Mul til ayer Hydrodynam c Sheath Flow Structure Rel ated
Applications The present invention clains priority to
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filed October 30, 2003, the contents of which are
expressly incorporated by reference. Field of the

I nvent i on The Mukdaysr Hyfdrodynamic e&f‘égl({"bsgué:%rteem
and method for producing a sheath flowin a flow
channel . More particularly, the present invention

r Rehtted Applicatignst em and net hod for producing a sheath

flowin,a mcrachannel _i.n a.m.cro C. de
Backor QURBNSPIORE R SHTS ATSHSHPR b1 Gaviciongl KBpication Seria
DNM&H b8/516 )08, PiEd ORMYRAB0,200w thé‘ CMEﬁB onﬁldhaa)fs Expibssly

uid, or a particle, is surrounded by another |ayer
oﬁndomﬂr@tetbbymfﬁwnchan one side. The process of
confining a particle streamin a fluid is referred to
as a 'sheath flow configuration. For exanple, in
sheal bf thomvedtiomeat h fluid may envel op and pinch a
sanple TTurd containing a nunber of particles. The
fl ow oflhe lpéesgwelavemhfonuwlate@ tme aystinh gngmettiog| fesproducing a sheath flow
s n [
SR EPAT g Sidhe PRcHf ) e RSP ARyt el £ ana
f Imstigbd oh prdde.smgfal shenth Meatin af Ihﬂmchhﬂm il #mAcrbAtidiedevice.
state within an orifice or channel so that the
particles are lined and accurately pass through the
O LkSoudd FRAM RN enkidn® Single file row Sheath flow

S‘US%@LTH_HHHY“HDD#TC tions where it is preferable to

pr ot eciShpthlﬂow isa partidulatitgi® diflarinaaflew infwisdteatetiayer of fluid, or a
fluid or examppl.e in Ilca svvherelnlt
n@elélg%ﬂarkuﬁﬁ?%@&mw 4YEF %éh?l Omaere & %ﬂoqneéi&p% process of
PREAMGHE 2 PR GreddhiSh e Huid i LRCH 1O T2 eéh%atﬁ %VP tBef %urghon. For

systens for analyzing a sanple, particles to be sor
0 Iexanlalleymeheah dlows aahdza]h ﬂuxdphasedlmbpaandqmm]nraemqﬂe fluid containing
osition jn ra urrent. whi.ch is .
P SitRtetP I phic o of Heebeith Slide it pigjrlosepspended
f k@f\elhsnéy%fﬂ&no%a%ﬁsst itd tHeRMidP APdnhdt@ o RRAkdI& i $hdbdnfer of the
respect to sensors or other conmponents and prevent

pahqalﬂ@: floid. iThetrpmlttngsheathiflow Bowsvin @hmlsarﬁﬁw withtheah dyfice or

§?}W§F tExatf ﬁlhﬁ Igg%llggfr e f%ﬁfaglld @fg%%gt%},ygﬁa%s? ough tﬂe onhce or channel

in a single file row.

Sheath flow is used in many applications where it is preferable to protect
particles or fluids by a layer of sheath fluid, for example in applications wherein it is
necessary to protect particles from air. For example, particle sorting systems, flow
cytometers and other systems for analyzing a sample, particles to be sorted or analyzed
are usually supplied to a measurement position in a central fluid current, which is

surrounded by a particle free liquid sheath.

Sheath flow is useful because it can position particles with respect to sensors or
other components and prevent particles in the center fluid, which is surrounded by the

sheath fluid, from touching the sides of the flow channel and thereby prevents clogging
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- 1 -of the channel. Sheath flow allows for faster
flow vel ocities and hi gher throughput of sanple
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shredding cells in the center fluid because the sheath

it g Bieh e Mo e F BEeS AR Yoo ap U fhgpughpt of

h §a[ﬁg%19 %ﬁa@erﬁt@a@ﬁéﬁ ﬁo%e‘ld&’c'y @%1@@%&\1’[&5@6@&%\6@1& in the center

Ively conplex designS and are relatively
dﬂﬁi‘d hwausettlms shenthi foad erot@unikacollofromisbedrriorsns atdhe Walls of the flow
esen]t i nvention provides a mcrofabricated sheath
RAROEk r uct ure for produci ng a sheath flow for a
partlcle sorting systemor other mcrofluidic system

The sheath flow structure may conprise a two-| ayer
const r Gonventiohalaleyiten thahhavsdwen employed tcz)nnplpmpm@ath glow have

h fl |d|ntoapr| I annel and
Ar QB oot ageiinR e Re T SRR B o MR
structure. A sanple is introduced to the sheath fluid
in the primary sheath fl ow channel via the sanple
|Wﬁﬂ@é@£t herein. The primary sheath flow
channe . t]
oot (EPsstl eRiBh ot AR H bR MR PR fo
ppiodating &l's;haett]ﬁ ﬂbinfdr e panield sotthigsys@nped otherymicorflisdiogystem. The

re ign_for accelerating.sheath fluid.in.the init
i

of e&ﬂs%?fﬁ FEUCHESTABY CUBPREC 8@ l¥rToRBstRIgHpR dnglyfiag a SHggth inlet for
S ﬁmdﬁmﬁ? anRA&n Bﬁmﬁhﬁﬁégﬁﬁﬁw AR R &?&HH&I%HH% shf¥Ble inlet for
accel erating region, the particles are

c arifadneidg asamhlke te lileastincirei 4. safﬁlpha 1|s nmtrmiuyed odbs slregth fluid in the

< BB il e R D ikt b PSR apy The primary

S Ql‘?e%ﬁhﬂ&@ Ghathelf) Wg%h{n%ﬁfzﬁ flochiigh %sh%ﬁh)bf@%ﬁﬁ RS iflet fifcreate a flow
regi on connects the upper sheath channel to the

pi ataugpes plecatthclfapoel. dihgmniglary shepthy fiowe chirmeliormpe prlmary focusing

e.in the sheat d...The.r. ea
¢ B T Preluiric e B AR SOIIERRRRS ppfebicd o the
sbaaple ihlbOWIBS s446316 CRariieYprdeidedthalihjetted esmple t§ mvacdae@tmg
plurality of sheath flow structures operat.

n
paeEaen, sich thatthe pagictes syaseaafined Hethp sheath Buidy élglew@taémfo cusing

[ I t
TGy R P08 8 AT P bl PRI TRES L B tn v
eagbcopdhryashyath headhdbwaucamasinid privhatylie caystiegregldreconnects the
sanpl e inl et be provi ded upstream of the sheath

i Hper shegt élaaalaﬁhytoéh@pnw S&aafﬁm%f ¢hagneldg Surghar fegps tigsmple in

the sheath fluid. The resulting sheath flow forms a focused core of sample within a

channel.

The sheath flow structure may be parallelized to providé a plurality of sheath
flow structures operating in parallel in a single system. The parallelized system may
have a single sample inlet that branches into a plurality of sample channels to inject
sample into each primary sheath flow channel of the system. The sample inlet may be
provided upstream of the sheath inlet. Alternatively, the parallelized system may have
multiple sample inlets. The parallelized sheath flow structure may have a single sheath

fluid inlet for providing sheath fluid to all of the primary sheath flow channels and/or
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multiple sanple inlets. The parallelized sheath flow
structure may have a single sheath fluid inlet for
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fl ow channel s and/or - 2 -secondary sheath channel s,

gge&gﬁtﬂtg R R éa?sr&lﬁhét%@ifs%#rwprowding sheath
Chem ﬁma:g ShEf 9 %mnﬁétestchoxcéee&rtﬁt}sshe&&%aﬁrétg

to a ect o the invention, a sheath f
structure for suspending a partlcle in a sheath flurd

i The sheath f
o1 1 s OO Pk PRI BY PGSR Do RERE Ao for

f Etiébgndﬁ’% 8 ﬁﬂﬁlcfé ihlsRtath ﬂ'ind 1@Jp§’&ﬁ1&é'd9 PhelRbith Elo® étﬂfcﬁlre comprises
the sheath fluid conveyed throug i mary sheath

f b prinehasheeth, flaw phdomel fpr t@xwymggl shegthéﬁud, @rsamtqmlqﬁ gor injecting a

?B&Eﬁﬂdﬁf’gﬁ it ie 2OTeh P Bt Bubfig acgfRn Brannel, o

PHaM &?I&%‘r ﬁi‘cu&lhg ii slh@Eth)ﬂtﬁ@ GiéGhd ﬂlefp%&lldw in at least a first
The secondary ocusi ng regi on focuses the sheath fluid

afliseatigntang paraqolndttref fpeusing tegisprevidekdnymnsiers of thaprimary

a]r;oc%lse]ﬁelg ?%%grréoﬁj o%e%?%dar)? %o\;:gn g(t“%glgrpfocﬁc ?%éjél{%gtht fthid around the

S particleUn @t fe@s"t aSesqRINdteddorR difiEdnt Gloén the faststeatidn.f | ui d
conprises a first substrate layer including a prinary
sheath fl ow channel for conveying a sheath fluid and a

second A?E&elﬁfsdgg% Euaé)t‘gréxsa{spéét F lfl‘FEqHQéhtfoﬁ,e gﬂda"ggﬂ %&\J{J Qﬁﬁétﬁ’tteqbr

| ayer. strate layer .inclu I'rst
S bmb:hﬂihgr h phrtrﬁ:term iarsheashl dimi depraprides athilast fshibstehtet layd:rhecludmg a
pri,mar h fl ow channel tre

oPriEH Pk T GoiebnE g DTRA T B PR Sitaaete layer

t Qalii d?trthgﬁfs)f s%&ﬁ%teha{/éro‘"l’hﬁ RaRG lsubdirafe BYArTREMdes a first sheath
focusing region to forma sheath flow including the

panrléti fot mtroducing a desittofluidie tehmwandryfshedth flow czlutanm@,a&samPle inlet

TR e T
C @lﬂfh‘l@l B3t prEfarifb dhsilpGefioh Wt @RAR Hdw i’iﬂcﬁfﬂ%{g’lﬁlﬁ: particle

e first 'secondary sheath channel diverts a portion )
osulsermde@ he hersheathiftid ow Al least ope bider P fellesecondarysheath channel is

ann ording to still.another aspect of.
ORRE i T et oPi s ROPCh Plufgion St 88 prgary sheath
s fisPedhdaskli Tha fisdd e@dondirysheath ehaameh@naei a péman o ead bheath fluid
fl ow device is provided. The focusing region conprises

a fijgr tamyiniaroshestaliere changel. conveying a particle

suspended in a sheath fluid and a first secondary fl ow

channel intersecting the primary flow path for

i nj ect iAvgogigatbtifl lanbiliet aspecttofichenini ermiop, 4 Fausiapasyied for focusing

from above the particle
a particle suspended in a sheath fluid in a channel of a sheath flow device is provided.
The focusing region comprises a primary flow channel for conveying a particle
suspended in a sheath fluid and a first secondary flow channel intersecting the primary
flow path for injecting sheath fluid into the primary flow channel from above the particle

to focus the particle away from a top wall of the primary flow channel.

