METHOD AND APPARATUS FOR SORTI NG PARTI CLES Rel ated Applications The present
application clains priority to U.S. Provisional Patent Application 5 Seri al
Nunber 60/411, 143 filed Septenber 16, 2002, and U.S. Provisional Patent
Application Serial Nunmber 60/411, 058, filed Septenber 16, 2002, the contents
of both of applications are herein incorporated by reference. The present

application also clagj Il or it ' ' | oh=inspart of, U S
Pat ent Application m‘g%‘%@g‘\{%@@“{jﬂ?ﬁ@%& en w&?ﬁgb@}:&mﬁﬂ chis a
Continuation-in-part of U S. Patent Application 10 10/179, 488, filed June

24, 2002 the contents of which are incorporated herein by reference. Field
of the invenRelatedTApplieationsi on rel ates to a method and apparatus for the

sorting of particles._in 5_suspensi on, -whe the in .of a
sorting nodul e ca %%reé%ﬂ?f“?ﬁcﬁf"%“ g@%r ]F(_mt\gﬁ? {%& crﬁglﬁ'r?glf%spgt%\?g%g%%r Oﬁlpul ar,
the invgnti oferi# MNaingtfer 60/421 023 iled Sepieditiarng, 3002, end US. PAbWisibna Fakeatal ity of
sorting nodul es are interconnected as to yield an increased particle

Chroughput . Appisacka SetimldNerbart6/411u058: flsh Sentermher 163002, e chntstisehetogy .

and especial ly cytalo nd_.dr SCr | n her ) n -Qr _hiagh.

hr oughput - s8 EPHE AR e iR By e Sy B by AR Ah Ph ¥hims g
are various hye@y tefandes b sontushorai-Piroef LS b UpplishidneNbhbad 00399,608,
tumorous cells, enbryonic cells and the |ike. These particles are

especi al | y ofilsdResember 23 200 whieh 1§ aGondmuaijersitopart ofYite Patsat Applictionr e
(macr 0);5nol e ' | . l.eot i des.
This £ A0y S s Eh IbE R Y202 o ShRLAS or RERITR incBHRAREY MR SR Lo
screeni ng durdféigndéhe devel opnent of new drugs. Met hods and apparatus for
particle sorting are known, and the nmajority described 30 in the prior art
work in the condition where the particles are suspended in a liquid flow ng
t hrough a chEiehdpf thetinpeikionavi ng at | east a branch point downstream and are

operat ed accordin 0. the detect-decifdesdeflect principle, T i n
orticte facet ror b fyelortsSlafs'n AHHAAR] HE pitarkl P Rlcofing M
absor ptlison, &dspensss Sterd the aipst flyw &)aﬂi 3 Sirfing PREASRMaNBe oplitiie sevéapne of

this detection phase, it is decided how the ) ) )
output channels. More particular, the invention relates to a particle sorting system in

which a plurality of sorting modules are interconnected as to yield an increased particle
throughput.

20 Background of the invention
In the fields of biotechnology, and especially cytology and drug screening, there
is a need for high throughput sorting of particles. Examples of particles that require
sorting are various types of cells, such as blood platelets, white blood cells, tumorous
cells, embryonic cells and the like. These particles are especially of interest in the field
25 of cytology. Other particles are (macro) molecular species such as proteins, enzymes
and polynucleotides. This family of particles is of particular interest in the field of drug

screening during the development of new drugs.

Methods and apparatus for particle sorting are known, and the majority described
30 in the prior art work in the condition where the particles are suspended in a hquid
flowing through a channel network having at least a branch point downstream and are
operated according to the detect-decide-deflect pnnciple. The moving particle is first
analyzed for a specific characteristic, such as optical absorption, fluorescent intensity,
size efc. Depending on the outcome of this detection phase, it is decided how the
-1-



