clainms 1 to 6, wherein the filtration barrier
conpbegfé@era@dja@sgt pilaes indhie corrss filtration sesfien i hgtwaen about 2
upst ‘? ﬁ{rplownstream row. 20 8. The
mcr ation unit of claim7, wherein the
fine flltratl on section and the coarse filtration
section are each arranged in an alternating

10 (st aggered) manner fromone row to an adjacent row,

ther SHeARldBALAR AudRaR ARl 80ahy o (il R8'S) Wherein the

t he Itratlon arri rof

filt rratlich Oﬂthﬂotal@‘ro@é seéctiohabardd ofiherspatetbstwpen iddianent pillars

of the fine filtration section( SL in the downstream
row ddihediperidsation spelionp i the &abe
filt I .
i or GEM S8 2Rqef cilags i W WBRd BRENEA echEn I3 beliEen about
15 the @r_:@&sabsam_'r/onal area of each fine filtration
section(s) in the downstreamrow of pillars is |arger
than the cross sectional area of the coarse filtration

et A Il RS o S 15, b e

rosgesqctignakarea of the space

The filtratiohl biadiier tomprises cat lesst tofo aows obf pillarsrecomprising an

10, wherein the wypstreamrow of pillars conprises two

coar $®Siream v and QQMSH%”‘ X h
20

8. The microfluidic filtration unit of claim 7, wherein the fine filtration

section and the coarse filtration section are each arranged in an

alternating (staggered) manner from one row to an adjacent row, thereby

establishing a meandering filtration path in the filtration barrier.
25

9. The microfluidic filtration unit of claim 7 or 8, wherein the position of

the fine filtration section(s) in the downstream row corresponds to the

position of the coarse filtration section(s) in the upstream row.

30 10. The microfluidic filtration unit of claim 8 or 9, wherein the cross-

sectional area of each fine filtration section(s) in the downstream row of

pillars is larger than the cross sectional area of the coarse filtration

section(s) to which it corresponds in the upstream row of pillars.
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arranged at one end of the row, and a fine filtration
section arranged in the 5 mddle of the row. 12. The

workasot4oni dic filtration unit of claim1ll, whePEl/fG1006000242
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di stance between adjacent pillars in each of the two
coarse filtration secti ons increases towards the end

f th fl '
2| a,1melg @,u‘épﬁwg trggcé@mtﬁfd%n&aﬁ %l%fnzée 'g?lﬁ 18" Wh&ein the
conw LEBaNP rdW' 8 plfafs!Rophpriids! 86 ouarseififtratior spcildam each
gpaced apart 1pr om each other at a distance

aboujrrahgn;d atrohecersb obiing royr, engd afingfiltiadips am@%.aﬁra@SEH in the
pillar is t%aced apart fromeach other at a 15

di st%‘ﬁé‘@@? gd8Wt 4 m 14. The nicrofluidic filtration

unit of any of claims 1 to 13, wherein the pillars

have a cross-sectional shape selected froma circula

shape. armhesinhicpifiuidic fitrafien unitoef p@jmmﬂsmg[@emamp Z;ilstance
ralndrop shape

: Th fJ
uni tbedweghya cglptalpﬁérg |p§eaq1 rc&htgﬁe %dalrgéaff rQﬂon sections
havq, &rebBbWRardItAB SRR theal, Shape compri sing N

poi n section arranged to be incident to the
flow of fluid, an elongated m ddle sectlon and 25 a

oL or b i The mIrOgC, ﬁﬁﬁaﬂﬁfPﬁeﬁ'tf"'toqy cffim. 127 whereln the coarse
merﬁfrﬁtnénﬂ%&cﬁbﬁ éfi‘)r éqer‘PQrdUpaoﬂWI@rﬁ qéwiremeeac pillar is
con or

etch mal deposition. 30 17. The
ni crsgdosiddapart flont aaclomthen at @ﬂlsémpagpf abaityg 1in,tgndi g second

wherein the _filtrati.on b er. |
r eac@PYR QOH'gaFSnW[‘ﬁEe"F 1S5C @h ngl él’g?% \r}%each other at
2008402420 REHUPLRG6/ 000242 1 eact ion zone

conprising an enlarged cross-sectional area relative
to the <cross-sectional area of the inlet. 18. The

SRS
][n u::tr ﬁfe-r o ‘ghédﬂigrcg@a({lfaqntrql n| { gﬁ) E g?g}‘ng cgé ﬁ'l fr 01232t A Cjareln the
Pr oXpfiBiL hhfe td'@rdd¥-Sdctional shape selected from a circular shape, an

elliptical shape, a polygonal shape, and a raindrop shape.