According to another aspect of the invention, a method of surrounding a particle

on at least two sides by a sheath fluid, comprises the steps of injecting a sheath fluid into
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to focus the particle away froma top wall of the
primary flow channel. According to another aspect of
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at least two sides by a sheath fluid, conprises the

steps of injecting a sheath fluid in -, 3.-a.pri mar .
N PsCHa yg] Jigeing g Parigt i B shsily ﬁl&aéﬂﬁa ffanching

T Ebath ?Héhﬂelain?écﬁﬂg 'g{ef}%réé]@ g)#;‘ t}féh;ﬁ‘ﬁ?z?rkl shédth ﬁ@fv' C{Bgnﬂell‘?o suspend the

particle into the“primary sheath flow channel t )
s pahieledn tieeshpathtfivdd & formtarsheath dwharfd injedtingtheaiivartgd portion of the

SRS T Rt BT et
par ti clagcyfdidy 0 ah@ﬁeﬁib%@ét%fﬁﬂé&%ﬁ’mtféﬁ?@ﬁf&m JfQuAB@HdIEY a particle

aspect of the invention, a method of surrounding a _
pan @i lehs ton siles bpasheatinfuil, derapises shesttenstdf conyayeng a sheath fluid

c ri.ses.the ste of .conveying .a _sheath,.fluid .

¢ HPBh BB gD IoRae R o, c PURGBIE X heifie H0R ghosheath fluid
PasiveGb@ttrigh thb BriflpdHRathl Abvelcle@nvie Yeehsidy tbe gheat®uid around the
primary sheath flow channel, focusing the sheath fluid

apatinly inlablepsira first dirdciomend tgysing the sheath dluidamopphthgmgrticle in at
focusi . sheat [ Ui he..particle in at
| S Rl e e R RIS ARBBET L1
direction. According to still another aspect, a sheath
flow systemis pr.ovided which conprjises a pluralj té %f
which

a shea?¥cp1dsg terstill apolhesasppdr atheath flow syt ispropile

S . . : f [

o bl S Pl ARt o L O o TR ph S 0 substrate

f Batldsheathsfowp seudh@coaiprifesa pripaytshaaph dlopacitanndldot crnyeying a

the sheath fluid conveyed .t hrough the.pri.na ath

¢ PBRATL e PARle SRATRET P (e AP R B0 57 b Dihgpnveyed
BGoSHEAE Briblat ShAlPHGW chiificRar tal grlrfark Fo @ksing§88ibn For focusing the

t
first"direction and a secondary focusing regdion .
p skoasittd Bdiddoewnsit the partioke in helepstiarfarstydifest o iumdya sesgidary fegusing

| Gt e RVt P o PREY Bt B e o ipE e sheath uid

diaf RGH kR park¥le & atD85e b s&oh@Qireétidnh B fiElcatifr8 thé Gkt Girdction.
illustrates a sheath flow structure according to an

illustrative enbodi nent of the invention. Figures

2A-2B il lustrate a nultilayer sheath flow structure
according to an illustrative enbodi ment of the
invention. Figure 2Cillustrates is a cross sectional

v iBrief Dusctiption bEthediiperdsi ne of the sheath flow
structure of fi %gre 2A, showi ng the pat
Igg

i nj ect &gtggllti tes ﬁrsggaéhl Festructure a cor(ﬂng ’Io a%nlllustrative

embodiment of the invention.

Figures 2A-2B illustrate a multilayer sheath flow structure according to an
illustrative embodiment of the invention.

Figure 2C illustrates is a cross sectional view through the centerline of the sheath
flow structure of Figure 2A, showing the path of an injected particle through the
structure.

Figure 3 illustrates the path of a particle through the multilayer sheath flow
structure of Figures 2A-2C.



structure. Figure 3 illustrates the path of a particle
through the nultilayer sheath flow structure of
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profile within the primary focusing region and the

secondary focusing re io duri.ng o tiaon of

eheat hE 180 4 flnstaies Mo ot vl ?:P“ﬁa@{;fo&“ﬂ%m&?n and the

a ! h htdﬂ@f"i'ﬁ SHealthBoW ls@¥bture of Figures 2A-
P D b O e B ey of igures

dQCferent stages during operation of the sheath flow

struct re of 2A-2C. Figures S5A-5C.J | JLustrates ...

2 it ety B drdd Cornel BT B b A0 PGS within the
ghﬁ‘{ ARPSHRaBRAA ERERLT Afdiffdient sPsed Bl op¥&ich ﬁtﬁ@éﬁéh@l flow

Injected directly into a focusing region. Figure 6

|Qnampem§§GBEﬁVQ%QKEM/of a sheath flow structure

e o 0P S e kB Beroin oo

| ARt REIDDdFAR bE tHeNh@dntibh OVialed satnplerlgeﬁﬁwéd cﬁréi:h? aitb a
flowinlet according to anot her enbodi nent of the

i HYCERINE BPEIO gures 8A-8B il lustrate a parallelized

sheath F egu?%? zf%/ % é?rgy}:%ﬂfe eg,déf%' JAda ﬁ*}ﬁ‘)@J anclnﬂ?’ﬁk&rdmg to another

mul tip anne S accor to ano
eeﬁ@dﬂlmt obthetifventionent i on. Fi gures 9A is a
fluorescent m croscope i mage primry sheath f

channe F1E6Hn& T/ B stFda? Flllféﬂéfi%% ﬁ%?tyrerlaelaéinﬁ@ %@1 jlet

[

B AR AR oL et iR Pl RO BT LS ERAb he
t akentiaf. a sanple in the prl mary sheath fl ow channel

g}t SF Iog ot af%g:ﬁig.ﬂglpﬁga{tg Bar; ﬁﬁg&?ﬁaﬁ&gﬁgﬂm ur ¥ tlor producing sheath

f ldQriBseanse Ra&lkb&&ﬂ@l@ H@donﬁﬁ% & Nrﬁﬁhér%n‘f_ﬂogﬁﬁﬁlt 9Bthe invention.
across axil s Fi gure 1s a ni st ogram Superl ITDOSI ng

the fl lieguesch cseé frearssacetmivrescopomagie|of @upgmarp shaatir flow channel

S 8\%}18 efalmo%?’omqgg Qéaclo%darg]f fct)cl?lg"m% élgrrlr}n tfhe hefiZed sﬁee§E flow system
of Figures 8A and 8B.

Figure 9B is fluorescent microscope image taken of a sample in the primary
sheath flow channel of Figure 9A after focusing of the sample.

Figure 10 is a histogram diagramming the measured amount of fluorescence in
the channel observed in Figure 9B across axis —A-A-.

Figure 11 is a histogram superimposing the fluorescence measurements from all
eight primary sheath flow channels in the system of Figures 8A-8B.

Figure 12 illustrates the distribution of core sizes for the sheath flows produced
in the primary sheath flow channels in the system of Figures 8 A-8B.

Detailed Description of the Invention

The present invention provides a system and method for producing a sheath flow
in a flow channel, such as a microchannel. The present invention will be described
below relative to illustrative embodiments. Those skilled in the art will appreciate that

the present invention may be implemented in a number of different applications and
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Figure 12 illustrates the distribution of core sizes
for the sheath flows produced in the primary sheath

wobhas/ahiannel s in the system of Fi gures 8A- 8B. POetUARI0@/M36548
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Description of the Invention The present invention
pro | £s a system and hod.for prodyci ng a sheath

F ISRRorfineats islis aRbFTEIce 0y ivited i el e Depgular
pre%%mmérﬁy&rﬂlét%gweﬂ be described below relative to

| lustrative enbodi nents. Those skilled in the art
wi Il appreciate that the present invention may be

|nplenented i.n er of. di r.en lic t|on and

orb arstr Sl it et PRt P pifics Bf0erite tor
i qﬁnm fo@tegs@gg ERcliiEaRP dnG by Ry aeﬂmg@mﬁﬁﬁtlﬁcﬁ@iag Gt Rést one
her ei n. used herein, the térm"mcrofluidic" refers
t@hang&b@@ngnnmusvmt@nﬁnmomandl|ng, processi ng,
ej ecting and/or analyzing a fluid sanple including at
| east one channel having m croscal e di nensions. The

terns "Rasnel “chail” iddoWosheHangtl” adtsadIRekiR esfBiso a Ig)athway
refers to a pathway fornmed in or through a nediumt

alfPianes iner thrayahemedam thatalipys fonaevement qf dlugds, siredr as liquids and
g h e

o8 SRR P Lol 8 SSRGSty bave
dichaestaivhal dinfdhsiohadte BRlowbelleah abdut 1. Opm AddbaRBe0 pm,

500 m, preferably between about 25 mm and about 250
mprefereblidetwenmethonuBd ymvadwedent 280qun 260 most m&r@lﬁm between about

1%%&@ et 450 fbr and o Settimprt Tl g ertatlitis e PRlstermine an
f 1. 9¥topRARABIume. Qﬁi TeARHST 1Y Govl BAEREE drﬁeqah ﬁnhén!&gd to include

above-recited val ues as upper or |ower ngg
f Iteseboivenedted valneh as appen pr ke\ree tinet. éﬂha;ﬁbmhannel can have any

GHET R Sofbeion A RO a oSl 4 RO 0 g br Sop-lacar

Ficghfi Qurdtidd AﬂdSéU%ﬁﬁec?cdﬁ'ﬁ%ﬁﬁE@Q“ cated sheath flow
structure according to an’illustrative enbodi ment of

the invention. The sheat h fl ow structure may be used

to sus a ' thfI flowst

use i R gs P S b SR srt s Rt 7 Affor e to an

S \iBtstiativd ebedig@hhof the Wvehti st t THeSshb At flURkeSnR 1R il 0BaY be used to

sheath flow channel 12 for conveying sheath fluid

t ISHENFHH Parisles e a sheath Buidftow)stragrelor ose ia 4 pasticlasgrting system or

[ ath

i %?11553 ?\ﬂcfaoﬁ;[}f&fn(g %}r é?lg ng% gﬁl%@ﬁt fﬁ(ﬂ’? 'UElJe S\i) ﬁélﬁ‘&‘él% prilngary sheath flow
channel 12 for conveying sheath fluid through the sheath flow structure 10. A flow may

be induced through the primary sheath flow channel 12 through any means known in the
art, including one or more pumps. The sheath flow structure 10 further includes a
sample inlet 15 for introducing a sample, such as one or more particles, to the sheath
fluid flowing through the primary sheath flow channel 12, so that the sample is
surrounded by the flowing sheath fluid. The sample inlet 15 may comprise a channel,
reservoir or other suitable component in communication with the primary sheath flow
channel 12.

