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WD 2004/ 022983 PCT/ US2003/ 028514 | npl enentati on of
M crofl uidic Conponents in a Mcrofluidic System

woReioanze¥sAppl i cati ons The present invention clBECTES2003/028514

priority to U S. Patent Application Serial Number 5

10/ 32 ' . , . BrQVieS k
pat ontmRaan i it B RBERTh it cotitnent i WIGPHIRAAE Ststem
Sept enber 9, 2002, and U.S. Provisional Patent
@hﬂed@l?@%aﬁ&id al  Nunber 60/410, 685, filed Septenber
13, the contents of which are herein )
i ncor paeRreaniypveniroa s pripfity tg Lb$. RatentiAnpisetionSerial Number
T i . . a _ . N
PRSI DR 23, K025 i oM Ab) Al S oo
M@V@maf)tﬁéemﬂ;@témber?; eopz, aladé ms.immﬁibh@erafttlﬁit @fjp@ﬁcdtﬂm$ erial

stem nmet hod for inplenenting nmcro i.di c )
REE G2 10608, Bied Soptemoar 12t b bopiaaiegt ol B hetoia
.'iﬁ%%ﬂrht‘é&‘ggﬁgf%’i;%é%“ ui di ¢ devices and systens provide

t hods

i mproved of perform ng chem cal, biochem cal

dieldlwf theokyiventiomnal ysi s and synthesis. Mcrofluidic

devi c and systens ow for. the .perfornance Qf )

ol e B enE TR aBleted o Bl bVl B B bondling fluid samples

Ol PnRATRAIB &P Mb?@ba@rﬁhul&il‘%'tﬂ&ﬁr%se‘iﬂ fivefiBon fellitd 1B %%?ﬁem and
a

m crof | uidic systens gener y. ‘conprise conventiona
‘mgthedfor unpleaenénemigioBuidisafungtions & ¢ pierafuidicesystem.
handl i ng and 20 anal yzi ng chem cal and bi ol ogi cal

speci mens. Typically, the termmcrofluidic in the art

Befckpround of\thé Biventiondevi ces having a network of

processj ng. nodes,. chanbers and . reservoirs connected .

by chafiseiiudic devigesand systems Rravidesnmpageedppheds of performing
o405 528 5L R TR R o AR PR o
tshigistes ellas fordbe pérdoralande ofmsitiestep, andtirspéees dhentical aperations in

SR Eh BTG AT HANStR DEGT T RObAsPL SnCPEgsystems generally
QOIS ¢ ARHID GhitrsIRRdE Abe pARIWPAY daPHSIE of HAHABGE and

of chemnmi cal operations, such a reacti ons,

seplariag chemicalandduologigakspecitisns cTymealin dipderny mierofluidic in the art

Lahl | | f ion. Th igh th h
DA PR3 R R SRR s

GEHRPINE donneettdlyashadfkl, he whhnbetiandls Gavetypical crogMéectional
drugs_and drug candi dates, and the inplenentation of

slirppsians imtheqangsdhetupernabeyh bl tintandiahioh e Lmorn Ksyart, channels
'hﬁ@ﬁé {Ras ErobPEectdfar dIRERASIER re?efrred to as ‘microchannels’.

In the chemical, biomedical, bioscience and pharmaceutical industries, it has
become increasingly desirable to perform large numbers of chemical operations, such as
reactions, separations and subsequent detection steps, in a highly parallel fashion. The
high throughput synthesis, screening and analysis of (bio)chemical compounds, enables
the economic discovery of new drugs and drug candidates, and the implementation of
sophisticated medical diagnostic equipment. Of key importance for the improvement of
the chemical operations required in these applications are an increased speed, enhanced
reproducibility, decreased consumption of expensive samples and reagents, and the

reduction of waste materials.

-1-



10

15

20

25

30

the chem cal operations required in these applications
are an increased speed, enhanced reproducibility,

waele@nezoesl consunpti on of expensive sanpl es ankiCT/US2003/028514

reagents, and the reduction of waste materials. -1 WO .
2004/ 022983 PCT/ US2003/ 028514 In the fields of

bi ot echnol ogy, and especially cytol ogy and drug

scr eedi ti, ﬁdidlﬂecvfd)ioﬁeshxmlcvgge dnd enpehhl%cytblbgy ghddiug screening, there
f.iltration of parti particles. that
o B BT B2 ol Gaole petiaties SnRicl o require
FatrRiR0fe PArifR IRl of\é@l'lst Sudh a@‘?)‘ijoo‘?lﬁilété st WHRE BHRdells, tumorous

cells, enbryonicT cells and t he ese particles
&ﬁ]és @Q}b@(ﬂnw qels @nd thetldee Sthesaparticles are Iespecmﬂlyw imtmespyin the field

g cles a ular species s ch as
pr 0 elo%g R esaasi%l&ﬂ%clrz}) IHBJ@F@BE ﬁpagg % PFYfinpapnZymes
ahd pab/tmx@le@ﬁdd:ss Tis Pakily &ﬂﬂa?ﬂiclésri'é Sfﬁeﬁ‘hcﬁlﬁlr ﬁltb%esft ke Rld of drug
drug . screening during the devel opnent of new drugs.
seresingHigngthe dRecloproentiaf aawivegspr esent i nventi on
provi des a system and nethod for integrating
mcrofluidic conponents in a mcrofluidic systemto
Suabharyt dfeheleventtioni di c systemto performa sel ected
m crof] uidic function. The present invention utilizes

a cappifigrsigidnyention QF‘?Yd‘ilqﬁ‘gj‘ Séfsﬁ%ncqn@}ﬂill?}h‘éﬂ for @nptegrating migrofluidic
@Sﬁqf)@ﬁéﬁ'tsrlﬁ a%nﬁ}di‘ﬂf?&ﬁ: Wdibh b Hlﬁbtl ml&% ufdid @S% ﬁerform a

modul e I's stacked on a mcro |csustrate
m‘ﬂctr’tgd migrofleidis] ﬁl.mttmng The preseovmpentmhartilines acappiofy modhle

on_i.nt According.to_.q ect, the
O Db Bca s Enstch e  Gie-SySRE RS, e Sapping
mam‘lh bia6lted dBt MidrOMuidRRAbAEdBEvESHRTSMNER, pmsm
a compound, nDV|ngpthrou gh a 20 cl osed channel sys
1

dicopnpsate fhermpicsofuadic fenstignfintertemsystsorponent s. The
filtration system of the invention provides a
filtration nodul e that can be assenbled at | ow cost

whi | e Acpordinigdb 0ge aspeat; G 1@’0@1&@@&’@1@55 & thickfiltrBGorBsystem in a
of conpounds unit of tinme. The

nt
e Brior dhag 8 SORAFRTER FUbEBEF% SEeh G APEHONBAATOVing through 2
PREET @adndlis|di&h otf% ﬁQ}y%%’e ihfdf ff@rentnao ég){ngﬁ't's d;rﬁ? Iﬁgcfattl%Wsystem

formed of gl ass, astic or ot er sw
PhHthedavention p:foahies adﬂmhdn bdwult thencayist sembiyd evlopr dosewhile

a su(g-s stemage5| edfoéo be inserted fmo a standard _ .
Rro%ips th ehcer U153 A s ATORR PECPTPPRAGSGHFT Walh of time.
Thé Uiérofltiavien sflsltélh 'ilﬁ% Afes SYRFRTbh A Glentii nd MRerfté@Wolo gy into a
paths separated by a nenbrane, which separates a

gugreflaidicsystenviorged pf glagsh p]astiq ¢lsptthefrlsumahiamatdml sThe
ﬂh&‘éfa’bﬂkﬁ@& ﬁﬁfﬁtmﬁ%?s%n\{?nay compnse a sub-system designed to be inserted

into a standard microfluidic system to provide on-chip filtration. An illustrative
filtration system includes two flow paths separated by a membrane, which separates a
substance flowing through a first flow path by size discrimination. Reservoirs are
formed on either side of the membrane in communication with the flow paths. A
microfabricated cap is affixed to the membrane to define the reservoir on the top side of

the membrane.
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forned on either side of the nenbrane in conmuni cation
wth the flow paths. A 30 mcrofabricated cap is

w@kdounza9s8t o t he nenbrane to defi ne the reservoPCT/ONDIERS514

top side of the nenbrane. -2 WO 2004/ 022983

PCT/ US2003/ 02851 Accordin Q_another. as . .