-1 particle wll be handl ed futher downstream The outconme of the decision
Is then applied to deflect the direction of specific particle towards a
predet erm ned branch of the channel network. 5 O inportance is the

t hroughput of the sorting apparatus, i.e. how many particles can be sorted
per unit of tine. Typical sorting rates for sorters enploying flows of

particle sug@ﬁagivﬂn b'g'haﬁ(lllgﬂ%gﬂfep B&}E%tﬁeaﬂ{. Thk Bufctaﬁwromeedécgs%g 8 rtﬁega%;apggfreed

particles p second to thousands of particles per second,

sorting uni to defidctAhe drectipnenfspedfis paticlegowads e prédetabnsmdithadthiof the S.  Pat ent
No. 4,175,662, the contents of which are herein incorporated by reference
(her ei naf t ef W%Wkﬂeﬁga%to as the °662 patent). In the 662 patent, a flow of
particles, cells in this case, flows through the center of a straight
channel , which branches into two perpendi cul ar channels at a branching

poi nt  downst r eanOf importanch Js th¥ Heoeghpat ofthe panting epparatus.d.cs bow muamyguirticlesa 15
sheath of conpatible |liqujd,,. keeping.the particles confined tq the_.center of
the channel 9%%0%6%5 'ﬂ'ﬂ{)m?'o @lg?lﬁgﬁﬁn%mw g‘friSSrtFﬁreB}PSW%go‘f"ﬁber anches
i s adj ust edpg@icleRadpehtion jPAIbbdddbAindd iR R iHGahd Y frbh Qe AU faRGI&fpdrhe
branches. In a section of the channel a characteristic of the particles is
det er mi ned sondtosthdutapds of parti¢lespersegpndefona soyglé soating 8yigt em (det ecti on
phase). The detector generates a signal when the detector detects a 20
particle possessing a predeterm ned characteristic in the decision phase.

Once ggparticle Anex8@pRUMRGortthgdRiicRGs Msclibedinlly $abadni 106, 4efs et g the
particle in a deflection phase. 1n this case, the deflector conprises an

el ect rode pesntentpotwhichaechdreintineorporated vy a¢ferdnee (hemeinafidr rofhoedta dsghparti cl es
normal Iy fl t hy ough i.n | nactivat st ate t def Lect ar . t he
APl cat i on 7 PARPede UB: 082 et a diFl Bl dos ol ih Bl PEF; Bpead
yielding a g@ﬁermla@treigﬁva{a\ﬁhagwlﬁ%vm{bhémt@tvac%érp&ﬂi@géﬂohaﬁmg &9 gas bubble
increases in size, the flowrate througﬂet his branch is reduced during the

evol vi ng phbesachipg peint dernstreamy (drrapeh) s dhe sntgppg pargicles pee wimgbndeddrioint h st ops
o L% 925 Rk, B s S5 e S b
i nt erest changemapedristi@RthE flowsrato Wioliglethe twe briicheris adidted b6 tidettiecce of the
" 662 patent is effective for sorting particles. However one
particles automatically flow through one of the branches. In a section of the channel a
characteristic of the particles is determined using a detector, which can be an optical
system (detection phase). The detector generates a signal when the detector detects a
20 particle possessing a predetermined characteristic in the decision phase. Once a particle
1s detected, a deflector is activated for deflecting the particle in a deflection phase. In
this case, the deflector comprises an electrode pair, positioned in the branch of the
channel where the particles normally flow through in the inactivated state of the
deflector. By the application of current pulses, the aqueous liguid is electrolysed,
25 yielding a gas bubble evolving between the electrode pair. As the gas bubble increases
in size, the flow rate through this branch is reduced during the evolving phase. After the
current pulse is applied, the bubble growth stops and the gas bubble is carried along with
the flow. As a result, the flow through the specific branch is momentarily reduced and
the particle of interest changes paths and flows down the other branch.
30
The device of the ‘662 patent is effective for sorting particles. However one

serious drawback is that gas bubbles are created which potentially can accumulate at

certain points of the fluidic network. This bubble generation can clog the flow channels,
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serious drawback is that gas bubbles are created which potentially can

accunul ate at certain points of the fluidic network. This bubble generation
can clog the flow channels, -2 yielding erroneous sorting. Another drawback
is that the generated gasses (nostly oxygen and hydrogen) and ionic species
(mostly OH and H) influence the particles flow ng through the branch with

the electro i I I.11on i i S '
bnsymes ar o e eraolt bl andifle BaPBladSinal Moben MBITAR BB, | 1
co- gener at edoxigeh ahdBydtager) ubtlichic reoich énosthye®laald iT5) infleervenip waxiidlys of t he
overall sortjng apparatus. In_particular, the mcro, electrode construction
is very conbPEingtaropghythe bigerhavdipthsiclecirade par. shadditions pelis apd delieaie syst em
.As a result, ' o ' ‘ .10 Anot her
exanpl e of & 1%%?% CP%E%%;Z??“ r?é%ge;‘%sét?g%ugﬂflé %ﬁc%ﬁeﬁekéﬁ%iﬂﬂ?%&héged in US.
3,984, 367, tdmstimnhteobgendrawtiivath the gadieubdils) Anater doawtiaek idijie cahpleritg of