15.  The microfiuidic filtration unit of any of claims 1 to 14, wherein the
pillars have a raindrop cross-sectional shape comprising
a pointed front section arranged to be incident to the flow of fluid,

an elongated middle section, and

a substantially rounded rear section.

16.  The microfluidic filtration unit of any of claims 1 to 15, wherein the
pillars are formed via deep reactive ion etching (RIE) and conformal

deposition.

17. The microfiuidic filtration unit of any of claims 1 to 16, wherein the

filtration barrier is located in a reaction zone in the fluid chamber, said
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19. The mcrofluidic filtration unit of any of clains
1 to 18, further conprising a housing wthin which

wo b@sfrard chanber is arranged. 10 20. The m cpPOf/bG2006/600242
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filtration unit of any of clains 1 to 19, wherein the
houseagti@ozpné sesmisiigaareriargedsupss-sacionaiprea relative to the

i ntermedi ate pl anar nber attached to the planar
basé“@%ﬁﬁ??té‘?'%l akeq Bf{l%t@%tredi ate planar nenber

havi ng a hol Il ow central section surrounded by side
wal I's defining the fluid chanber, and a transparent
cover8.at t Hohaticrafluidie filtratiomeaniatoé ams of| dlams nedpet?, further

. The nicrofluidic filtrati [t of . claim:
aneraPRHo s mtcie st oaed Bioas W B,

nore fine filtration sections in the first row of
pillars in the filtration barrier. 20 22. The
ni crd. ui The midroftuidicofiltration it afamy o ¢Jaimg 1 to 18, further

wherein the base .subsirate. [ '
ronsemarang s agrsing yingr woish s TASEREALEE F dtrdiba.
filtration unit of any of clains 20 to 22, wherein the
25 transparent cover is renovable. 24. The

mi cr20) ui The rhictafluidic dittration unit ofapy & caimsnt ta 19 wherein the

wherein the mcrofluidic filtratj | t .S

connBRYSIRTt GOBRESES AoP'@NAH Ha¥a lﬁ@?’gg{%n?b brggﬁg i %%s planar

Ml ' | a8l  adaid IAte?medite planar
hﬁ%&g{ %ﬁé?ﬁﬁff‘d e BiePlap Waeel subdiene adai edidie plan

m crof !l ul ation unit of Caim 24, V\herein“%ﬂid -
ni cr nfdmibeti lnaving athaiper central sestiou sugorded by &ide wallg defining

t he groyp. consi stin f . mcrom ] u i
i or o B P A B VDA PR AR oBoL, Fermediate
26. A esingbr.filtering a fluid containing particles

of a predetermned nom nal size or range of sizes,

conprising passing said fluid into a mcrofluidic

filtratiog unit defi.ned in. aj -

27 Alret HbE @pr%ﬁy&gé@tr%&nnp@?lfﬁﬁ?léb %b, {évﬁ'érélnttﬁe SRie Walls are
pr edes st BlNeta8idil ofifereofine! firgtomfsestions ifrtben first row of
fluid,” conprising passing said fluid into a

m cr pillans th the filiratiombadierunit as defined in any of

clainms 1 to 25.

22. The microfluidic filtration unit of claim 20 or 21, wherein the base

substrate and intermediate planar member are integrally formed.

23 The microfluidic filtration unit of any of claims 20 to 22, wherein the

transparent cover is removable.

24.  The microfluidic filtration unit of any of claims 1 to 23, wherein the
microfluidic filtration unit is operably connected to one or more microfluidic

unit operations modules for processing biological material.

25.  The microfluidic filtration unit of Claim 24, wherein said microfluidic
unit operations modules is selected from the group consisting of

micromixers, micropumps, and microreactors.
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10 28. The nethod of clains 26 or 27, wherein the
particles are selected fromthe group consisting of

wo@e@ane47d i ssue fragnments, eukaryotic cells, PCT/SG2006/000242
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prokaryotic cells, and intracellular organelles. 29.
The nmet hod of claim 28, wherein eukaryotic cells are

selected fro 5.the .group .consisti . ;
cel 149-an Wﬁ%@éﬂféﬂﬁr'aglal @9'8 ﬁﬂ&ﬁh@aﬁ%ﬁgggy @aﬁ%ﬁgermmed
cl ai{GiniA8) tefze? Or m@ee'om dipés, | born@risinigs phssihgdsaitir fuid into a
bl ood, urine, liquid food, and water sanples. 20 31. A