el ect ROTRARE BA GP oo AR PR Sl g he inlworated into

hterefihidichyStesMShfa ¢6pbiig drueiBPhdvingdledttintigaetiavalng

el ectromagneti c val ve conmponents, forned therein. The

eqmepanesiydepmeditheriy Ve slapiomagnaici vakie FeEpanents Hstudsa

ﬁl%ﬁlb?a%le QG ée}égiiyelfbﬁ%ﬂn%&ﬁ&%% F DD nfRE cAhmTB{cBtion lzr)orts ina

conmuni catron ports 1n-a su rate and an actuato

asenblayd hosctenot dssérhblydoi dumtptifigtthepositfiort difthererembaare.

Brief Description of the Drawings Figure 1 illustrates

a mcrofluidic systemincluding a capping structure

ﬁp{efﬂ?f?‘dg odldr e PritvhifeQf | Ui dic function into the
E%"c—smn'l—% Figure 2 illustrates a

di agnBretiecl iffustraséd aingirofleidiqsysteint iabluding @rcappink stetyregfor

mcrofiltration. system accordin a.an illustrative
R AR TSR E G e Tgengds tygen

pers pﬁfg]hfe\@ﬂl_u@twésSa &R6hHBOFhicrIRWiOENip BEitable for including a
mcrofiltration systemin the chip of Figure 2 )
mdwofiliation systeanagcording fopar Wastesiys gmbediment of the mvention.

i nventd on. , Fi 1S [ . . r :
o P Bt R LAY SR RS PR30 n i
bhip lolf ?fgl'uféll escotdig to a&fid!lﬁ?twtive airdbddimagnt of the evention.
mcrofiltration systemo Figure 3. Figure is ato
vi ew BISUTGLISH d@F%%Fi VigWa et e mspalirans %thﬁ%&lif’é?té%ﬁqﬂi Séﬁ}fﬂg of
Eié’?e?' top view of the diagnostic chip of Figure 2
ore assenbly of the 20 mcrofiltration system
Fi gur Bigdrd Sillastraips the emicofatirivetedicag nbtht inviciolfiltpativh system of
Ei ure 2 after assenbly of the mcrofiltration
Séf Figure 9a is a top view of a two port direct
m cr ofjdutd @fs'aQB% F)% SMha B SloBitRioh Qyséin o IFiREA3L €
enbodi ment of the invention. 25 Figure 9b is a
per s pBiguie/isartop yieseef the diagnodtiswhisf offffigure 2 before assembly of the

Tt alikbigidgn systemof  Figure oa

Figure 8 is a top view of the diagnostic chip of Figure 2 after assembly of the
microfiltration system.

Figure 9a is a top view of a two port direct microfiltration system according to an
alternate embodiment of the invention.

Figure 9b is a perspective cross-sectional view of the microfiltration system of
Figure 9a.

Figure 10a is a top view of a three port direct microfiltration system according to
an alternate embodiment of the invention.

Figure 10b is a perspective cross-sectional view of the microfiltration system of
Figure 10a, with the microfabricated cap removed.

Figure 11 illustrates an electromagnetic valve incorporated into a microfluidic

system according to an embodiment of the invention.
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Figure 10a is a top view of a three port direct
mcrofiltration systemaccording to an alternate

weriedayent of the invention. Figure 10b is a PCT/US2003/028514

perspective cross-sectional view of the
: 30 Figure 10a, with the
ved. Figure 11 illustrates an

el e CtTKHEi%ﬁt 1|11€erltﬂin\»tﬁowﬂés)2[ PralBecdtat Sltatioh sysdérh tirdillowing
system according to an enbadi nent of the inve

qm:mn GiltrasippansiioetionUs e amat o gi a saniple. a?fh%an@egaﬁs’ﬂpﬁ?qi éﬁmﬁon
Cr 21?1 %Bé’ 1?5%? 24 w?&?vﬂ{e?? SPLppiBM RIS 01?912 ?ﬁg%’\}»ﬁgﬁ)t fimited to blood

rca 10N Stem
saparaﬁmpaﬁd ﬁltra*&tn icrodislysis, estioohenicaleaplysiatand syghesss

npl Th fab ted filtrat . )
APPBERIcHS hagy<diiry R PrgH CaBps Sikey TG and HOCRToL i
Blicdd t’l‘flg tRedtliRPhtion wift Fb@ rd@édri‘B@d adwf rlafah’ifélid Aillustrative

crodi al S, mcroc em cal anal ySI S and synt esi s
captpidimenti &lhssd shiltedrie dud aﬂawall apnrecnae tten therpredeat ingerfion may be

Su stem and the fl tion

i A AR e e A o e LR L

s@@cﬂﬂ'cﬁl%sﬁﬁﬁéd M8ts a%ﬂ'ﬁ@aﬂioﬁﬁ@ the phit@GarekiboliRgertdégi@edhdrein.
| appreciate that the present invention may be

| rrpl enented in a nunber of different applications and

enbodi,ne fe 4 3.

appl | CRUSREn@E, e ARk hBe R, KER 0o ofigh B abd bF

BedBh#) . proddssitis eftctiag endlor ddabyzirgy a'lﬂulmsmhp]‘ellmlddmg at least one

refers to a systemor device for handling,

chapad haying mighogeals digeasiandr anal yzing a fluid sanpl e

including at |east one channel having mcroscale

di mensi ons. 15 The terns "channel"” and "fl ow channel "

as usEk teensefohamef’ e arsl ‘fﬁovaclpwnb]x’/i/ay usefddrenaidl réfarsde a pathway

éhr pd g{,‘orﬁhrgﬁglag Trpgh?}l%tl 8%?@ OWSsHOL nlﬂr)r(g]\gl}glgtle I3 I%Sh éucl‘rll as%fqulds and

gﬁseg of kil Sy b oMcRITRIRE §\§%ltéfn BRY& a1y DE e ER6-bRfiahal
di nensions in the range between about 1.0 gm and about

dif@nsjons jnrthé mngbbstwisen wlemn 120umbaond ebas 5§ouan @refbably between

T
YRR P i

arficlenigti of i@ fRinostemnelc Thedanges bredateaded.ppinclude the abeve-recited

limts. The flow channel can have any sel ect
Yalues as upper or lower limits. The fT ow channel can’have any se? ted S%Qpe or

t

arrangement, examples of which include a linear or non-linear configuration and a U-

shaped configuration.