According to one embodiment, the microfabricated sheath flow structure is

formed on a microfluidic chip and the primary sheath flow channel and other flow
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art, including one or nore punps. The sheath flow
structure further includes a sanple inlet for
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to the sheath quid fl ow ng through the primary sheath
fl ow channel so that e |s surr unded by
tﬁ%amrﬂ@vfp%edsth@r&wrﬁ irachapaes % E4lc figgensions” However,

CORPLLif& & thE ARGl 'red'og'ﬁrozé Vi 'fhe%‘heé’ch 'ﬂ%rw ﬁHicEﬁ‘@ heay a%]ternatlvely have

conponent i n comunication with the primary sheat
f loogerctiaemsdns bAd badomadi usgg fove nkarmeisdaiimgrergssishgional dimensions

e R e S e P OBhni e
n_?ﬂas@éshﬁfetafl% &Wﬁig o@her%ﬁi@iﬂi‘@hﬁte{lﬁf %ﬁﬁ&()ﬁbﬂcﬁfo% in ect1on

crochanne ving m crosca nsi ons
o nwldikg/slaaghing) ntabkinérg orwithdr snigahde fabrieatidratechrhgues he at h
flow structure may alternatively have |arger
di mensi ons and be formed using flow channel s having

Cross- 98 hﬁfbﬂhot‘f’dd@’cﬁé SRSp165R8 RS shea R Y maI’p%cusmg region

illustrative sheath flow structure can be fabrl cat ed
i 7 gb@dsatephabiocuss thethehth fbid amyndthvenjesiedsample. Preferably, the

mat.erial using mc fabrication,.i.nject

TR GRGSE BT SA™ FRKRE A DeRi T =G5y ) e sides and bottom of
f @y dafipld. O séRBbAY %ﬁlsugf 1‘é§ifon|19t diepakell d6Wnstteabh6f the primary
sanple’into the sheath primary focusing

r ég:uémg Y a@natﬂ@es.pran@rwsa@ajb élQWt ¢hensd cprotides ed(hitlonal focusing

f oc us %R%am? g‘ aﬁoaﬁgw oc usél% aﬁ% %?ﬁy F 9 glg Q\%‘%g@?é{rfoms the

t pEnsidRsudng Pefdrattyohe tsét@n&ﬁtmfb@snfg ﬁ@@ﬁﬂé&b@uses the sample in a
focusing region 19, di sposed downstream of the primary

f geitisalifrecion BAm:AbONg thersempis: mary sheath flow channel |

provi des additional focusing of the sheath fluid

around the sanple after the primary focusing region

per f or dcoddingnoiandliystfatee sinbgdindent filer @dbhbyinattonent the primary
ondary .fo regi on focuses the sanple in

vEER PR oL ‘gﬁlest’%ﬂﬂ alzyof\%eust%reg% epm)ézéewﬂa%@n}easwnal

Al dubsing Rl dn¥ G FRAP o TR b aﬁglec PHb) k%afdng R &th 1B is sample-

primary focusing region an secondary focusi ng

r égpiuset Inpydovedyohamidahly ea-adli sndas if dmdarrfp:bﬁzmasn@omﬁhtt Wells of the primary

eath _fluid a nd the s l.e. The r It|
£ Pichtn Gowithimt DL tiohihe s Blyrine Daperg e ARftuSLd ythe
t BEproRARAS ca@bitiddhahiig. Wal | s of the primary sheath
flow channel 12, with the sanple being suspended as a

focused core in the approxi mate center of the channel.

The secondary focusing region 19 passes the resulting sheath flow in the primary
sheath flow channel 12 to a particle sorting system or other microfluidic system or
component in fluid communication with an outlet 19a of the secondary focusing region
19. The microfluidic system for receiving the sheath flow may be formed on the same
chip or substrate as the sheath flow structure or a different substrate in fluid

communication with the sheath flow structure 10.

According to one embodiment, the sheath flow structure may be formed using a
plurality of stacked layers. For example, Figures 2A-2C illustrate a two-layer sheath

flow structure 100 for producing sheath flow according to one embodiment of the
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The secondary focusing region passes the resulting
sheath flow in the primary sheath fl ow channel 12 to a
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or conponent in fluid communi cation with an outlet 19a

of. th sc r on 19. .The m crofl.uidic

o yutedfioR.df Her | e AR shiirmant gin bse by SuvildCueterence
t hambane Iqﬂalmus%tem%étﬁ o s@ﬁmw@m@ﬁﬁ ehwfd ray)er construction
structure or a different substrate in ui d

c dmakuding abotemsibsiratehieyerhidatand fal t@p\ﬁldistratﬁtlwea 10@stacked on the

e B0 (8 TR ity TR IEP st hpLshidyfone

exlamableof 1ey&y &ﬁﬁb@&eacmb kdpSdubstc e fayleyPod AYE have ARSI therein a
flow structure 100 for produci ng sheath flow according

t shestleindetd dpristiodugding hsheatlyfluidrio gir prémaryisheath gewezhallnel 12and a

S AT B PO R 2y

skhesth floe chethdnas fer domemgafe shedb fuutthkQighithe sttt isformed in
bottom substrate | ayer 10b and a top substrate |ayer

1 ¢he Lattoak el Pby crféh%mcr@wrs&!p@gﬂlrf&%smerﬁ 198pAs ?h@% the sample
Oflnl o 'g)?fn ctSd 4 Laniiid Eha[n?l‘élog‘p 'v#ﬁc}f 1??6&3 &yth§ t&h{lﬁ@ s%eath flow

er ayers can be use ubs
1©hamm1/121émens‘tmanmf thdéheethrinket $h eﬁinjEct akahplkosuch as a stream of

i ntroduci ng se fluid to the primary sheath fl ow
 RETHRLES, 118 % e @%R&O&mgﬂn&ﬁe pERaDhihedfiavhehamelaito| o
to the sheath flow structure. The primary sheath flow

channel for conveying the sheath fluid through the
str uct Whilg @eﬁldusnetivé WWQ—hyerkﬂhEathrﬂd\xa#smtmreH)O@)injd:dhsethe sheath flow

t Wo< sheat structu 100. sh

S AR PRI PR R non F LR e ST unere oL gt vil

| PdRESI6 tfat tHeeshPAth 'ﬂiﬁéﬁ’l 1s4ahmpld @YWt 5 _BNBL pieided in any suitable
downst ream of the sheath inl etp to i nject a sanple,

s lnswtion and baviegapnsuitabbasize andeeonfigntabion. sheat h f1 ui d
flowwng in the primary sheath flow channel 12. Wile
the illustrative two-1ayer sheath flow structure 100

i nj ect The einipe &dchsihy eWiGNTY AR heoPajek kikdafStldw Sifcture 100 of
top surface of the structure, one skilled in the art

w.F 1guresel bghi ey b%ﬁﬂmﬁﬁ by sanering thanrenarysheatia ﬂpwe:haameé {2 from a
%t%ll)p%?&é Wit | zﬁf& g/?(ﬂil %Vl %Q&%F m o y %ﬁeﬁssel%ﬂ én between

e Sl ze an | gur
r ﬁ@l samﬂmchahﬂeltl\ﬁmnﬂalyeelﬁmﬁm@'a;hbath flow cHahbielt1Q[ & shdGmadh Figure 2B.

2A- 2C f db h
GBS DAER ibe HimMel mapby PR GRS on e b ey of the
Lgﬁ}élgﬂaj th& b A YeAAMRUEERMLIF th SachNE RiBGE Ik Yeath fluid.

In the embodiment shown in Figure 2A, the primary focusing region 17 is
formed by dividing the primary sheath flow channel 12 into two subchannels 12a, 12b
upstream from the sample inlet 15. The diverging subchannels 12a, 12b form a sample
injection island 50 therebetween. At the downstream end of the sample injection island
50, the subchannels 12a, 12b merge to form the primary focusing region 17. The
sample flow channel 16 projects into the primary focusing region 17 to convey the
sample particles provided via the sample inlet 15 to the primary focusing region 17, such

that the sample particles are suspended in the sheath fluid. Alteratively, each of the
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t he sanmpl e channel and the primary sheath fl ow channe
12, as shown in Figure 2B. The hei ght of the channel

woayoshme2isabst anti al | y constant throughout the PengiSkooan3cs48
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the channel or may be varied to facilitate focusing of
SRR Jhr b Mooy hava sty Pieynd e R ER Rl EHils may
| B e eam from the sanpl e

inlet 15. The d| vergl ng subchannel s 12a, 12b form a
o B LT BB el 8 s e

SYRGAB RS Sed dRay &éh {B5iass 4 HoRlom b heRhéARESw. As shown, the
focusing region 17. The sanple flow channel (ﬁr ects
@0

i wuﬂettdféhms‘amq= g‘,lowmasmeh¢6 it%@suhstmﬁla&laﬁh@mld daprigary

PSR GBS B hUEBPB S it D TPk e
S %aﬁﬁ;ma ek élﬁrduh@e(ﬁﬁfﬁelathf fludd dowhhd BoMmathé vedcYianRCdh Wdth sides of