ni crmicrofiuddic filtratiaratnibas defined irf any of elginsd 1PB£%i cl es

of a predeterm ned nom nal size present in a fluid,
conprising: a housing having defined therein a fluid

charger, _R%étﬂb&tof%&fkﬁﬁﬁ’%péﬂi_cﬁ@é 6f fpusderermiined nominal size or

introducing the fluid to be filtered, and an outlet . .
def iaede dfsizesi flomauluidgcomprigingassiiospid fiuidinigya microfluidic

flui and 25 a filtration barrier, arsanged within the

fl uifﬂfr@%@ﬁ’as%f@eﬁlp@pm Giim a?r?)léei conprising a
plurality of pillars arranged substantially

per pendicular to the path of fluid flow when fluid is

i nt r2glucethé methoteoffdlaims 26 Iesrfe wheygingths pariiclesiaremsglected

aligned to format least one r ngli r :

sai dT% eogrqqupanjslﬁﬁo\g Ogcprﬂﬂﬁigeﬁ#u%a%ag}en?di % syyotic cells,
| eash oRARdiReRE, Bnd iritfateildlal ?%éﬁdllbé.ati on barrier
conprises 35 WD 2008/ 024070 P SG&006/ 000242 at

| east one fine filtration section conprising a group

f pLlLl t hat . '

Lo b0t 11 Tap BRerRUmIEan 70, WfpieihBuRBTUHS ballf Bl Seietted from
adj afRNroRb! doissting st re@ bifod esistarehwhite dical cells.
filtratTon section conprising a group of pillars that

are spaced apart to permt the novenent of particles

bet | id ] i oot lyui g C
f ie| }/\ggp i gﬂh%ﬁg{‘r\pg%fltq@{)%ﬁ ﬂéﬁ%sé??%%gg \Ag#@rgfncthe fluid is selected
pr edgbg{ BloBEJurid®, IREM fidld, shdevateesamplésn a fl uid,

conprising: a fluid chanber connected to an inlet for
introducing the fluid to be

31. A microfluidic filtration device for trapping particles of a
predetermined nominal size present in a fluid, comprising:

a housing having defined therein a fluid chamber, an inlet defined
in said housing for introducing the fluid to be filtered, and an outlet defined
in said housing for discharging filtered fluid, and

a filtration barrier arranged within the fluid chamber, said filtration
barrier comprising a plurality of pillars arranged substantially
perpendicular to the path of fluid flow when fluid is introduced into the fluid
chamber, said pillars being aligned to form at least one row extending
across said path of fluid flow,

wherein

each of said at least one row of pillars in the filtration barrier

comprises
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filtered and an outlet for discharging filtered fluid,
a filtration barrier arranged within the fluid

w@eb@sbat70 said filtration barrier conprising BCT/SG2006/000242

10

15

20

25

plurality of pillars arranged substantially 15 .
per pendi call least one ffinegiltration sertion coMeHSed rpup @f pilars that

i d d i ; C . ]
al | e soece el preehyRAOR ot Bk fiod Tohy I Wid from
sai drRRiry Kétwielen! Aljacstwpildigr ei n  each of said at

| east one row of pillars in the filtration barrier 20
conprisesand | east one fine filtration section

o brbeERt ofndoptis MiseBon e tBerifh AREGHD ARl frat are
fromy,aend npPetyessmaditae emovBirdnerof partitles?betiveen adjacent

| east” one by-pass section conprising a gap which
per npillare&.he novenent of the particles. 36

32. A microfluidic filtration unit for trapping particles of a predetermined
nominal size present in a fluid, comprising:

a fluid chamber connected to an inlet for introducing the fluid to be
filtered and an outlet for discharging filtered fluid,

a filtration barrier arranged within the fluid chamber, said filtration
barrier comprising a plurality of pillars arranged substantially
perpendicular to the path of fluid flow when fluid is introduced into the fluid
chamber, said pillars being aligned to form at least one row extending
across said path of fluid flow,

wherein

each of said at least one row of pillars in the filtration barrier
comprises

at least one fine filtration section comprising a group of pillars that
are spaced apart to prevent the particles to be filtered from the fluid from
moving between adjacent pillars,

and

at least one by-pass section comprising a gap which permits the

movement of the particles.
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