The term “microfluidic element” as used herein refers to a component in a
microfluidic system for performing a microfluidic function, including, but not limited to:
passive check valves, active valves, pressure sensors, connecting channels, membrane
filtration units, threaded taps for external connecting tubes, compression chambers,

pumps, and others that may be known to those of ordinary skill in the art.
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arrangenent, exanples of which include a |linear or
non-1|inear configuration and a U 25 shaped

w@ooviozpesat i on. The term "m crofl ui di c el enentPCT/ES2003/028514

used herein refers to a conponent in a mcrofluidic

syste a 1. Qf t

hel g ez Tt LT ki Bl B b nateriel of any

auitdb&@cormbosﬁmn apd exzs wliclsmayg usad,to cepanete br ijerciubstmmdes by size
rane _g filtration units, threaded taps for

8§TB$H%PTQ ABESIYS: t ubes, conpression chanbers,

punps, and others that may be known to those of

ordinary skill in the art. -4 WD 2004/ 022983

PCT/ UShe 03m0 2815strate’ B esedchareih wefietsrta astipront stfickure having channels

sed reinrefers to terial of any suitable
e LR eRne S Eh mmy used to separate o
fllter substances by size exclusion or other

measures. 5 The term"substrate" as used herein refers =
to a Jhbppems “eay & canpinEmp Ay c’c hihed hereitf igfarie) a stugtatenwhich is

r. C n M
VR Dot o T8k 8 i B0 3o0ed SO0R) Bl o
fdrencdafang sda:taﬁnmensmd Baviidhamiaofuiditsl@hent. Theicagping
any electgd s:ze or shape and, 10 forned of

1840 tg stack Qg OﬁﬁQIFlHﬂU%FaPﬁ Wlb?he@}ﬂaﬁt@tee%efﬁlé}wr partially

I&ﬁ fé@@pﬂ{ﬁq a{fpdul e is configured to stack on or
co ni cate mnth the substrate to fully or partially

conplete a fluid path. The term "substance" as used
u cr.of |

her ei fers t any i al idic. .1

e oy B R et R By ra i s Sicroftuidic

gﬁﬂsegu ﬁﬁmdlﬂgobmdt Eisniteditd bR@Sical @ldpSundsPRioldctle8 Sviruses, cells,
eads, buffers, or any other material used in a

pigiclss) hiads, bufferscersany ofikes maserial upsddin efrnigrodluddie presesson”
as used herein refers to any operation, function or
process perfornmed or expressed on a fluid or sanple in

a m cmhe heﬁndinﬁcmmicﬁﬂfmﬁﬁoﬂl nessl used H@clnbﬂiermtanbrioﬁbﬁaﬁdn function
to: filtration, dialysis, npi ng, fluid flow
Pé@li%isupaﬁommt%msm@lgm ﬂl‘iﬂé of FaRPle Aee pReroflpidic systean,

ichﬁﬁHm%D Rt notﬁﬁ{;ﬁeﬁstol ﬁlt?at&hr&iﬁfgﬁg,ﬁg%@1 rf%‘sfd ﬁggrgeédlé’ﬁcﬂl,

conmmuni cati on between two e
bextenlhng fpidfjow aeffthe iike.o a devi ce suitable for
i nt aki ng and di schargi ng
The term “port” refers to a structure for providing fluid communication between

two elements.

As used herein, “pump” refers to a device suitable for intaking and discharging
fluids and can have different sizes, including microscale dimensions, herein referred to

as “micropump.”

The present invention allows implementation of different microfluidic functions
into a microfluidic chip using a capping module having a microfluidic element for
performing a microfluidic function. As shown in Figure 1, a microfluidic chip 10

suitable for implementing an embodiment of the invention comprises a substrate 11

-5-
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fluids and can have different sizes, including
m croscal e di mensions, herein referred to as

w0 pdogiozgesdhp. * 30 The present invention all ows PCT/US2003/028514
i mpl ementation of different microfluidic functions
into a mcroflhuidic chip:H4si ' : VINQloB
eVl b i Ol BaftieRas iRt R i pol i idin
Thedw GRanné tehgport fluid Birgugtetht miaroffuadiofystendil @ farpirpceiding,
sui table for inplenmenting an enmhodi nent of th ) e
hangling, jape oF BeFFFIERGAnY wilRale oReration on & Igpidsgomle oo gcrofluidic

/ . i . .
L R S by IO e R S T P e i s
thtonigh dlieanived fuidic apsemarlO. f 1 ui d t hrough the m crofl uidic
system 10 for processing, handling, and/or performng
any suitable operation on a |iquid sanple. The
i cr of b W L oWFoh it isdateel 1, and ma
oS Sidifin FRURL &1hd od e o me 1 o e gnd may
¢dnnesi dd therserfadenafdlie siibdirate yjesonsmr hiore semutsigatiompeiyliacand

the fl.ow channgl i.s for.ned in sy rat £1an
oy A EemBroge Thedulifns 80P ik QRER: Sl bR ne o
ﬁbrmn@s,gp}eamféi seddorOOr RRE ompdaedTor pekRPminy Lappogdic
nodul e 15 including a mcrofluidic elenent 18, such as

fanetion, ésplacsd@verthe subsbiate Mdpfern a glosedstivid path sAgcgrding to an
ot . e E i ]

Sl SHEBARSA, ki BTE PRI PR IE et

wutisg duid flovd thiaigh. thédadaochangelt apoward anathicestnatwre. The illustrative

enbodi nent he cappi ng. npdul e [cl ude a connect or
wawwe 1T studes v GHpTHGIcroR BT Bl | Sﬁfg‘ffof’ﬂ%"%ng unconnected
WofleRGPANNELs B8 ABREHARRY 86 1Rl fubGtaE SurfabB8&hough one skilled in the
i FTustrative substrate 11 includes two communication
powild ret8gmze thatvarietions wmay heotaide in tha sizaembey and configuration of
egnents. 3 3b, of the flow channel 3 to the substrate
@’ﬁ%%&mc{aﬁ%ﬁ?psowg WFlPaé]&efsh the art will recognize
that variations may be nmade in the size, nunber and

configuration of the comunication ports and fl ow i
channéhsillugtwsive chpping sodule] & apyiingjudarannector paylp for interfacing
i necl.ude connect or r f ' ' i
e e S e s T e e S gt
prévide aciAdio phthtbetweehaké fiast aodeuiodport pad the Be¢omdesontdvtor port.
first_connector _]Eort and the second conpect o%%‘P%itt'
Opesigiled mdhe aih wilh gecqprizgiliaf thesapiRg modpledna pye sty

; L i i 1S not
B B e ol o T L g
t he cappi ng nodul e 15, mcrofluidic functions, such as

filte rﬁtsfngr‘gl’le (%&)I?ilng%rlldc’dule 15, microfluidic functions, such as filtration, dialysis,

pumping, flow control and so on, may be integrated into the microfluidic system 10
without requiring significant modification of the substrate 11. A suibstrate including any
number and arrangement of conduits or channels 3 for conveying fluids can be
transformed into a functional fluidic circuit by selecting and placing one or more
capping modules 15 with a functional microfluidic element 18 on the substrate, i.e. chip.
According to an illustrative embodiment, the same automated “pick and place” surface
mount equipment technology used to make integrated circuits may be used to form

fluidic circuits on a substrate having microchannels using various capping structures.