-subchannel s 12a, 12b nay have a separate

i i) ecﬁad@aﬂt@e%@éaaeatweé m&lﬁathﬁ éhgathélyldcfé%ve Aeshagth flow

]E ggzar%r hy f'f{ry thfe gﬁﬂ%ﬁ ﬂ}cﬁ? gg Q%D(glﬂhe}l 'Ebtplte%efé(%{l Iaggle C}/elg Wldc?E width W at

t hilge @hﬁﬁdf tflé sybcasirtel 045 ETb tavsamAlleo midih &V Siodéﬁ:ealmjsheath fluid
bottom by the sheath flow, As shown, the outlet of the
sarpmd the gupeKisA samplegartiflesubst ant i ally the niddle of

the primary focusing region 17, between the outlets of

t he subchannel s 12a, 12b, such that the particles are

sur r ourideat sbypessien bfithielsamglefdactval ¢xg tiershrath Hlew then flows from the

SRR A S BEE 0 § KOTSRS P GRS orms the

S Re@nlarfy! BYEEHARBRIN 1'9%0%1@&% BR{he T&lﬁlsﬁ%géﬁﬂn 17. According
then tapers froma relatively w de w dt

otie heeilBistritiveheamizdimbiatnibe Isscondary fm@tsmg)reglosldél utlélzewmtﬂ\ fluid to

NPT SNSRI R OB Rer e i
PabdushlgStovilBEb P MR rindrY Muglhg@eéb@w ForRaktpie, ra:gl gmm Figures

focusi ng region through the sheath flow channel

WRiAcPCt tbe ﬁ%comﬁ@rysfe@@mgarpgwﬁ d8wedsiizp fosgrdhy seswndary sheath channels
i |1|36,h1[% at n ¥ n%tqgus i yr @%Eét?lgleo%vg% Cﬁ%ﬁ%ﬁ%lgﬁge %e%m?&r}/ focusmg

Utrkdiod 9. $he eddonfidry lsHea&tocmmﬁMs d8a aabcﬂtdxaand ﬁlmuaiea@ ﬂlild into the
the sheath flow in a vertical dlrectlon after the

i irinieay shesBudew ghpimst i ko thasarppleryeithin fhschgathdluid.

region 17. For exanple, as shown in Figures

As shown, the inlets to the secondary sheath channels 13a, 13b, respectively,
may intersect the primary sheath flow channel 12 in an intermediate upstream region
between the sheath inlet 11 and the outlet of the sample channel 16. Branch points 24a,
24b connect each of the secondary sheath channels 13a, 13b to the primary channel 12 to
divert a portion of the sheath fluid from the primary sheath flow channel to each of the
secondary sheath channels 13a, 13b, respectively. The diverted sheath flow then flows
to the secondary focusing region 19, where the outlets of the secondary sheath channels
13a, 13b intersect the primary sheath flow channel 12. Preferably, the outlets of both

secondary sheath channels extend above and substantially parallel to the fluid flow in the
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2A-2C, the secondary focusing region 19 may be forned
by secondary sheath channels a, 13b that intersect the

wonrbismayi3sheat h fl ow channel in the secondary POTWSR200¢/036548
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region 19. The secondary sheath channel s 13a 13b fl ow

and inject sheath flujd.into, the j mar eath fl ow.

e RaFiiB1 ety gemee] HEindhnicit s e eetafadh dabnne egion 19. To
F by thanfs: %%%%Eh&m Rhitork %éé%@mﬁﬁ%%ﬂé@t‘h%h%ﬂ?e@é 1Ba, 13b enters

channel s 13a respectively, may intersect th
p thermn;xarsrlshwﬂh fibvoskhanied A 3 dtond theisama mldems élnen@dnﬂ@, @ompressmg the

ggﬁprg{t %bﬁ%mgﬂedt h%]r \SN% of %} & edg?g{ & lélﬂ:tge other direction

2%&@@@%& sl?e%ﬂhopﬁmﬂféﬁnﬁﬁ@l%ﬁ@ﬁ&b)ﬁheat h channel s a,
13bto the primary channel 12 to divert a portion of

the sheath fI uid fromthe primary sheath fl ow channel

- ospoct? Qe REE ARORI AL SRt OGS apBrpdguppniaty

t hanseeR A @éﬁp ch@ieylat GhE pAMARY shdathviley ehdnhel, Quilk eh&atiPEhannels
the secondary sheath channels a, 13b i ntersect the

pAPwedRp coprasiad to|tambienginprnts 24a, Hberespeskivgly, extend substantially
aﬁgéaﬁé S o th nﬁ%&{iﬁyssﬁggcga ) élﬁ? ﬂﬁ%ﬂ&g 'glb%ﬁ{c%@? 9}{63 for

9 cofnfecting theshesh bhdrdnely 1(3b,am1be tespettivelyt toethe iptiiiaky she@fh flow
the secondary f u5| ng. regi.on_19. In this nmanner, )
s bawabinyihe preqpdary fofugingEHPR AQ s Elip! {8 brinch points 24a,

chap E@%‘é?'é 330 gﬁh?ﬁg‘t W st Etlaﬁtlzﬂfy‘ ERr¥e %ﬁﬁ@ﬁﬂec‘fﬂoﬂv&f the flow path
channel fromthe same sl e as the sanpl e, conpressing
t Hirosgisthe boagh pampd %485;1%19' vﬂnlmht hetlaﬁpmgﬁct ‘el sieccufdatymheath fluid

Ch nnel ZtIh&hs ab%YI 4 t | tH%I rl]g;: %o lﬁd{ﬂhgln;nttﬂe pnmary sheath
i|ﬂolvl§éﬂaﬁﬁé1\1g enbodi ment br anch points 24a, 24b extend .

substantially transverse or perpendicular to the
primary sheath flow channel, while sheat h channel s

?22 pecl: bg’%?eggl egﬁd g&ﬁ?‘g?s?ﬂ;@“?gp }% Sﬁ% %e{ﬂ'ﬁ B?{glels 13a, 13b are

P Rk Mn SeQper §db@t&vht‘§ haRneda i 1£isaar1ﬁfotdoﬁﬁn1laﬁ@ermh®ﬁth the primary
25a, 25b for connecting the sheath channel s a, 13b,

r k¢ flpwehgme] 62 e dowersupsizieleyer Flbowhestthn upperisubstrate layer
t [ par.al
5y BEEAREEN oL 503 TR o o
s ilxahaoH, ioak by both\oftiseset ondahe sitbathastiahgsls an Beforhedit the lower
pat h throu h the branch points 24a, 24b, while the
o@tlb%r@ge laYﬁré%prqvvfke fopusmiPy 2 SBEIP1¢ Ai¢Hon) ong a pat h
that is above and substantially parallel to fluid flow
in the primary sheath flow channel 12.
While the illustrative embodiment includes two branch points 24a, 24b, each

connecting to a respective secondary sheath flow channel 13a, 13b extending on
opposite sides of the primary sheath flow channel 12, one skilled in the art will
recognize that the sheath flow structure of the present invention may include any
suitable number of secondary sheath channels having any suitable size, location and

configuration.

Figure 2C is a cross-sectional side view of the sheath flow structure 100

comprising a stacked upper substrate layer and a lower substrate layer. As shown, the
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In the enbodi nent of Figures 2A-2C, the secondary
sheath channels 13a, 13b are forned in the upper

weubstonzaze | ayer 10a and pl aced i nto communi caPComS2Houk36548
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the primary sheath flow channel 12 in the |ower

suhstrate | ayer 10b when the upper substrate .|ayer 10a

i erBeResheathgiow Aernngl ey B%BWP@@_W 8@ chapgSldd ajop fftAce of the
aﬁ%&%ﬁb U&reith. Gfhelsh@ath QNI B0 thOBEnHE il&13 @th extend

t he secondary” sheath channels can be formed in the

| tweuglsthb sppatsebitenpelaytrol Qarfoom dee swagsilAg of thempaerysubstrate layer

" b Grab€ ot suie 1581 e ionst b RugTRR figed on the
t Qovier sE5RARE Tay¥& 1DBCAREREND ShEat MantlsaMpRNARDES arb3Raced 3R

extendi ng on opposite sides of the primary sheath flow
c hemnwinicition with thkpritery shaath flovaehanpel 12. fidedgtipmesurfaeq 103 of the

the sheath flow structure of the present i.nventio

| HepGauemye S S e oeptc S BURRER rAEY it AV channel
charneh $hd ¥R RBstBaY 1556istaadhicledd26gethdC Alsialdd sABH N, the stacking of
configuration. Figure 2Cis a cross-sectional side

vitharwer substrain dayenplepenihe inletend oatleior caehhplthe pergndary sheath
. .. .
FLBER SU00% BUBSRLRAGL NG, ADGR PYRRIICLERES 1

may be forned as an open channel in a top surface of

the | ower substrate |ayer. 10b, The sheath_iplet and
the sarkpF&ubsiirterlayest h0% Db Ap P%n@sﬂaﬁei W@q@‘ﬁg@rm}leﬂ to form the

S Ef?ﬁﬁl%gtiﬁle*s%a rfo&@ﬁlgfrégghg NGiBld ﬁ&t%ri&l@?m%nﬁfﬁ% thP8Bstrates 10a,
substrate [ayer 10ato the opposite surface 103. en

t h6b uphele, builast nattlenitalte silbda waders plastice glasnartdhathérometerials known
substrate | ayer 10b, the sheath inlet and sanple inlet

a5 ced in conmunication with the primary sheath

fl ow channel 12. The bottom surface 103 of the upper
substrate | ayer 10a may further serve to enclose the

pri mar yighetiha éloswwsestiomal oievl of ihia sheath 8owatrustubs i ¢adlgstrating the

I t acked. t. h I h t he ..

< PABIT A B e b pLr e P e ar Rl hinsodpe
anghcRinks 6f thebreasin@ntibheriseeandarapsdiraive Ghaeetitnakview of the
13bin comunication with the primary sheath fl ow

c Bherteflowatrugtnes Kl0Hpsteatiag thydesthibad andgpspendingparticle during the

"I 8 P A, % AL SOPROELS G i
t ReewsWIshd pdisrylflay cldipel 1cdutiiey, thb Qiffeddrt stagés dfiprodiRthg a sheath

to silicaon wafer, plastic, ?I ass and other materials .
k 6V Asshopa igdiigure 4B, sample 160 from the sample inlet 15 enters the primary

focusing region 17 through the sample channel 16 connected to the sample inlet 15 and
is focused on three sides by accelerating sheath fluid 120 flowing from the secondary
sheath channels into the sheath channel 12 in the primary focusing region 17. The
resulting focused flow 170, having the particles suspended therein, passes to the
secondary focusing region 19. Additional sheath fluid 130 enters the primary sheath
flow channel 12 through a connector in the secondary focusing region 19 to focus the
suspended particles on the fourth side, forming a central core 190, as shown in detail in
Figure 4C. The resulting sheath flow 200 is a laminar flow that is sample focused

hydrodynamically from all sides away from the walls at the channel center, as shown in
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Figure 3 is a cross-sectional view of the sheath flow
structure 100 illustrating the path of a sanple

weanisia2is7i nj ected into the sheath fl ow struct BC®US2004/036548
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according to the teachings of the present invention.