‘(hereinafter the 307 patenté}. In the 307 patent, the particles are

flowi ng, conthe¥eraPyoring agpamafs darticular; g mycropglecliods corsbruction vept a
channel . Aft S8 18 t LO a ' t wo
channel s forgn:ﬁmnrjgi aﬁz, Igclﬁ@eaggng EeIﬁ)lti eh%ﬁg ‘Léltﬂ\%légltrll gﬁ%?ﬂ@ygﬁeﬁ{lcﬁfgﬁgg,p h%S

bef ore t he bemhofa sigtippiumk js mhatieblgddrpe.cal | y activated transducer is |ocated
in the channel for deflecting a specific particle having an appropri ate,
predeterm ned characteristic. The transducer described is a piezo actuator
or ultrgsonic trapgggueest 1ELEY D9+ LR RWbrtin® S &SI T | ¥ak RRL gure
wave in the channel. ‘El'lﬁemggjnelr)g%%%r essﬁ1 5’9\Navé)? rrcb ntaril &eglg%dt)%lﬁg?the
flow i n one }Pahaadl7,ithruisordetts eCwhich atetergantdogparated by me¢ferease (hierdinafte? thet he

ot her branch.,.Ln th evice, of the ~307.patent, as in th reyi ous di scussed
devi ce. ¢ ne. 97 patenfy B ie"SnLanpel e Bt TR o N B RAHIRER 13y hPE SEel | ng
in relativel ygliargRueh Med fenfdrio?d chafef SAR §RE a deRWdRSéctBh, thBRarflBYi Ce 1S
the deflector principle used. The generated 25 pressure waves are not
confined to bianclss i iva ghguiets forring an actie angle dipacheteeanisig. Shibranch). ofushe

det ect tion, || as. bot h..branches. This infl t X
' ow t BPougroeie A Erfeeine Fhind Mg Ry RO contihp itleetlpd SEfhe aPEng) °1 i o
type are cofypaefiedingiatspesific PasRld IRVinR anl dppRipiiatd, flede@Bmined tiRb&atste. done to

construct a high throughput sorting system Pressure waves_%e_nerat ed in one
sorter can thentrinsghensgeecribed is a piezo actuator or ultrasonic transducer, yielding upon

electrical activation a pressure wave in the channel. The generated pressure wave
momentarily disturbs the flow in one branch thus deflecting the particle of interest into
20 the other branch.

~ In the device of the ‘307 patent, as in the previous discussed device, the deflector

1S incorporated within the channe) system, resulting in relatively large construction
costs. Another drawback of this device is the deflector principle used. The generated

25 pressure waves are not confined to the branching point, but rather propagate upstream
into the detector section, as well as down both branches. This influences the overall
flow through the channel. This is particularly a drawback if sorters of this type are
connected either in series or in parallel, as is typically done to construct a high
throughput sorting system. Pressure waves generated in one sorter can then influence

30 the flows and deflection of particles in neighboring sorter units.



30 the flows and defl ection of particles in neighboring sorter units. -3
Anot her sorter is described in U S. Patent No. 4,756,427, the contents of
which are herein incorporated by reference. This sorter is anal ogous to the
sorter in the 662 patent. In this case, however, the flowin one branch is
di sturbed by momentarily changing the resistance of the branch. The
resistance is ch by an
ext ernal actuator. &ﬁ& ?ﬁgpgﬁe erre?fpﬁrég%&%%N% 2%8'&5’7%?@@{%@@@&%&1 is a
pi ezo di sc gt hedindincdrpPratid tyhrefertrren This sdatesistBalogotOtorthiy sortetl hied66s upon
activation. Although the constructjon of the sorter described in_the ~427
patent is IR¥&entifn B HOWRYE, thedloyy E\R@d%?l}mdéélﬁmfb%b%wmagw uct ur es,