-6 -
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punpi ng, flow control and so on, nmaybe integrated into
the mcrofluidic system10 w thout requiring

w@e@naioiogant nodi fication of the substrate 11.P@EI/US2003/028514

substrate including any nunber and arrangenent of
SAnEME picknd RS B&liBment i mdnfl ' ' Ciap. i

t ransf gr ne ?)nt 0 il‘lu?rlﬁlnlcl:tli onagj] Pd}éﬁ%%d&?}éﬂgﬁ%ﬁ?’t by(lpﬁIntlngdon
Séllleyt R A amnng ptheisi ng one or nore 30 cappi ng nodul es

15 with a functional mcrofluidic elenent 18 on the
substrate, i.e. chip. According to an illustrative

enmbodiTembricatd el gidFciRUIt OB CRshne R F# ROELRIFAS ] may be
surface nount equi prment technol ogy used to make

impanafpcarediby ¢hip gilerofabeigatien. (Bhschenndioenplumhbingdiay be fabricated by

| i n ubstr at Vi m crochannel s, usi ng ..
S e A S H Rl 0 RolleT bEBARERS R e hation of
BEONUSEBNIRL08 8hd4se the hhidizhentRiss ko PhiacecieatElp MR substrate
i's manufactured by Manncorp, |Inc. (Huntingdon Valley

PRy, bedRbhey! Aftme o5 MoTw lay aisicoBiaimingetthad penels Hangre complex
SRAIESLS o 34! B e 8 S B M i s
lsebdtater to catredt thy miedochirmgl foainf excdiion swifsce ioff thee ubstedte. Suitable

ubstrate, .foll owed by bondi ng and/or | ami.pation of a
i@?ﬁ%@%ﬁ% GHPsH g e Serue AR bt POLASAHERS lasgretabing.
PoWiEr BIEHABRE bther REMAHBIIUNBHE in HRYarD €A G HE thvela®io Qhe
nore | ayers contai ning etched channels 1 f nore conpl ex

Sthstrdtecand somoriication pors i capping Tveutedramingi aodesiret fipotiemlity is
L T e

shibgt.rate. Suitable techniques for fabricating the

conmuni cation ports include drilling, |aser etching,

powder bl asting or other techniques known in the art.

After xhe. j ' | ;

commu Lo caht Bhible dBer SHB SRR, B fonded g thesypptrate o
fimpat vanials ntigrofisididfundigshstto foriea sitisflnidicsykent. @hecapping
mcrofluidic co nent ipn the larger mcrofluidic 15
Efofdefﬁs {may, eﬁ%&ﬁ?\%@ g @alaﬁ‘?%bge oA asulstrate may e rejuseds

may be bonded to the substrate to inpart various

m crofluidic functions to forma mcrofluidic system
The caysponding totthuillestrativg lembodimens bhecappihgrrepdide badd eross-

t hat .. bst b - used. 20 A dj.ng, t
SRaop A i et LN asa et I 2p o oaOH B though
€036 SkillS@ i the B bvill ik dDBAiZO Tha thelIRYMBA iPkA Wimifed to this range. The

mllinmeter and_ about centineters, t hgu?h_ )
capping module may be formed of any suitable material, including, but not limited to

plastic, glass, silicon and other materials known in the art.

Figure 2 illustrates the architecture of an illustrative microfluidic diagnostic chip
that may be fabricated according to the teachings of the invention. The diagnostic chip
20 may include one or more microfluidic components, alone or in combination,
configured to facilitate processing of a sample. For example, as shown, the diagnostic
chip 20 includes a microfiltration system 100 for separating substances in solution, such
as separating selected particles from cells or other particles in a suspension. The

diagnostic chip 20 may further include one or more reservoirs 90 for storing and

-7-
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those skilled in the art wll recognize that the
invention is not limted to this range. The capping

woreadloz2oshny be forned of any suitabl e naterial PCT/US2003/028514

including, but not limted to 25 plastic, glass,

§h}%>pl91ﬁ§ sfle Oehieint BRO@ES @Hnﬁadﬁﬂ@é’% the syfsﬂa@n %twell':dsgiﬁfe Sr fnore

i ITustrates the architecture of an il1ustrative

ma@teowemcum&1d‘ma@ibsumg:sa@mlpwasthafrhqdmgmsﬁbasbxpl way Gutther
nventi on.

21%2% e ogl[e tnl(;)oﬁ‘% 1qu2>glalc hi %&qq{ﬁidtgg@ﬁéo% Forﬂgqlgnts Quch as an on-chip

Rireplefdilutioh Sys %ﬁﬂﬂ‘@ﬂﬁﬁbéﬁsm@'a‘%ﬁﬁpw stdh a@.%@ﬁbﬁﬁfhfkg Qixdfe of a
configured to facilitate processin a sa For

é&eaahféﬂ amous of samitie anm@aamag Hesexamp ?@ hlilqﬂlzstratrv@lsmielsl ipcludes a
bst
PSR b At 8 Y oL B PeoR OR 2B b ARG o

ﬁeteanoﬁ 20 e aﬁﬁlyﬁhg erﬁm&rdt prods fioh the sltismmatﬁiﬁ syste@ 100. The
ﬂlagnostlc chi.p y further include one or nore

glseioy &9 puay y@h%%nyauaablﬁ geteridon modylityguelndingolgs not limited to
ﬁ%fels{%fqgg %2?@ thical léHEl é’lk Qﬂel@ Grests CARHU 204 pl%rﬁg %esonance

conpounds to t e syste as one or nore
(SRR), vauilcr-ﬁe@bnf:yg rtherolal amtlysmamiamnlbenamm therebiie The ch1p 10 may

di a c .ch may furt Qne or

SO ‘Iﬁ’é fOfﬁiﬂ@F%f}f?éﬁ%mRﬁ%&)@F?@ @ﬁ%@ﬁsﬂv@mﬁg GB#pngls and one
BNnRfe @ivamits,A08Ht6] GH bridfr e c%.‘xi?tfﬁ"ﬁmfu?% the m%%%hﬂ&f ﬂ*uld through
sanpl e, such as perform ng a nixture o 5 specif

¥ 3 gbititp chipa &nq%:d@énn theragt de@nngmze thhthe mlcroﬂuldlc

' I d t 60

SRR R el ARG e Gk TR bR e
aonfileir&dhoposHdnt ﬁﬁmﬁﬂﬁin&ll:bﬁ@uﬁtlﬁh bf teadripliPRitEddifR Bomponents
the mcrofiltration stéstem 100, The detector 70 nmay

mamez%adaﬁ%a@erqaa@? with dhepreseh YSEEeT- t y, i ncl udi ng,

but not limted to fluorescence, electrochenical

anal ysis, dielectrophoresis, and surface plasm

r esondhe ltiafioq SR 106 dF d}efprmnelmmuohhﬁhgiates aﬁﬁ{r@nslbﬁal
t hereof .. The, chip 10 may

d b,
%WE@%@@?@%@%WW BHerefBidiq %p BHEE f CORDIBE mpriulied The

the@l‘éﬁ Rydtbie cﬁrb@é‘ﬁﬁéﬁecﬁﬁﬁ) aﬁf@ustﬁ’l% RfRluflié ¥ﬁp W khable ﬁltratlon of
| ocated” on or off the chip, for driving the novenen

pirtitlesi CGHQ htmihgmubsth@es resnspérsiod withauh eequiving s1@1ﬁcant or

recogni ze that the
gﬁcePtL') |éc #tgfhc*"f ‘'mted to the diagnostic

chip of Flgure2andthat varlations in the 15
configuration, position, nunber and conbi nation of the
vari o F4gHPLh &@Gl%ﬁllés%% sremfabricatad fibeationgubsyitem 100 suitable