Figure 4A_ i s a perspective cross-sectional .view of the .
SREre P, ahe devbPlaoes Ny Tpeaign vt B A bEREGRer of e primary
f Liagh ﬂ(’)’\? cﬁéﬁﬁ?@%ﬁ@regﬁr&'tﬁé &cgﬁﬁdrﬂ ghdaheris Siresiart

stages of producing a sheath flow. " Figures 4B-4D are
cross-sectional detailed views of the primary fl ow

channe 2.guring th i fferent stages of cin

sheat n 1t FeifiSedh afoinont 4o oS s Eeg rah GV FkD e Brimary

t Bﬁ‘eaﬁﬁﬂ&kz%hmﬁieﬂz end ﬁ%%réﬂ&ﬁec%écﬂﬁd[ésfy fsﬁ’ééﬁﬁd:ﬁhﬁnél@%@ﬂ% is

through the sanpl e channel connected to the sanﬁ

i pdldratad tp p@ltmn:fhs e@lre@h spdsiieeregionds tlm/dcm@@p@na ¢atfyflow channel.
ﬁﬁ%ﬁgﬁlf ctoae R\éfl ggflﬁqafg{]ogrﬁnﬂgéihr?ot & a cen?é;r of %o&z%gljr']eam channel.

focusing region 17. The resulting focused flom1170

havi ng t he partlcles suspended therein, passes to the

seconddogorigiaigiangl termgiesmbeglimegieif themupntioneshony in figpres SA-5C,
%‘1 Eﬁ'hef{ Iptapcg ax?; 1h(§§@£t¥d ﬁg iRl perfgrleﬁ& ﬁﬁﬁ@?? Ithels?a AJ'K% QEH%E injected

a connecto hé secon ocusi ng reg on t

t decqlishen dedmpiy ihiet L s ima aiphﬁlafryJ ﬂj’ctlhlng rebdon 170¢ Whrcg mformed by

?S%{ié"r'wégéﬁeéﬁ%m Fouinolot davnseahol e il Tt 24 240. The

Jql
om t Sl‘lfcqv @P{aglthhe anﬁggl tlhg g{x}e{a@?ﬂé d! dn%lcqaﬁo t@%i/imary focusing
- Fegaur 137 4pd tH'dnanqnéesparﬁdbseam@hlectﬂy mjedtaciatd tha centyr cafrthe sample

not, be at nter of. th sheat h f|
b et (8 o e Delbneiay o BRERbRhepShiow channel does
S hﬁMﬁ‘aHéhemtd ﬁb&ﬁ‘ﬁmbﬂsl MR thahéeRrROs thE SHeathi B Bh@®Waspension of

resistance ratio between the primary sheath flow

c irgected parficlas dart beeacdoprmplished byesbapidathe mimaryisheatiafowl ohannel in a
%%ﬁls calibrated to position the core at specific

ré e downstream sheath flow channel. The

deS| rable core flow |l ocation may or may not be at

center of downstream channel. According to_an

al t er nXiguire Abbesietene sheath Hew sipere 500 acsprstipg foranother embodiment
ngreellsl 5"%101% anluﬁﬁl,\gfdé?éﬁatte sﬁeeatl? ﬁ{l%tg &'t %@%ﬁ%%%gg%w and the

erence nu e can

d ls]i@@li Hyidf (sedhdarg ahgiiie flhid) ﬁ‘Iat iLQEdﬁldbdl tootha shgaithreo in the secondary
focusing region 17', which is fornmed by a w denin

.of
t HRCUSHEZEEI0B H%ﬂﬁélSh‘l‘?n GBW%%‘PW éF“‘%tH’@ 19004 @hg%g ffgcdudes a
bw GO BNPYT

ARt Bl LR SPR L O SR U5 e
13amp]&d3at‘thﬂaes%rlpl sécqmlaty gtleath inlet] i foe ptdvyding peeohdaty sheath flow to
into the center, g %

focus the particles within the pnmarrgpsheath fluid in the secondary focusing region. In

the embodiment shown in Figure 5, the primary sheath inlet 11c is formed in an upper

substrate layer 10a and the secondary sheath inlet 11c is formed in a second substrate

layer 10b, though one skilled in the art will recognize that the invention is not limited to

this configuration.

According to another embodiment of the invention, shown in Figures 7A and 7B,

the sample inlet 15 may be provided upstream or behind the sheath inlet. In this
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flow and confined therein. In this enbodi nent, the
primary sheath fl ow channel does not branch into

woeurbslamisel s, and the accel erati on of the sheabtaTfusmod036548
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and suspension of injected particles can be

acc I i shed by shapin r na sh h flo
A< The GRRSABIRS SAI 1R DRG0 PRt v SePAEI comprises two
nﬁﬁ dﬁ e EliRWa e‘iéjpiauﬁz@o mc}?&ﬁﬁé RS tﬁe(brﬁfﬁﬁgfhgé'usmghreglon 17. Each

nent o the Tnvéntion, including separate s
i mbtehsniedi 24,HAbhas raeparahenett 1) Bib fenthitodacisp ebeath fluid to the

fluid sec dar e fl ui hat | a tQ the

S FREH EROU RS NE SRty PoEigian g2 B Bh tirfet Rftudes separate
S Bﬁ’é’éﬁh €1 ﬁ@Q@H forf th@&‘éc%hdld#y‘ khtagh df8nelk 154, a8ke AFE descnbed above,

i ncl udes a prlnary sheath inlet 1 a for prOV|d

p themcgncbmedtehthrqh@nnetlsﬂrwwém pn’mary ﬁ]n@.t;h ﬁ@lw§hhl‘p1€é 12 in the

sec nd ary eat Iet rovidin
C Skt o SRt PR NP R IBER e Y B By D sheatn muia
t Reth ity siedaetadibw fchatrd] 1270 Tlikﬁdés@g&ﬂd’tdﬁé nhlfs@@tma dhgath flow
region. In the enbodi nent shown in Figure 5

peirveivsp of agures TAveed 7B ig syigbledprparallelization Bﬁ@p sheath flow process
S ﬂgtfsahg%glt p%( garmspllg @hagﬂglstllg%aﬁ BEP. %‘E&/ a %'g%; &hs'hgétﬁtﬂu%d ﬁ’lj ectors on

bstrate

Swddgﬁhﬁmmﬂmﬁmamnxwll recogni ze that the invention
is not limted to this configuration. According to
anot her enbodi rent of the invention, shown in Figures

7A and wBie tl%l gﬂ]&]&t bf'i? %Eren?aého% s@ﬁé}gﬂe%ﬁ n]gg‘g%tﬁngﬂ?ach

or behin Inthis -
t kebohpsied eﬁthemnnmarsa ilowf chiatuee] pnd HalhysescbmhrmslfehﬂmMow channel, one

A s an e inedig o A PG UOPAG CPRgsloAndL o pjepativly

Sﬂw@ﬁﬁgﬂe iHéBas g-l%ﬁvr{]ﬁ‘ﬁ:@ur%@@ﬁ[ﬁ? & A-5C&hd bla he%m@hafr? Kheath flow
i ntroducing sheath fluid to the respective subchannel

Thbanmeber inglnde sifbcEimgtsebatzanwerdy ® fugperdem injected pegticle, as

S ABSrReEnfianeoh S fedaipARe el PhotrifESRE ¥ channel may
S aReMeValy 58 SHpBd aﬁftmﬁig%rddrtb e¥ig@crto sueufd mnﬁﬁeet&imﬁae as

fl ow channel in the second%gy focusing region to

pdeseriged W@T@mmgt tofigurenidtSE . vintadiition, Whidsihegmbedieent of Figure 7
f IsHows %he fsg{bﬁxdg ﬂ%@e&t H\g lea}/\{h I??Iﬂnc? L p%.?a‘tet*lg %%m e primary

desi ratlve ruc re o

Flsﬂéaltleﬂoﬁ/éhaﬂmﬂ 7dﬁe IsBﬂl%d il thielagt Willralgparead driite thﬁ dr@l’br @lore of the
the sheath flom1process because nultiple sanmp

c Reaondwy sheath flewr dgnnels H3ad3hipragypedprmsidnt qlithqﬂ gportion of the
| Qh& ALR i @heaprﬁlnglg'l sfiedth F6QF dhidhiH1 $nt6 3P or more of the secondary flow

channels, eliminating the need for a separate sheath inlet.