it is stillgy Zlye: il HQ&M rlbed
type toget her @gél ncrelgtg}é&tcﬁ%%%@?f%hﬁéa%&@% }Se('rha %lﬁg sort

descri bed iof thdf\hran&ﬂaaapnelwanbaacmﬂmcmhtdrhm gmrpeeﬁnedl embedmwne; thvaves

causi ng |nterference w.th other sorter |l es, 15 Anot. her particle sorting
device is d&&IRe @éﬁ‘aFoﬁlq}@ez®Q’tS%Blueﬂll9Hﬁ%F° thg shanned, causipg tEQMO¥Rt s of whi ch
are herein jhcorparated by . geference. The “200 patent describes a sorting
devi ce that uses a ragnetic deflection nodule to cIaSS|fy or sel ect
particles based on their magnetic properties. The 200 patent further

descri bes proces ratl nd|V|d strea in
parallel. 20 sﬁ%ﬁ%ﬁ#ﬁqws HamLdpe e g e Wrﬁr‘% PHes a

met hoglpand QRRALAILYS it reﬁ@ﬁéljz A8scRBEd ddTte? StrudREs Y 1st éi'ﬂ ;Bieﬂeﬁaﬁé P}‘é annel
system of capillary siZe. The particle sorting system the 1 nvention

provi des a multiplersgrigpootieles hﬁﬂhe deaseribed fgsdopitea tatindrease thestortnig date. T’ﬁls

provi ding an acc e amunt s of ticles uni t
b Vi e C1ie 3 e toRer TrRvgnas COMPME Pratiel WS Erisralry Prssre shygs y
coupl ed sordauiifig FREMEBRceMAKIE BihePdRtes BIVALREM to further increase the sorting
rate. The parti cI e sorting systemmay conprise a multi-stage sorting device

for serially sorting streans of particles, in order to decrease the error
rate. ;30 Another particle sorting device is described in U.S. Patent Number 5,837,200,

the contents of which are herein incorporated by reference. The ‘200 patent describes a
sorting device that uses a magnetic deflection module to classify or select particles based
on their magnetic properties. The ‘200 patent further describes processing and
separating individual particle streams in parallel.
20
Summary of the invention
The present invention provides a method and apparatus for sorting particles
moving through a closed channel system of capillary size. The particle sorting system of
the invention provides a sorting module that can be assembled at low cost while
25 providing an accurate means of sorting large amounts of particles per unit of time. The
particle sorting system may include a plurality of closely coupled sorting modules which
are combined to further increase the sorting rate. The particle sorting system may
comprise a multi-stage sorting device for serially sorting streams of particles, in order to
decrease the error rate.
30
The particle sorting system implements an improved fluidic particle switching
method and switching device according to the present invention. The particle sorting

system comprises a closed channel system of capillary size for sorting particles. The
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The particle sorting systeminplenents an inproved fluidic particle
swtching nethod and switching device according to the present invention.
The particle sorting systemconprises a closed channel system of capillary
size for sorting particles. The -4 channel system conprises a first supply
duct for introducing a streamof particles and a second supply duct for

supplying a ri | gqui - i . . .
i nt roduce acgﬁngg S’E)e#ﬂ %g?ﬁsggggiﬂgtﬁt gfﬂ?’ Elgeﬁ%\l/{/g%fg h((::l_g r%[gg(raﬁP ?ggﬁaeﬁ'h@?l rst
suppl y duct sgm;j sh]bmrﬁy dﬁﬁg‘ngsx@nphg/a darcier hql;agh ﬂ‘ilﬁ Eimt du;ﬁﬁytﬁunufomm- anmszet h ah
measur ement duct, i C anches. into i rst.branc n seco ranc
at a branch t‘blﬂ fh.me& mmqes ‘P&’gtﬁ‘ﬁ ﬂ%l""s‘)f&@ﬂfﬁéﬁuﬂn ﬁﬁg_‘rgtesé‘gﬂlﬁ'@?fﬁh duct
and i s assogh@tRGe¥dddbuppHalueEiR in HRiGAERuBcatinSHe! £ HEhfsnehdaC Whidnst i C