S5RGBT BEPAR 1L FBocimen

obthe émtentiom| Flgmerﬁ]ﬂlasteatés the eappirgrciodilo gy ulsditt % fabricate the

cr.of | ui di hi sing a c ing nodul e. The
H tration system %O(? acc%r ng togone em po%lmgnt of the 1nvent1rc]>n The filtration

subsystem is utilized to separate a substance, such as a sample comprising a mixture of
particles and fluid, through a membrane 110 and subsequently collect the separated
components. According to an illustrative embodiment, the filtration subsystem is used
to separate blood cells from plasma, though one skilled in the art will recognize that
other applications are included in the invention. According to other applications, the

filtration system may be used to separate viruses from cells, beads from cells, chemical
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20 filtration systemcan be inserted into an existing
mcrofluidic chip to enable filtration of particles,

W@ 2004922983 ot her substances in suspensi on w t hoRET/US2003/028514
requiring significant or expensive nodification of

r
AR RIS S it aESecipath MBblgh it 3o B igparate
Aoshdwipthe lﬁiifﬂtlahlsohsylstent h@D wsifomedd ditedily os yist reivraftuidic chip to add
Figure 2 accordjng to gne enbodi nent. o
filRrtpR P%mbl(flﬁi Qube iyt F%ngtswﬁ%abinﬁgeﬁ%a% gr gpense.
used to fabricate the filtration system 100 accordi ng
to one enbodi ment of the invention. The filtration
subs y’Eheiﬁﬂtraisomd;uHsyszted 1106 wﬁp@ﬂmcavaltm&smambmne éili’@h 1H3

FRRBHGR v TERBR AT Hes bt b G Bt pel SPpE ol bre

BRRALADLAsRD16 OTRONRIR Stive FERMGH §8tchDis Aol bm traﬁstveise filter,
enbodi nent, the filtrati on subsystemis used

wbi@h nagledep a@w fivid Agwinagnd Y] s Aepplying a grbstanse wiheifgganon
et a4 Mot BEBARCES ahdtbig, BdEL BREBMEHOW DA A6 for

apeivingahi ofvsveylirpes filkdred pRiduei.eys ﬁﬁfﬁtﬂ&yorb ¢hauledtidnsystem.
separate viruses fromcells, beads fromcell

Thvetist Hid Tlgwath 460 frshss 3 TietepupRshion gl lustrated as a first

&?&Eﬁéiﬂx@ﬁﬁl'{ﬂ%ﬁﬁié!rs%&s%e fiR86n SyERsh 4 BNEAR e irhéctlzqa The first fluid
nbr ane may Dpe used to separate

ﬂoivtpiatii MMmdummwanmmnéﬁmmrtdﬂhmmﬂeﬁ asuai ﬁtih eutlet channel

cro I.ui di c | tratio abi | i.t
thegnouigtenting Dieghlred bRt AR ot ot ying a
f@f&@ﬁé 6f the sutgankk iﬁbhﬁﬁieqntrét SikAMTH Qetdrid A1AE Slotv path
conventional nmenbrane filter 110 separati ng two flo

imgludss amineh ehasmbisi;&lamteraemtmgaa iteaie ehamhenbelowdhe m@mbrane 110 at

contr filtra LI
§ Bepd i aang g sedamei b Phafpel 137 Rttt R daBrodfe from
MeiflifatiodGlysteas Thefse¢dild ﬂlhdl ifldwipatim Joahby ier:Qldthr carrier ﬂU.Id for
supplying a substance to the filtration system suc
e@nvaying diefilterest piodueti A Bewaaurce diives the Hgw-pidhe wirure through the

f 'tlgrrl fé%s? ! g)g%f?%c% %&)&iﬁfom%@%ﬁﬁe&%&\ég%ﬁ? ?{ggu%}ﬂtﬂg SNdniate. The flow
fourée by mmp:r;setaﬁmff-cﬂip esyfﬁmgesmmm uimiclfolfahmcpaﬂipemﬂﬁltm pump, a

i nclydes a, first conmunj ort, illustrated
oD TRy £t o shites aors 1 i 3 Such B hose
ﬁééchf)éﬁ 1'an‘S ?Y&JlﬁﬁhﬁtPa?enft A&)ﬁhcdu’&h %‘énﬂ-lzN@ 60149 ddsrentitled

| ow path 120 includes a second conmuni cat i on
pMnctrpﬂmi:liCLSe/Eﬂegt &l Gemporfentsst (AdtoraytDedkghiNamben @Y Z-019-2), the

raieEbEPha it oo Wibecnt ot o or “che

subst ance fromthe filtration system The second fluid

f1 ow pa¢ MustkRledARFo MY dalaat it SH@ 8leml B0 hadtaaeREGEl Rehall
a filtrate chanber bel gw the nenbrane 110 at
footprint (less than about one mm®), resulting in a compact structure, low cost and

L._i

relatively simple fabrication. The particle separator further provides relatively low
strain rates with reduced or no blockage. The amount of fluid retained can be
significant, if desired, and the design is scalable and repeatable for additional parsing

steps, if desired.
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a second inlet and a second outlet channel 132 for
transferring the filtered product from the filtration

wGeyBnemsiihe second fluid flow path 130 may i nE¢TrﬁE20&3/028514

carrier fluid for conveying the filtered product.

flow [

20 fi ?ﬁé’fi olgltl g ot H]t off th egx%nt gﬂel%gfr%a g%egf&hﬁeﬁ% ﬂrgﬁdmg a
nﬂcrpﬂmdrctcﬁnﬁ imbhmlg’rg drhﬁtdmbomh@l oflfhe tvf/cb Ao cmameisalzﬁay 30. The

nprjse an off-chip a mcrofabrjcated
wpar@kyaf«r?qeés w?%ate%lsmm %i?%%%%%rlea&%aorgweﬁ eandoxs relagvely simple
ﬁﬁ fo@ﬂlg@t dt |h% %an%e K&%‘Mln% t Mﬁuﬁf&twe%ﬁ%dﬁﬁeﬁt hes @hlP forms a

escrl ed in S Provi si onaf Patent Application Seria
N{EESSﬂ@DmGQIﬁﬁﬁnﬂlﬂlOﬂl iwitth thévbecond flow dhanr®y $3@ab thﬂ thtersectlon 101.

BWtC yisepagatpd g &dby o 1ol
%@n@o nts§a8§ ahﬁrngﬁyip cket Nygb@gpggﬁgﬁ.%b }i 140, A

gﬁta%[eqﬁ&ﬁbmﬁél €10 | dfﬁié@tbl tM@mﬁersﬂlgﬁ@bahm a8 ahlal Finro@hht@ Rdhesive
system 100 has a relatively snal footprint ess

phetherzviahle &mrmmmecha@m (i) n@ver ﬂleere@ﬁssmh@rﬁbx ¢ﬁ,mngm geservoir
ati.vel y br | cal

beifF ol Bime dBtRbritafus PSS piRB RRO RIS g s product

Hiro@dhithé sdcesd Wotvthasekilded. The ﬁ@niblrmkﬂ@econ'ﬁirgeaﬁp gifitable

of fluid retained can be significant, if desired, and

lﬁﬁémé%@P@hraP%@%‘Hpé%F@ a%hd repeatable for additional

parsing steps, if desired. -9 WO 2004/ 022983

PCT/ US2003/ 028514 The filtration subsystem of the

pr esefhe illusieativeanicrefbiientddorappitg myoduieols, dhowgn & Figure 4 is affixed

ot B Ry S S L0008 e
4 985 %nc 190 Snbalets fnabbb aAbed uSRERANEHIoBriaihdstve or

relatively sinple and |ow cost at high
Adﬂ@mmmahlg fasterdng frechegtismad Th@llblmmemmmg nipsluteni 5p1nc1udes an

n_Cco ni c .h t.he .se
ko2 nd a FEG8 3 6412 pirei R ERV L &th LR M0 SbRF FCPShmect the
ik WosvhBmR) 12@Yithshé Rlttdtiah lcharfbgadbatagd chadETIBRbS a composition
divided by the recess 140. A suitable nenbrane 110 is