Figures 8A-8B illustrate an array of sheath flow structures 10a-10h may be
formed on a single microfluidic chip 800 according to another embodiment of the
invention. The microfluidic chip 800 can comprise an upper substrate layer including
selected components of each sheath flow structure and a lower substrate layer including
selected components of each sheath flow structures such that when the upper substrate
layer is stacked on the lower substrate layer, the array of sheath flow structures is

formed. Figure 8 illustrates an array of eight parallel three-dimensional sheath flow
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Wil e the enbodi nent of Figure 7 shows separate sheath
inlets for each subchannel of the primary flow channel

wanas@azii’secondary sheath fl ow channel, one sRCIiusgooum36548
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the art will recognize that the primary sheath fl ow

channel can _alternatively have a si.ngle inlet, .
stiBRsfures 1Rpd 0k auplementns the T sampleg T eehion IS P? Figure 7. As

S i el 4@ 1o i i
SABELD L LA CURROl BN ANE WS HRESRORNE i ot e rimary
wishéutl Bepehtntals Flagllle sTitAnRE@falucag:d devignpillowarthe system to

heath. fl ow channel lternativel y be shaped.and
C RIS S PR A PR il BT Beh g e peparete sample

aghAeRE 1RehIMhRhBESPRfdCt e shinfléif® thépRfaary $heath flow channels.
addition, while the enbodi ment of Figure 7 shows the

s ddendara simple inlét Guunstraam of thetshedsh il faeiditagesaraltedizgtion of

from.the pripmary sheath fl ow channel. one skilled in

t RETpIE Spith PR g s AR R0 Blegirfyald  sample
S eglensiavied Bpatdanml dfane Sathngd iets hdly b¥¥PaalcBf prodiaed for each
diverted a portion of the sheath fluid in the primary

s [peimany shegth Bovishainel.nt o one or nore of the secondary

fl ow channels, elimnating the need for a separate

sheath inlet. Figures 8A-8B illustrate an array of

sheat h Hakhof glerctiaitnd @fetd Qda, 10b, NMrydrd 18 dseadh eleath flow structure
single mcroflujdic, chip 8%% accordi ng to anot her

e cherdigned as showvn i igiyes §A 2pdSHhotstegretndaifarthpmpprapsingle

c . . el udi

o IR bL B A DA e O A br) Rl ARG b Bandior scoondery

a sheatle chasmblsibreattesteathefiow strhanaie g theglaedlebidecospanefiFigure 8, or the
of _.each sheath flow structures such that when the
spEmelBeY RSy el ETbEL BRuE" on < ho. | omer

substrate | ayer, the array of sheath flow structures

is formed. Figure 8 illustrates an array of eight
par al | éh theanemdgnemsboonan FighneadB, the pmmarylsheath flow channels 12a-

- uctures.10a-10h inplenenting the rear sanple

PR GES AHEREEP Of Ao A cU G FEeiapss e sheath flows

S ?Mﬂu@edl Hefdin GRNefdtncd SRl floWel Rife&tip #i 18 olifét® 182 Mternatively,
of the primary sheath fl ow channels 12a-12h. The
mecgehoprapaiycheal foasehganel|chn wepardiely Slpst effnchip. pr eci sel y

split an input sanple provided in the sanple inlet

anong ei ght separate sanpl e channel s 16a-16h, which

then inject the sanple into the primary sheath fl ow

channels. The use of a sg&gle inlet 15 upstream of the

s FESEMBLIFACATION OFaTHE BNYENIEON: at i on of nultiple
heat h - LLCt j [ I Frt

A tor e il ah o Arhdo 5o bERBHAY G RATLER: o

s heiatdfluidiovhip ahé tsedd\producs ephecah oy, [Hightipdiahry cheattafibw

channels were formed 800 microns apart, with associated sample channels, secondary

sheath flow channels and other components also formed in parallel on the chip. The
chip was glued to a fixture by 300LSE adhesive available from 3M Corporation and
cured for 72 hours. A 10:1 dilution of 6 micron yellow beads from Spherotech was used
as the sample and DakoCytomation sheath buffer was used as sheath fluid. The sheath
fluid to sample ratio was 45:1. The flow rate was produced so that the number of beads
flowing through a selected primary sheath flow channel was about 750 beads per

second. The injected sample was divided among the eight sample channels and the
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primary sheath flow channel. Each of the channel
infets 1 1la, 1 1b, 1 c or 1 d for each sheath flow

werousmueise may be al i gned, as shown in Fi gur esPEBAUSRM4/036548
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8B or staggered. Furthernore, a single i nl et nay be

D Sl TOk Ghnsh SBE RPN T et tor BFCAPERon sheatn
Stb'hﬁ%%’ H{)\ﬁnﬂgrlhltolﬂgh ﬁ?er;ﬁhhﬁlylsﬁ@ﬁh ﬁMﬁﬂcﬁ%ﬂéﬁ aEsbelufe@ With %t sample

the channel’s may share inlets, as described above. In
t h:barmb othesheathshaynwas mlﬁalbuﬁoeu®3 fronhhestdosang bettemn ofi the channel

h 12a- f
R RPT SRorbragePan: SRON L8 SRl RS en Prhow chamnel
PrAEE IR 8 S Sust o€ tHeQiaRiphetowéttiofl thO ¥Ren@drl fedtisihg\b@ion where

a single outlet 812. Alternatively, each primary

s ﬁb@@fﬂh fipnidofiera amsrepndsan shraaghanedly whs bupcsic tchﬁWﬁ the sample in a
| Tl THE | NTI aI Leli Z
VBt st Bt R Eout BT Sl LM RGO R 3Bn fow

WbﬁﬁﬁﬁLUIdIC chip and used to produce a sheath fl ow.
Ei ght primary sheath flow channels were fornmed 800
m crons apart, wth associ at ed sanpl e channel s,

secondayy r%fﬂ,ﬁﬁ}%g‘%gcﬁ‘ﬁoﬁhggy ﬁ o@@véﬁt vl}ﬁ{ég é:ﬁﬁ%}g&%ﬂ{ microscope over

al so forne

glagetiotl of abduit xight secbiyds3aod Gk rm?hﬂ‘te are\mofman Ithmir@ ngm F igure 9A
3M Cor oratlon nd cured for urs, A.10:1 dil ut

ofis & 09%9? O PHERE% Slfqa%ﬁ KasBelscl? laé%e Bistean gk igure 8,

t hguspafp %ﬁle%ﬁﬁi: WRIGH pIRbS tﬁQ cﬁ:ﬁﬁ@f . %&%ﬁ%@%i RSB cent

as sheath fluid. The sheath fluid to sa e rati o was

4 Bnigrosddpe ilageof the samasegmn@lﬁjhe dhamel ztsaslhoWhen Rigubep A ddken using

fl t h th fl
o ihutretia st owehed et it Beuiae b5 b8 Shinplecp Qi channet.
s gmRlsRleWes1sivKilS186t AWING/ PR if Fiite SBRR! 8 tﬁ@wsmla@@gme

the - 14 -sarrpl e portion in each sanpl e channel
i rh@@bple@vlﬁhm e figrPak aefhosae Wels shisdd A ubEtgn@r%&l Eihp hgght spot

V\Hhﬁﬁgﬂeg e coﬁﬁ?ng{% lﬁg 9 E &at f%sgévrﬁi)ggﬂsnﬁ %géan%)tle in the core ten

| mhitioab by tHe@&bIREdfet MMicidhechahite 32 APtk § M IaktolRgh of the image of
channel in the primary focusing ons around the

s &ngprre 9Bfacense AXip r-Andr ;demé%traﬁmgltw%emmg flowairodiceg fyy the sheath
P slofitchg PACSaghiREt S ook i R i Ght L SRERTHG hgunt of

s fivatdicaicaobsireedwWas cichjlecdted vithif drusspebitveschaphel. AR odearly shown

vertical direction and forma core of _the s | e
W%@ hese Elggﬁ:s,ptp ﬁlaqagl How strpctpreRQ0 of the 111usﬁat1ver2pmbod1ment of the

invention produces a sample-focused hydrodynamic sheath flow forming a central,

focused core of sample 160 within a channel 12.

Figure 11 is a histogram comparing the cores for each of the resulting sheath
flows in all eight samples of in the parallelized sheath flow structure of Figure 8. As
shown, each channel produces a substantially similar central core of the sample within
the sheath fluid. The core is produced in substantially the same location within each
primary sheath flow channel. The approximate locations of the side walls of the

channels are indicated by reference numbers 111, 112.
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channel . The resulting sheath flow was then observed
using a fluorescent mcroscope over a period of about

weigisto4zBconds, and the results are shown i n FPQUAUS3004/036548
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9A-10. Figure 9A is an image of one of the primary
sheath_fl ow channels 12 in the systemof_ Figure 8, . :
i 11 ust FEgura 2 il Retraieaibe it auton ol 6T eesdinmh i s&qﬁe eight primary
F e/ B3 ARE QP NS b duced i
e o B TR e oy DA, b ghitbrpduced in all
usf thg chiumneld ushngethe elnetatlnﬂowqx@ctwaoameﬁrodt descriedaibder @118 within
\fl\%cuzi ?Zg of the sarrﬁ&)ll e in the channel. The side walls,

i & OO e Widtsi bl e in Figure 9B are in the
approximate sane location within the Figure as are the
side walls 111, 2 in Figure 9A. The bright spot
i | | ust fTht ebeatthBowstroente efithoHlustativeeeniadimen ed the ibwerdion

13%)%% @bts q?gg?cgrﬁn{jaﬁt he %0@ 1n,§F%a@ glr o ?rugtuées o‘% the prior art. The

hnﬁisaaﬁ%@r@&thtﬂaﬂv §thR@fe lovid@UhRe ABnassidRS h b§ afiriéMocusing
denonstrating the clean core fl ow produced by the

s h@ag ] smgdw\ﬁh@tlﬂldhn@ trdet. e iWusdative shealf flow strpcdate hiap a compact

06 L LR S APR R B FLAGE RG0S e

C h’a’wi&@hon ABedéhﬁf:‘thb ¥nisdiRevo th% shb2B €loh uness afeloalydikgaidd on one
flow structure 800 of the illustrative enbodi nent of

t Bidejoh thertiugire thrkieidis igpuiapine stediss samcirBuNifisdi Furthermore,
SRR R R S0l BEUSEBO RRtance

C atjpa ibietveeeh radJ acent&haﬁmts éﬁxehllmétratlhe sh@ﬁuﬂcbw rsgueathaﬂjrhwdes

flows in all hts mpl es of in the paralleli
s REAEHCF9Y dedweevansersigys o Hienmsht howaen aifent ayers, as the

C AR Sangﬁ‘gﬁﬁ?eﬁs T RabAith i cofyRnthis ag%&ﬁ eSS the same

W th e sheath fluid. Thé core’is
prcedendiad. The lsenttwaﬂbwaldumstrbwn obsample ogedtion isihehispmmetric. In

" B PoriES lphe R g of o SRR po e AR Gaaf F3a, 130 results i

' ﬁ@’gﬁ;ﬁ 1B YedMard R R SARG FOWNEK Tatd tdtio) ki betwéél two B¢ arms
ustrates the distribution of Core sizes fromthe

sithrgigh wisghgnpentpfconteisas.h f 1 ow channels in the test
system of Figure 8 As shown, the core produced in all
of the channels using the sheath fl ow production

et hod Tohe pedskinaflvenbior @ad Bédnsdewdrited Rel8tivdto AnTilG4tEiHivEe 8MmBodiment.
wi dth. The sheath flow structure of the illustrative

e Pisgicasain changep maypeganadedn the above constructions without departing from
the scope of the invention, it is intended that all matter contained in the above

description or shown in the accompanying drawings be interpreted as illustrative and not

in a limiting sense.
It is also to be understood that the following claims are to cover all generic and

specific features of the invention described herein, and all statements of the scope of the

invention which, as a matter of language, might be said to fall therebetween.
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provi des significant advantages not found in sheath
flow structures of the prior art. The illustrative

wehew@ton213r ow st ructure provi des three-di nensi orair/us2004/036548
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hydr odynam ¢ focusi ng using a single sheath fluid

inlet. The illustrative sheath flow structure has a

conpact structure designed for manufacturability and

rﬁ%{h{ses only two structural layers in fabrication.