of particles in the neasurement region. Two opposed bubble valves are
_posi ti dned ibranchesnioi st branoh aid 4 sreond bsncle atembraveicpoinin d mesurespat ed

| it h.ot h T bbl | i cat e with t duct
26" Chr ough XogiGH P a5FnghdBeear e AT traietre g (T BB |y 111
these side ppageRg8RdlcBakeeibi: SBERIrEdsSnthenehdmrohiig feditd. eTRaeBgodele carrier

liquid with the reservoir of the bubble valves. An external actuator is
al so provi déubblevalves argtpiosidioperbingfommenic4iigphyith theimeasurempmet-duchandexteer nal

actuator is activated, the pressure.in the reservoir of., .the activated
bubbi ¢ val vEPTifPeReRts bRty THMoh Vallee cEREhRate S tiegReflop Rl gt

di st ur pgnce thidui @ paie o oppIRBALIdE Badsaie’. dRqdi@ & allohedftd PRl Bk sihen a
sensor | ocated |ntt r;_e measur i ng@:ﬁfgl ogﬁie&g&s aéﬁ)redete(m_ nedthélgq i
char act eri sPA¥AETs 10 1piar & MANSCRY BRIy WINEOG agqy m@rlmmwy HIERETVeIRe
sensor prodyGas unR! Al A} ng&ﬁﬁ%ggxaf id 1% @%@?@ﬂ G BEEE ohe bt fie ThE
external actuator 'S responsive t0 [ he” senSor 10 cause a®pressure pul se
in a conprednbble valvasibdhen ihaexiernsl achiabdlieastblated, the presire &g thetrberadr 61 cl e

with the predeterm ned characteristic, causing the selected particle to

f1 ow down t Kle activaisd bubhls valvedrgreases dsfectmgtaemeniseys qndvawinda 0¥ mpri ses a
met hodyof s .g“grg ' | | provi ding a
measur%a%entQl!iuctgrﬁo%\q/ilr1 ?}%&gﬁﬁm{ﬁgﬁ%ﬂ?g{ﬁ%(&ﬁg@%ﬁéﬁi%%&g%fég%. at which the duct
separates into two branch ducts, and conducting a streamof fluid into the

duct inlet with stream of particles suspended therein, such that the
particles nornal p’?,hqq %WM?WPBQ}%“&%’F fpeasurpigdegion sepses,# Brrdpteged and

provi di ng URRhfaeRAsd AR daifclD NRRGY MEbuRRithY measurement region, the sensor produces

a signal in response to the sensed characteristic. The external actuator is responsive to

20 the sensor to cause a pressure pulse in a compression chamber of a first bubble valve to
deflect the particle with the predetermined characteristic, causing the selected particle fo

fiow down the second branch duct.

In one aspect, the invention comprises a method of sorting particles including the

25 steps of providing a measurement duct having an inlet and a branching point at which
the duct separates into two branch ducts, and conducting 2 stream of fluid into the duct
mlet with a stream of particles suspended therein, such that the particles normally flow
through a first one of the branch ducts and providing upstream from the branching point
two opposing side passages for momentarily deflecting the stream in the duct. A first

30 one of the side passages is hydraulically connected to a compression chamber of a first
bubble valve, which is acted npon by an external actuator for varying the pressure
therein. A second of the side passages is hydraulically connected with a buffer chamber

of a second bubble valve for absorbing pressure variations. The method further
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two opposing side passages for nonentarily deflecting the streamin the
duct. Afirst 30 one of the side passages is hydraulically connected to a
conpressi on chanber of a first bubble valve, which is acted upon by an
external actuator for varying the pressure therein. A second of the side
passages is hydraulically connected with a buffer chanber of a second

bubbl & Val v &dufiisali5@bihifa RleaSisthEn YAibAblnBShe HRAEAIRGEHISREIm vPihe
conprises providing a neasurenent station al ong the neasurenent duct

upst r eam of didepassigde fyassunps pfedetegrmed npractprgbatfpartickesdn dirasteameanidsor ¢ of