& g fléared Graugh the Slteationichrmberavit the sneveprare- aplieraphvedy, éhe
BB R oL LR A ARLFADN, TEIAL Mg
hff&e&tmhb auisstifate torigtegrawd thg filltheiohisk temechtpthedubdtraten ne skilled

sn1t the filter product. 10 th h the econd
ﬁ eRoghiEs thatthe GARRIE “ILFaV nebﬁwﬁgé to %‘ﬁ)’/ ustrative

%ﬁh‘bB@Heﬁt anidithdt8/akBoEHRY 6B MM o ab 28wk the té_z{&ﬁmgs of the
[ustrative m crofabricated cappi ng nodul e 15, shown

mveﬁillq;ure 4, is affixed above the nmenbrane 110 to
define a filtration chanber 161 in conmuni cation with
t he

Figure 7 illustrates the microfluidic system 10 including channels 3 prior formed
therein prior to assembly of the capping module 15 including the membrane 110. Figure

8 is a top view of the capped microfluidic system 10 incorporating filtering capability.

The composition to be filtered is introduced to the filtration subsystem from the
inlet channel and passes into the filtration chamber and over the membrane 110. The
components of the substance are fractionated by the membrane 110, with the smaller

components, such as plasma, passing through the membrane, into the reservoir 140 and
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15 first flow channel 120. The cap 15 maybe affi xed
usi ng an appropri ate adhesive or other suitable

wo a®imeei9sy) mechani sm The illustrative cappi ngP@DUS1083/028514

15 includes an inlet 162 and an outlet 163 in

: . : £ . c

R ool i o) o0, g e R RE PRy SR DI cols, passes

dhrangiethe fititatmmdhembbt ® thé owtled bf the dusipftsy thamel 129. be

filtered through the filtration chanber over the

menbrane. Alternatively, the 20 nenbrane 110 is

af f i xedcoiaiiob e fIRstrid CRMRURERHY kEhshateatdhd Meerofluidic chip

capping nodule is affixed to the substrate to _

inretyehgriatmeed ofegldss) plesiic, siticery ghatn, cenamicswr asylother apigable material.
e skilled .i.n the.art w.ll recqgnize that the

T8 gl Tk P Lot R v 41468 YR B i oplat g o lavers: the

RHPOMU MR Yapaiifix dd@tthy iip & Heme theditReioNBdesystem. In a microfluidic

accordance with the teachings of the invention. 25

chigfpened ofinlastics the semppreents By be sipmped ye theplasic substrate.

i ncl udi ng channels 3 prior fornmed therein prior to

assenbly of the capping nodul e 15 including the

menbr areorliidy toRingiltematBemisodimérosheivavin @i gurbed cam the

m,crgiluidicsstemlOincorporatinaifillﬁeriig)g ..

CHFQBTFAt0Y) SUBRYStPHEMAY APBETLS I orRPTh rgqt filtgy L papuprising 2

I REHCA h@ricl§ntblal fii@ fHo@ hafitHY As&RbivhORb was-goﬁ 8Lt filter

channel and passes into thefiltration chanber and

d¥érompraseserfinid Aewipbth 18hrmedimpomenofuidic subsfrate, which is divided

bst f i apat ed t h 110, with
AR AR Pt J6H nRE SEombhekih, [EEM MR Aty 1o hnd e
infitinsbiaite 1106s BENRERSor thdebesk REIIRSQN Vi@afe chdRbaiNfdr rekliving a

WD 2004/ 022983 PCT/ US2003/ 028514 through the second )
filtetod predust | A naigrofghricatedieap hp inglysing p svpessiidlediging afilération

' M . h

S AR L BORID ghVE oo BTGRP . T

ishibstesice at bevfltarad ioneeyed thioegls theStuidflewaiath bl into the filtration
jcrofluidic chip. 5 may be forned of glass, plastic,

Sharplags 186 aafiP%Sf?S herughi themembemg 16Phdhe smpmbspcel 10 separates the

Isthely b LI ot RSy

tréreainiag naflédutesdpasses theoughitle membiahe alonglike fluiddtftoat path 181 into

ubsyst I icrofluidic chj ornred of plastic, .
HriShithend of i Biestiften Sk R B SppsiS Prodssing
eulsiibatege. 10 According to an alternate enbodi nent,
shown in Figures 9a and 9b, the mcrofiltration
subsystem nay conprise a two-port direct filter 180
conpri,Si.ng: ] I Is Ui 0
ot 120t o FEERIRR hRgiREish G 1l 10 fl 108 the
microfiltration system may comprise a three port direct filter 190. The three port direct

filter 190 includes two inlet flow channels 191, 192 for inputting two samples to a
filtration chamber 195 and a single outlet channel 193 for conveying a filtered product
from the filter 190. The three-port direct filter includes a microfabricated cap 15
defining the filtration chamber and a membrane 110 separating the filtration chamber
from the outlet channel 193. In operation, two samples may be provided through the
inlet channels 191, 192. The samples mix together in the filtration chamber 195 and the

sample mixture is filtered through the membrane, which separates the components of the

-11-
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181 conprises a fluid flow path 181 forned in a
m crofl uidic substrate, which is divided into two

weemiiozn9s3 181a, 181b. The second section 181b Pef/Uszwe3/628514

recess 182 and the 15 nenbrane 110 is adhered over the

r e [ :
R e RS T ron gl (SR el s homyeyed
rtouglsthe@tldiedhanhel gonfufthet pratessing, arlabysisecoliestian ttached

to substrate above the nmenbrane to connect the flow

path 181. The substance to be filtered is conveyed

t hr oug@het Relldldl iitke drt OPmBAbRANd Bdsel BbSarhitéhsivilllrb@ghBB that the
chanber 186 and passes through the nenbrane 110.” The
rfegioarrystenndeseribaddicss canthe used touibarlemens amychip sgpetatigns of all

I I I the filtered.. uct. copmpri.si.ng.
R e T A T
deadsfrdrh endléauled drlsanlipattitlcs Font rge pdrti€les 6€EBised #8maRls or
out of the mcrofiltration systemfor further

K yepagations kpewa g those geilleddpithart.et c. 25 According to

yet anot her enbodi nent, shown in Figures 1 Ca and 1Qb,

the mcrofiltration systemnay conprise a three port

di r ectAccbtdirg tol:@dthef hmbodiment gfah¢ imvienat, thd ¢dppimg m@idle 15 may
i.ncludes two inlet flow channels 191, 192 far

i0f aﬁ?(f OB RR LA BLTOMRSRCUCr YA IREq HRICTREIEG SYHER.- Ayexample
f §h BBLRoAk Ak vaRRRBRIpoARShbREd $0 8 ¥aMiRgsttuchirbtrgr ed

product fromthe filter 190. The three-port direct
fitpleentapion inje suierofiishiosyaion assowling the faghingesd the yyention is

t Lltration gchanber ,an nenbr.ane 0 aratin

ot el ) &7 8RS8 R PReT R Red e A ST RERR%ES cap 15
ldefigipg bAtnteior dhambsAIPI, @sndidtatke] T PY sélediviehr Bld@hing 16w through
inlet channels 191, 192. The sanples m x together in