Becatse the entrance to the sheath fl ow channels are

onl y r @gshienthdloon stougursifokesuspentlive; sparticle i e shéattefluid, comprising:

fluidic input/output structures can be si i.fied.

Fur t he @by shrath How T‘TBWR; g’é CORERIE %W&"%{I’?‘“fls

contr ol l.afhe i gl $drfi&1B A6 FRNBInIREH S5RRGE through th
as%g% eﬂ?bét g}‘?g@g&f gcahﬂ i 2 Rf2G€d through the

rati os bet n a nt channels. The il lustrative
Speiatahy §Heatl fdw dodrmel provi des accurate results that

are largely insensitive to alignnent bet n_adjacent .. .
[ayer s A PRGATK Pcuning regio Fkdnsustideh Pt o gropdficpaytiot in at
t hesCOARPAR:Pn! shddj acent layers along the same

centerline. The reentrant flow downstream of sanple )
i nj ect iacacdndatyeorusygmegioniprovitled deiwisticam, ofttheptimary focusing

path | ength of the b chin er eat h, .channel s, .. ..
" Sigton £ ot b Frra A o Bt PREEr B B 1PAFAGECoRa direcion
(airesraftardan teawst @teRtibat i 0) shift between two branch

arnms through m salignnent of centerlines . The present

i nventi on has been described relative to an

I Ll ust rati [ hnee .o C :

e 1 1 EREcp 008 SRl o EL ek A AR Bty B on

t Hecusespe siedatlt figidi and atticawadst from al fivktedidedall edecaid side wall and a
matter. _contained in the abgve description or shown in

t HirbEdeowpH ey theramaryishendh Hewichamichr et ed as

illustrative and not in alimting sense. It is also

to be understood that the following clains are to

cGver dhk shextieflow samdtuspeidldinc?, fvdatrein dse ebotdaey focusing region
invention described herein, and all_ statenments of the

S despehe shit RySOn BRI Sy Bun2 AR SR oYl of dag Brggary sheath
meght Rgag§ai d to fall therebetween. - 16 -Clainms . A

sheat Hlow structure for suspending a particle in a

sheath fluid, conprising: a primary sheath fl ow

? raninﬁj!Té%?sfx??é}? ﬂ\ég‘vasitl{l]lg@?eegﬁ-h éj?llaltgl ,{,})l%lyeigg}'g é]?e'ﬁ%ﬁﬁ:sgieiig !a ?otp wall of the
CQR%eYechdatl Boghde).pri mary sheath flow channel; a

primary focusing region for focusing the sheath fluid
around the particle in at

5. The sheath flow structure of claim 1, wherein the primary focusing region is
formed by tapering the primary sheath flow channel in a direction along which fluid

flows therethrough.

6. The sheath flow structure of claim 1, wherein the secondary focusing region
injects sheath fluid into the primary sheath flow channel to focus the sheath fluid around

the particle.

7. The sheath flow structure of claim 6, wherein the secondary focusing region

comprises a first secondary sheath channel for conveying a secondary sheath fluid.
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| east a first direction; and a secondary focusing
regi on provi ded downstream of the primry focusing

woegisma2i3or f ocusing the sheath fluid around t RET/US2004/036548
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particle in at | east a second direction different from
the first direction. 2. The sheath flow structure of
claiml, wherein the primary focusing region focuses
Lge sh rdfickli® 2WRkrdd B¥sBedudai)f fogh
§ gﬁégel%:efg% 3&9 H]I% acnél a thlrrd Si o?e wal II%I > gﬁgreglon
pfurﬂﬁr yorspréset b sédcmdl setxandag] sheath Thennsh éatchnfdyong the secondary sheath

Do et e R ERARRT BTy e P B R priapHsheath
aﬂgQ%ﬁﬂleT’ bﬁ@th‘é@%&orﬂfseéé}ﬁlaﬂf éh@?th)éhm fbvﬁdeﬁ%n@@@&ﬁ‘d side of the

The sheath flow structure of claim3, wherein the
fpnnmtysiueathﬂosvdlanupl wal | of the primary sheath flow
channel. 5. The sheath flow structure of claim1l,
wherein the primary focusing region is fornmed by

t gper i rge tR@HPNGWBENctERAF chidh| 0 Whefsa dR! firkiseBondary sheath channel
direction along which fluid flows therethrough. 6. The

shm‘trhnfelt that iterseatuthe poinagy sheathiflowplanaehtotdigert a portion of the

Bﬂﬁﬁéf98%USl %yﬁﬁ%ﬁyc ann%@}?Hﬁ$g%ﬂgﬁ{%%&§%%g%%mhChMHmL

f|UId around the particle. 7. The sheath fl ow
structure of claim6, wherein the secondaréﬁzf ocusi

r 68i onThe Aiatislaw strpetres ofelim Ty abgredm thecirsaeaendary m;.ath channel
PRSP e SRERAAR oAbl b nod ol T

ow str erein
secondary focusing region further conprlses a second

Shbat n Y GReat Ny SPFSte S uMdamy cLiio dierPraRAIN FGFth Bow channel
PHAYAE ‘?ﬁjto I}'r@thsfubﬁl'ﬂnnéf AR ecdlisuBEiMMEVupiiesh |8f {lePMmary

channel e second secondary sheat h "channel
pﬂnmmﬂgdqpmna second side of the primary sheath fl ow
channel. 9. The sheath flow structure of claim7,
wherein the first secondary sheath channel has an

i ghet trihathdaft B6waEhSutd 6 B WheReathk frhiqbeansehd the

to divert a portion of the sheath fluid in the primary
s hwn& stibobanmsh apmiesirgd intthe plimaryi foeusingegivgde purpienk aparticle

11’1_] eCQeci into the primary focusing region with sheath fluid.

13.  The sheath flow structure of claim 1, wherein the primary sheath flow channel is

a microchannel.

14. The sheath flow structure of claim 1, wherein the sheath flow structure is a

microfluidic device.

15. A sheath flow structure for suspending a particle in a sheath fluid, comprising:
a first substrate layer including a primary sheath flow channel for conveying a
sheath fluid,
a second substrate layer stacked on the first substrate layer including a first

sheath inlet for introducing a sheath fluid to the primary sheath flow channel, and a
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The sheath flow structure of claim?7, wherein the
first secondary sheath channel has an inlet that is

weoeepar@rid7’f rom the primary sheath fl ow channel PCTAS200l@36548
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sheat h flom1structure of claim1, wherein the primry

bl D Rt e B S BRSPS SR o e primary
f @Bessh NEw AN in 4 BrimiRefoshedd FeeldnQw ok HehdalL O including the
claim, wherein the first subchannel and the second

s DBgiskarmsioundad/sr the shenth Fuidmn aideayt dnscids; agd r eg| on to

"0t on rpiseaia Hend FEARET (b 45 BTkt plHEle e ane

Okaidlsadotid subdtRkSliagertii Qoﬂ]ﬁﬂﬂﬁiﬁaﬁoﬁ Redtthe htimarcdRpME ow Shannel,
a mcrochannel. 14. The sheath flow structure of claim

1 whegean Bierfirstrrecandan shepthaharnel disterts e pogioa afiseidsheath diud from the
g}/l %@sﬁeﬁthffbv? hea Ql flow structure for suspending a

par ti Reat h fluid, conprising: a first

substrate | ayer including a primary sheath flow

c&gnnel £ conveying a sheath fluid; a second

stBst r dte shepffellowshugiure &flael % Mhstein tsdirptaceondayesheath channel

[

Paa R PePgni? FrBUERNY chih] il Pl FLUERRNE 8 oy sheath nlet and

- s4i8 sarpplgphlet.i nl et downstream of the first sheat h

inlet for providing the particle to the primary sheath

flow channel in a primary focusing region to forma

sheat hht eMsabtnAbWdirRSutd S BRARL 155 l\ﬁleféﬂ{ e Lf??t%@c&)ﬁal@ﬁleath channel

sheath fluid on at |east one side; and

s prvidta e diMertadpastiemntihe befvahlEﬂuldrtO @rﬂiecamﬂalsaﬁodusﬁmg sion
bstrate I er .and said second te | .in

o AR I BAS, R R sRERE v Bup ElGinur the sheatn

wheidietnttRehd pridhrysheah dRkY cHaheakts fEds aRSdariéy %ﬁihivh @16 sheath

partion of said sheath fluid fromthe primary sheat

f l8W- channel . 16. The sheath flow structure of cl ai m

15, wherein the first secondary sheath channel

intersects the primary sheath flow channel in a region

bégweemhs shetl fl6w ktradteat oT dldiets, dmdresaihd fEanetshdar) $leath channel
17. The. sheath flow structure of claim 15, wherein the

f 15 formedpgheissopnd pebstatedpysinel

19.  The sheath flow structure of claim 15, further comprising a second secondary
sheath channel for diverting another portion of said sheath fluid from the primary sheath
flow channel, the first secondary sheath channel provided on a first side of the primary
sheath flow channel and the second secondary sheath channel provided on a second side

of the primary sheath flow channel.

20.  The sheath flow structure of claim 15, further comprising a secondary focusing

region for focusing the sheath flow around the particle.

21.  The sheath flow structure of claim 15, wherein the primary focusing region is

formed by tapering the primary sheath flow channel in a direction along which fluid
flows therethrough.
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provi des the diverted portion of the sheath fluid to a
secondary focusing regi on dowmstream of the primary

woaousaung7r egi on, where the diverted porti on oPCThs2004/036548
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sheath fluid reenters the primary sheath fl ow channel

to focus the particle within the sheath . flow 18.