ticles in_the.st d f duci i gnal. when, t det.erni ned
har act or i SUTREEAAERY wienat eebEHaR Fasfectadiifir 065 e Pafog it
response to GRipHseOthe RRpRITSHSt St B dekdhey B ipRédebdrhinedahhtadfiistie] acﬁvz{tﬁh?h

e

external actuator for creating a flow disturbance in the duct between

si de pa$sagetbe extamabanfuater foe creahng & Heowplistuibahes indhe ductbsevesndikeside ni ned
characteristics an ausi .the selected.particle to.fl,ow do the second .
branch duct _pa.rs%g%?lﬁrigqy i%f%gté?%ﬁlgfpa{t}?ge ﬁ%\’l‘g‘ﬁlﬁe _(yﬁ?‘ﬁ{er@"& r alacgﬁg%‘?rst ate is
respectivel yeausifig GsRibcteiatticld fefldw @ewakhdrcbhdbRaciSaidted bei ng i ncreased,
by respectively connecting a plurality of sorting nodules in parallel or
serially connecting a plurality of sorting nodules in a binary tree like
configuration. A ing to.0 aspect of, the.i;nvention, iele sorting
Systemi s provi add ot bep@iip BRERbaDnd G SR Broh BRI SRl |
for comgeyi ngt the §bE 08 puGitles Yomtalbleak inpRatdds b Sespedifvieatbnhbcttgtaplutatity of qui d,
conprising an inlet, a first outlet and a second outlet, a sensor for

sensi ng a pr¥dacapadHesingssliet pesariatly sognecting a plurality of gording anqdylgsdep i n
connunicatiqgnmt ; i t, a seal ed chanber positioned adjacent to
the side chann %@e%%gfééﬁg%ﬁgﬂgarrier fluid forms a nmeniscus in the side
channel to separate the 20 seal ed chanber fromthe carrier fluid;, and an

actuator. The actyator. nodifies t2§ pressure in the seal ed chanber tdo
defl ect the meni SREROTHAB L PRoaspest<d thesiapeniion; ypartiglesquiing Systcatss provided.

charactyeri st4 28eL&kHi ' ] j Hﬁ%d& tFE%P{ fssl'vzﬁ? i'ng
t he prggetefﬁ?ﬂgg&gﬁaragﬁgﬁkgﬁ?g&?gn$?gﬁﬁﬁﬁﬁg§?ﬁg se oﬁ%F%Ut é% %%?%
particl es t hatrticles comifinedinva cdrhier qed etomprismecinghbet, acfirst owdlet and & sagondit 0 t he

first outlet. 25 It is cont | ated that .the present invention w.ll of
maj or val ue qnﬁl%h RAgrrsor for sensein apredetenngled cnaragtegst?c n apart?c e, aside thannél in

communication with the first duct, a sealed chamber positioned adjacent to the side

channel, wherein the carrier fluid forms a meniscus in the side channel to separate the
20 sealed chamber from the carrier fluid; and an actuator. The actuator modifies the
pressure in the sealed chamber to deflect the meniscus. when the sensor senses the
predetermined characteristic. The deflection of the meniscus causes the particle having
the predetermined characteristic to flow into the second outlet while particles that do not

have the predetermined characteristic flow into the first outlet.

25
It is contemplated that the present invention will be of major value in high-
throughput screening; e.g., in screening a large number of candidate compounds for
activity against one or more cell types. It has particular value, for example, in screening
synthetic or natural product libraries for active compounds or biochemical
30 characterization.



t hroughput screening; e.g., in screening a | arge nunber of candi date
conpounds for activity against one or nore cell types. It has particul ar
val ue, for exanple, in screening synthetic or natural product |ibraries for
active conmpounds or biochem cal 30 characterization. -6 It is also

contenpl ated that the present invention wll be of mjor value in high-

t hr oughput screenf f | i . §q|{ -8
bi ol ogi cal nol ecqlltjp;gaslé.% C‘ﬁ%te gr eggﬁlia?lfhr? erg e#{)%k%:%tynong;éﬂﬂgs)ée %}&Zt@#@%ﬁﬂg&iaml e
for the preskraghpit serechiag g€a samnplerfonod plaraditpof malecuiek,enuh esbislugicahs

pol ypepti des, rece r ligands, enzynptic 5 substrates, .agoni sts or

ant agoni st s rB?le@ﬁE%@mesgvt IREIEOR 671 Be eedite yoreen 2 syeplsif {Be presencegfize
descri ption gfctlimuedf 3%iBRSichPmblGuled sich B pdHPRABIdCrebbiidt Rlands RALHLEHS
sorting syste eaccor d?{% t%lan |1el I t‘]'\sisrata’;’Sl eﬁ@ngg%li ’rr%antlﬁof Taﬁes’i nv%lhl%on.