{oRE of bath oh thefonumumisaion s inide shestraisnsl 2 aptuatqragsembly 160 for

hianhd gl 59, TGR0RT, WNER-BER NGRS She e
e o ey i s
drat QHET syitpble pansder diy e%%f?ﬁﬁé}er%mamy@ag be uggd, asiqdarg

hzoclbitfic akiublogd i n the art of menbrane based
Separations wll recognize that the 51 filtration

system descri bed here can be used to inplenment on-chip

separatiaops,of all. types faqr ihch ranes €

Found 1% RRF ARG s AP Bee myiis) 0GP el ded an g subSiate 1

Recatifatfthe Membracd) wden aeflétsal bloBly drieCoraforkoPMd hdfunication ports
articles or viruses fromcells or other separations

QAo and 111 Hisdcasrammaastio stopme madule 110 thse briesraigs £ alve for
%E‘lg&Pféfy @Hpﬁﬂg R thfgugfl lﬂ-?e JIY SR thl Hﬁcr‘c‘sﬂﬂﬂliglﬁow path. As
nodul e "15 may

described above, the electromagnetic capping module may be placed on the substrate

using automated “pick and place” equipment or through any suitable means known in

the art.

One skilled in the art will recognize that the capping module is not limited to the
illustrative embodiment and that other elements may be implemented to add other

microfluidic functions, in addition to or in place of,, filtration and flow control. .

212 -
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20

be used to incorporate an el ectromagnetic valve into a
mcrofluidic system An exanple of an el ectronmagnetic

waQ 20080229831 ponent housed in a cappi ng struct ur ePdDDS2003/028514
inplenentation in a mcrofluidic systemaccording to
the teaGhionafiGod BchiMEAL bi2Ber: SvcROY Raahidzbail Pootbines the
As shovvn e e ormgnet nodul e O conprises a
poder diad s]cﬁpel of C(ﬁnvregtletml nmtrkramrtedimaldg@'mﬂlﬁmp smallwolymerdynamic

flow sanitol SRS ELER R BA S iProT bt ota e Ayl The
&Hﬁ Qentfy Sp%‘@lhé{s écﬁpeﬂjfé&ﬁve fefiheef blﬂ‘}gsdlﬁﬁldﬁwﬁﬁéiﬂﬁembrane with

ccor | ng to the i1llustratrve enbodi nent,
aanicrafluidic natswekbl Iheannmﬁlwmnasye@m ispgrplamad i alewn@ww to add to
164. skilled in.the art w e
niciot ot fobe i adin st REHPE e mdfiahdftsen
ih B phibFHeReiE Bhipi i 28RS [olvtabaed thtddksof tidmicrofluidic system itself
el ectronmagneti c capping nodul e 110 nmaybe stacked on
the substrate 11 such that the nmenbrane, when
defl ect ed, bl cks on :
por &5 g MRE SR GocBRuplofn @ prost AR o oRfbrcg gne o
i@ off MESaboRt Wgs@Ibes compaiens, flone dbimse@inddihationl Vylth other
bl ocki ng fl ow t hrough the channel 3 into the
MPOBENtsi di c f 1 ow path. As described above, the
el ectromagnetic capping nndule may be placed on the
substrate using automated "pick and place" equipnent
or t Hr}m;gbsean inventiideldsdeeredassriberbnetativa to amdlugirativezgbodiment.

01e ski || in the, art .w recogni ze that_ the .c
St Hagety o pemedsim e SR eDRE o PRt wiliSu SRRRNS from
tﬁE‘ gccﬁag%tf 1 ﬁ%ntﬁineﬂ?ﬂn&nﬁai/thbﬁall fﬁa{t@ﬂ ®ntaeekdia tlﬁiﬂ)_ove
mcrofluidic functions, in addition to or in
ciﬂsa'qﬂlomfor shown imthieucemphnyingrewings bp interppetegrss illustrative and not
20g 2983 PCT/ US2003/ 028514 The mcrofiltration
e present invention advant ageously

conblnes the power and scope of conventional nenbrane
technology with the small volunme dynamc flow cgﬂ]trol

i nherk s alsmtoheunsiertead hatdhy folloyving ¢lagms are to cover all generic and
1.G5Qf { | of the

oGS Sy By Beh ERion Rl RSB, O o B

Wnivéion vehioh,cisaf hattetiof langtagey kight be saiddo &l thenchetiveen.

systemis sinple and i nexpensive to add to a

m crofluidic system as the increnental cost of

assenbling the mcrofiltration system in a

mcrofluidic chipis relatively | ow above the cost of

the microfluidic systemitself A mcrofluidic system

according to the present invention may conprise one or
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10 nore of the above-described conponents, alone or in
conbi nation with other conponents. The present

WO pope02298h has been described relative to an PCT/US2003/028514

illustrative enbodiment. Since certain changes nmay be
Qigﬁ@ﬁén t he above constructions w thout departing from
scope of the invention, it is intended that all

1at t af me@efi@dnRagsten, tdigpridioge description or shown in

t he acconpanying draw ngs be interpreted as

i || ustfirstumigeochaaneh S rmeq i 3 SEhsHRIS ng sense. It is al so

to be r t 3 ' et ARl ace of the
cover T Coy it B Gl e R GpElRhARPCR: &0
shiyvert b described herein, and all statenments of the

scope of the jnvention which,. as a matter.of. . g
| angegepingpileaving amicsofutic et fut negfgfning pniggy fuidic
040 ﬁ&‘gl:}l tﬁgwgéﬁlﬁg &oaptelsd\bd/Btadkeddn the substrate and
mcroflurdic syste conprising: a first mcrochannel
plagedratcdmmanisatist with the micfdchennet gminireriecs thomigefyidic function
,cogﬁl{i n% ftlh .first mcrochannel to a surface of the 5
infgplg pugratiuigitSYS/ npi ng nodul e having a microfl ui dic
el ement for performng a mcrofluidic function,

2o BSUREI AR A PROEORBAAECAE o R PR Bort”

c! é'c@iﬁg aRB&IndtRickdthiee ftficBoe tefsubitdite functi on
Into the mcrofluidic system 10 2. The system of

claim1l1, further conprising a second conmunication

ort £l 6 G0 B $4RRAG Heapsinamnsiuld Bcadesy daatbenfor
3’It[')he sﬂ%gs?’?tgte. 32.1 The system of claim?2, wherein the

coaplngie fostuhierdchaingtitoshe seseadiierorbamel 5 coupl i ng t he
first mcrochannel to the second m crochannel. 4. The
system of claim1, wherein the mcrofluidic elenent

& onpriteeysemeidiaiank whegsin Teanioyefiuidicslenaqni pemnptises a membrane.
wherein the mcrofluidic el enent conprises a valve for

20 regulating fluid flow through the m crochannel. 6.

sThe sPist gtenf ofdlainm , Whendie thei micriduidicelamdnt cefhprises a valve for

el enment _conpri ses ressur.e
regulating ﬂuidnf?ow throu, tge microchannel.

6. The system of claim 1, wherein the microfluidic element comprises a pressure

sensor.

7. The system of claim 1, wherein the microfluidic element comprises a

microfluidic pump.