The sheath fl ow structure of claim 15, wherein the

fh %St % ﬁ{ How Wﬁ|21' El%frf@tg shrﬁpfehﬁle?ﬁ?é?%tsa

su stra ayer ath ow structure of

cfeaatﬁ?ell_s/&mdfe lpbt‘tl‘tﬁlrofdbﬂ])mmalrymj)te&th seocidnselcondary sheat h

channel for diverting another portion of said sheath

fluid fromthe pri mary sheath flow channel, the first

S $ONd@fy gh) %E?{{ﬁ‘x%l of RIANI 1@egfh%1r@thg 'ph%ﬁar)‘; sitatoflow channel
e primary sheat ow channel "and the sSecond

sémmad anty ashetaubclenacinel apeowiddetclomnel wetesn o§thgeripfary

the primary sheath flow channel. 20. The sheath flow

sTCHEPBFEIYE claim 15, further conmprising a secondary

focusing region for focusing the sheath fl ow around

the particle. 2 . The sheath flow structure of claim,
wﬁ@r ei fihe Heeaflr ﬂms‘grucft@l@uzf Ci?gmrQéngﬁreilsthﬁcﬁtfﬁédennel and the

P30 Pt bR S Ao S SRR Elonyf ffround agprcl

ﬁl?ect%ﬁtosﬂhé Prithaty usihg wedion withkhedtiaflod21, V\h erein
the sanple inlet intersects a relatively wde portion

of the primry sheath fl ow channel. 23. The sheath

F? W Stﬂlg gﬁqlé{h dﬂ %&H@ o]f%iau:fﬂ%r SJ'h@r Ebﬁaﬁ) 'nf@gglaﬁﬁleﬁ'&p channel

ow chann des ' nto A r$t 'su
Smlﬂtbrédlﬁmliﬁinnel upstream of the primary focusing
region. 24. The sheath flow structure of claim 21,
wherein the first subchannel and the second subchannel

COBVEr §§e kikatiNBoR stiB% i EH5l 179 vsfl@&'n?ﬂm sBesth Hb UG cRre is a

particle injected Into the primary focusing region
witidrofihelit devideui d. 25. The sheath flow structure of
claim 15, wherein the primary sheath flow channel is a
m crochannel . 26. The sheath flow structure of claim

]rtt ,5_(7: : \(’)\’? uiﬁ%{ﬂs&ﬁ%%\;ﬂ?ﬁ@t RochibiaWaPaftittd HisPerld®ddn a sheath fluid in a channel

of a sheath flow device, comprising:
a primary flow channel for conveying a particle suspended in a sheath fluid; and
a first secondary flow channel intersecting the primary flow path for injecting

sheath fluid into the primary flow channel from above the particle to focus the particle

away from a top wall of the primary flow channel.

28.  The focusing region of claim 27, further comprising:
a second secondary flow channel intersecting the primary flow path on an
opposite side from the first secondary flow channel for injecting sheath fluid to focus the

particle within the primary flow channel.

29.  The focusing region of claim 27, wherein the first secondary flow channel

intersects the primary flow channel in a region upstream from a sample inlet for
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27. A focusing region for focusing a particle
suspended in a sheath fluid in a channel of a sheath

wohas/odznsi ce, conprising: a primary flow channeCTfus2o04/036548
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conveying a particle suspended in a sheath fluid; and

a.first seco dar W |nterset|n

o ihiekiiye £ PP B theshen iy RRT iy BHELER b aistn o dipsrg a portion of
prthmeatﬁﬂﬁwlﬁtbawﬁist fdcondabave dmendlarticle to focus

the particle away froma top wall of the primary flow
channel . 28. The focusing region of claim 27 further

er s ol et DR RRS ST Y 3 Lo IR Bimaen R chamgetis o

frrﬂmadhenﬁdlrst secondary fl ow channel for injecting

sheath fluid to focus the particle wthin the primary

fl ow channel. 29. The focusing region of claim?27,
rein h L8

CR pr bR &R ERRRT R il M G 1BRERY SREINRES R e

sanspipelsmrglthéstépyofa 20 -injecti ng a sanple into the

sheath fJuid in the_primary flow channel to divert a

por t i orligFtiRgRsheath-fid ity ,adprqn?ﬁr}j shesgh flovshamgbondar y

flow c hﬁ;;g}g H:e]k?z

27, wher el nh% A gg plr0 ?i%grt %%t\i/lv q:ulilwgir%inéeﬁ %@Egﬁlg sflarf Ll@a’nﬁél’

n croc hanntmhg th8 jnartlAlermtdthd pafnasyishieathnfiivwn ghannpbtotsuspend the particle

n t i des. b sheath fluid, conprising

saset %ﬁ Xwﬁ‘lﬁsog&alshﬁavlé%ﬂ?’éé? fluid into a prinmary
Sheat h i je@ﬂhé«‘ﬂﬁ@ﬂ%ked HoMRA gk ﬁleﬁ’cﬁrﬂdl@ﬁltgfhe shBath tﬂ%@tta focus the
fluid into branchi ng sheath channel; injecting t
pé’@ﬁl@@lthmtbesmﬂpﬂmdary sheath flow channel to
suspend the particle in the sheath fluid to forma
sheath flow, and injecting the diverted portion of the
sheeat h A histibd oFts@rrbidRlisd e parkiclel oVt {&hsf Mdésrbg a sheath fluid,
particle within the sheath fluid. 32. A nethod of
sePPpHREEHEe ettt i cle on at |east two sides by a

Shoat n Prtpihs CATRGL ALO b SARR e RO Hiatief

i nj ect |1f)]]@cta1g(x&pztrt1€1bentb mmeoshtebmh fﬁﬁ@a@ﬁw&wﬂﬁb@nﬁeyﬁﬂlaw sheath

throug:i1 the primary sheath
flow ¢

focusing the sheath fluid around the particle in at least a first direction; and
focusing the sheath fluid around the particle in at least a second direction

different from the first direction.

33. A sheath flow system, comprising:
a plurality of a sheath flow structures operating in parallel on a substrate, each
sheath flow structure comprising:
a primary sheath flow channel for conveying a sheath fluid;
a sample channel for injecting a particle into the sheath fluid conveyed
through the primary sheath flow channel;
a primary focusing region for focusing the sheath fluid around the particle

in at least a first direction; and
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fl ow channel ; focusing the sheath fluid around the
particle in at least a first direction; and focusing

woheosgaziath fluid around the particle in at | eB6T/US2004/036548

second direction different fromthe first direction.

33. A sheat by £l ow |.S109: l.ural i of a
sheath flow sSt.r uct r%g%(%ge%%@{ n%&lﬁg%g?‘gﬁ?ﬁeelamo#t © primary
sdiemrsingt e, eegibn Sirdatusiry thevslsdathfthidraouBANRE h&tiBR in 8t least a second

priimary sheath fl ow channel for, conveying a sheath

fIG° f(Xla sa%‘b&ée@t%\fl}%&e I8rdifsstigRt i ng a particle into
the sheath fluid conveyed through the prinmary sheath
flow channel; a primary focusing region for focusing

t B¢ shdhe shdathuflow sygemdlchémdafirtiet eompricihg b e@spleaniet for
fl Lon: and - 21.-a secqndary focusing region
p?‘f?\%%g% kit s ndfiFlsro farl SGHIP &w@éu §ﬁuﬁ§’h¥r@1§%ﬁ Sheseh flow

f siewesiBg t he sheath fluid around the particle in at

| east a second direction different fromthe first
direction. 34. The sheath flow system of claim1,

fyet he ' sa e iLpl et for providing at

| st SnE R R0 et BBl 28 kit inam Sige inlet, the shoat
pinletakircyingfinte hegainalify CWreidhes fn HRSvidias shéﬁ?ﬂﬁﬂaﬁé%? h of the
flowssijteﬂw of claim 33, further conprising a s eat h

i iary shrgth dlowaghannels g1 thesystehi ng into a plurality of
branches for providing sheath fluid to each of the

primary sheath flow channels in the system 36. The

sHeat hTld wathyfstve systdm of efaith 34, fuf it RdTHrEAIRA b Whe®heath fluid
|uid inlet for providing sheath

I.e?f%go one . heahh lfl ]

RRii rtpsogﬁlnsé eqth fid torat {aagt gmeiofdhre prisneratshedth Bl channels, the
chaipheintot bERE peEABLEL ' .. ded upstream of

t he shgat h f?gi%d [ n(?uéisﬁje%.&%gﬁgﬁégﬁﬁgﬁ?%w syst em of
claim 33, wherein each sheath flow structure further

ri-ses.a ath jnlet for_praqviding sheath fluid to
e prfhneaslh)e/atg 3 Weteg SfiFhirevhengn cacsheRB Al Stiuiure further
Spstpeineod siith Mot for pROGARERNAL ATNELHN BimbS/ ML Bow channel

stacking two mcrofluidic chips toge

38. The sheath flow system of claim 33, wherein the system of formed by stacking
two microfluidic chips together.

39.  The sheath flow system of claim 33, wherein at least one of the primary sheath

flow channels comprises a first subchannel and a second subchannel.

40.  The sheath flow system of claim 39, wherein the first subchannel and the second

subchannel converge in the primary focusing region to suspend a'particle injected in the

primary focusing region in sheath fluid.

41.  The sheath flow system of claim 33, wherein each of the secondary focusing

regions injects a secondary sheath fluid into the primary sheath flow channel to focus the

particle.
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39. The sheath flow system of claim33, wherein at
| east one of the primary sheath flow channel s

woanpruzsies a first subchannel and a second subebamsedod/036548
40. The sheath fl ow system of claim 39, wherein the

f st d bch
1, Tbciapink M e AL AR

I nr%’@deédoy dwtmag ranobﬂmnwfftmmmglm@% a2 alsibcfal?&agr}nary sheath flow
heat h flom15 stem of claim 33,

egﬁ"ﬂm@r mf"n%“s?@’&%% shepth chanagl ﬁbatrlé@rsants thegrenary sheath ﬂow channel
Sﬁﬁ@@@&kﬁd@?ﬁ@&ﬁn{lg |nto the primary sheath fl ow

channel ocus the partlcle - 22 -42. The sheath

flow systemof claim4 , wherein the secondary sheath

fluid is provided by diverting a portion of the sheath

fluid in the associated primry sheath fl ow channe

into a secondary sheath channel that intersects the

primary sheath flow channel in the secondary focusing
region. - 23 -
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