8. The system of claim 2, wherein the capping module further includes a membrane
for selectively blocking said communication port, and an actuator assembly for
controlling a position of the membrane.

9. A capping module for a microfluidic system, comprising:
a substrate; and
a microfluidic element disposed on the substrate for performing a microfluidic

function, wherein the capping module is adapted to be stacked on a microfluidic system
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sensor. 25 7. The systemof claim1l, wherein the

mcrofluidic elenent conprises a mcrofluidic punp.
wW@200Fhz298y st em of claim 2, wherein the cappi ngp@DUs1083/028514

further includes a nenbrane for selectively bl ocking

i CcOoFr i i . . . l: v 4 .

R e e g e i S

@appumigatioadwitle tHeanicacharmebfd intrdducesyis tiorpflddivdnngiongnto the

a,supstrate; and a mcrofluidic elenment disposed on

g lYAISSYSER for performing a mcrofluidic 35

function, wherein the capping nodule is adapted to be

stacked on a mcrofluidic system -14 WO 2004/ 022983

RCT/ UB206hpi36ddule bfnlaing9 urther contpaising a dhempredformed in the

therein so that the mcrofluidic el ement is di.sposed
PSSP Eds diet i iftsd fh BpGLsRaREReatsR i By rochannct
Whé e Ch ih% hdidglefiy &ted1ieardni thé MidrBAuidie Sirhd, Ui di c
system 10. The capping nodule of claim9, further
conprising a chanber fornmed in the substrate, wherein

e chanmber is.placed .in.flujd. i ' 110t

or obRanrm SlaRr g R st iGN 4P Rotblibs e Hiembrane.
the mcrofluidic system 11. The systemof claim?9,
wherein the mcrofluidic elenent conprises a menbrane
1) 12Therpystey of dayb?, veespimtoe W@ﬁ@ﬁ% qlpReT CUPBTIPsiadiatve-
el enent conprises a valve. 13. The system of claim?9,
wherein the mcrofluidic el enent conprises a pressure
£32Nns0The dysteid of dhien $yeharemadhe miapfividic eldneendicomptises a pressure
mcrofluidic elenent conprises a mcrofluidic punp.
YBSOIA i crof l ui di ¢ system conprising: 20 a
m crochannel fornmed in a substrate; a conmunication

port connecting the mcrochannel to a surface of the
t4ibst The systemypficlaim 9, wherein the microfluidic element comprises a

microfluidic pump.

15. A microfluidic system, comprising:

a microchannel formed in a substrate;

a communication port connecting the microchannel to a surface of the substrate;
and

a capping module having a recess and a membrane covering the recess to form a
chamber, wherein the cap is adapted to be assembled on the substrate such that the

membrane covers the communication port.

16. A method of fabricating a microfluidic system, comprising the steps of
etching a half-channel in a first substrate,
bonding a second substrate to enclose the half-channel, forming a microchannel
fabricating communication ports in one of said first and second substrate to
connect the microchannel to an exterior surface said one of said first and second

substrate; and
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a cappi ng nodul e having a recess and a nenbrane

covering the recess to forma chanber, wherein the
we ap4iox9stiapt ed to be assenbl ed on the substr aP@r/Es20h3/028514

that the 25 nenbrane covers the conmuni cation port.

[

corpr SR § HaPingahbGR el MGERNUS Mrfer AT HRTE said first and
s‘ebdiﬁds@bﬂi)aé.r at e, bondl ng a second substrate to encl ose
the hal f-channel, formng a m crochannel 30
fabricating communi cation ports in one of said first
#nd ﬁ%&ﬂo@%‘%ﬁ&hﬁg%%w&i@@ﬂ@@t cbfirifin " ochannel to
an exterior surface Said one of 'said first and second
subst psmtzxehnmshbstizﬁe mlﬁ@@mlammceptoﬁmusmm @RB6or more

OPBHUAE R 1618 BT HF & Groe GRS LRSS tho substate;
k@ A nethod of fabricating a flui d| C Ci rCU|t

conprising 5 providing a substrate having

mi cr osthekimes cappingedernéns heving amaicrilnidie ehmeét on the substrate to
co ni cation glortsrtconnectl ng the m crochannel to an
EYERPP P RUR B ™t he substrate; and stacking a

cappi ng el ement having a microfluidic elenent on the
substrate to.  _cover the comunication port. 10 18. A
W-cr oAlrmcmfhn@ystSéqm C@@Wﬁ‘ﬁ}n@r ng: a substrate having a

pl ural b0k hgtllﬁg?% Q{I‘t‘él aﬁ' i SR ehrleREbAh G mUYRET %}h@rem each
each “mcrochann I nc €s one or nore comuni cation
pivrdchafingl indndes ohé ogmbleeconmomioativarpuets forcoansatingdbe of

t he substrate and .15 Iurallty of mcrofluidic
‘@Eﬁ%‘?hﬁ‘ﬂn papwdace 531:11? % @sociated therewith a

m cr of glﬁk&ﬂt o?fn?df@ﬂﬁtdfc%p}ﬁﬁé L dM d3%eaRh Khih hisdtbidied therewith a
functi one or nore of sard mcrofluidic cappin

mitofleidict dempit foraerirming athisrefliidic rfamosion,orfe| ayingore 09 said

t ..
FTPR e upane bl SRRt B Biesh Pl ' i R Ricason
With Ont BEnmBYSsRAR méochannels to incorporate the associated m1croﬂuidic

function into the system.

19.  In a microfluidic system, a microfabricated filtration system, comprising:

a membrane for separating a substance into a first and second component;

a first flow path for transmitting a substance;

a first reservoir disposed above the membrane and in communication with the
first flow path for receiving the substance;

a second reservoir disposed below the membrane for receiving the first
component of the substance;

an second flow path for receiving the second component of the substance; and

a first flow source in communication with the first fluid path for inducing a flow

in the substance.

20.  In amicrofluidic system, a microfabricated filtration system, comprising:
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19. In a mcrofluidic system a mcrofabricated

filtration system conprising: a nenbrane for
w@eEanzmsing a substance into a first and seconPiCT/US2003/028514

conponent; a first flow path for transmtting a

subst angBstrage;f i rst reservoir di sposed above the

menbrane and in communication with the 25 first flow

pat h fadirstrigevepath ﬁlgthe%b%ttﬁﬁ%ffﬁﬁ@meyalmbﬁfdm@es ervoir

d I
Conmo S Y b8 R A ESSH PE BBl fffconveines
fﬂkemd\uon@ohmosemdst@monent of the substance; and

30 a first flow source in comunication with the first
f1 ui d 2gs¢ass fosmed Hytheisuptete inemmuyni¢atien stithstha second flow path;

07 oSt St e yBEOLARI kA ot
PEINeIE20034RABHE goscd abaesthe adcess ta dbfiniesi fifttatyclpaiber; n

the substrate fo conve g a supstance; cond flow
pat h &R dispesed agoysibe ‘?”gttra‘?q téNdJ 4 ﬁr?t@}taﬁeégé‘inb?rhg

aﬁl @nﬁpﬂéﬁﬂﬁhﬂﬁ%@rec&bir@%ﬁ‘éoﬁwe betfihed Wﬁ% GfYhE substance.
a recess forned in"the substrate 1n co I cation

mnth the second flow path; a nmenbrane for separating

t he substance into the filtered conponent and a

retai ned conponent di sposed above the recess to define

a filtrate chanber; a cap di sposed above the nenbrane

to define a retentate chanber; a third flow path for

recei ving and conveying the retained conponent of the

substance. -17
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