FI GS. 25t hr cubsirates, harssts at antagonistpefrearymatiodr tebept@aactividy coramclkeicgidsy st em of
FIG1. FIG 5 illustrates a particle sorting systemshow ng alternate
positions for the actuator chanber and the buffer chanber. 15 FIG 6
illustrates the particle sorting system according to anot her enbodi nent of

the invention. FIG 7 illustrates a bubble valve suitable for use in the
particl e sorBriefdesgdption of thetdvawingssent i nvention. FIG 8 is a schematic
di agram of the particle sorting systemof an illustrative 20 enbodi nment of

t he present invention. FI 9 shows one enpodipent of a particle sorting
systemﬁor sorti :%f%grl%lﬁls emaé‘f;W%%P%P%QFW’EW@SW%WHE%&‘&% 3he teachings
of the pres%ﬂhs&dgl%@ﬁfbgﬂignéﬁ'tﬁthl%\%ﬂﬂ . one enbodi nent of a particle sorting
system configured in a inary tree-l1ke configuration of sorting nodul es
accordi ng to the ¥l Rithgseglo# illustrate2be ppestiont of the pattictersortiflgRystein of Fist.r at es

ano her €O ey L RS L SRR RS k5008 70
paral | el paricheh& hbbidhasisbefiageRhed Ng to an alternate
15 FIG. 6 illustrates the particle sorting system according to another embodiment of
the invention.
FIG. 7 illustrates a bubble valve suitable for use in the particle sorting system of
the present invention.
FIG. 8 is a schematic diagram of the particle sorting system of an illustrative
20 embodiment of the present invention.
FIG. 9 shows one embodiment of a particle sorting system for sorting parallel
streams of particles according to the teachings of the present invention.
FIG. 10 shows one embodiment of a particle sorting system configured in a
binary tree-like configuration of sorting modules according to the teachings of the
25 present invention.
FIG. 11 illustrates another embodiment of a multi-stage particle sorting system
for sorting parallel streams of particles in multiple stages.
FIG. 12 illustrates a parallel particle sorting system according to an alternate
embodiment of the present invention.
30 FIG. 13 illustrates a parallel particle sorting system according to a:nother

embodiment of the present invention.



enbodi nent of the present invention. 30 FIG 13 illustrates a parall el
particle sorting systemaccording to another enbodi nent of the present

invention. -7 FIG 14a and 14b illustrate a particle sorting system according
to anot her enbodi ment of the invention, including an optical mask to allow
measurenent of a particle size and/or velocity. FIG 15 illustrates a

paral l el sorting | ' C r ol anot her
enbodi nent of thle?f%r%%%é?ﬁ @ﬂnl\ﬁ}g%@[aﬁéaﬁ%%g J&%@Aﬁ;@@f%&? gdéﬂgtov%ro Flgletr)l e array
desi gn of aepbodilveat ofshe invegtiey Sichndiag aw bplicad makb tesivhekeasindiachiofat of the
present invention, FI 8 17 i)lustrates a parallel sorting system according
to anot her BHBEEiSHSANGO veloRY-pr esent invention. 10 FIG 18 illustrates drug
screeni ng syst emgi ' i 6l il : ent
hventi on. Dot al [t pamERHh a1 Sitin cfu G Halli vaRUGE C el 2ol

provi dés a fearotler embodimentyofthe pessedtanvendioni ng particles 15 suspended in a
liquid. The partigle sorting syst rovj des hi gh-thyoughput, |ow egror
sorting of partitf(]éfsléﬁgﬂ%ﬁt ‘é’“ﬁgg a@ﬁiﬁ’ﬁ@@?ég’ﬂag@{@r&ﬁ?ﬁteﬁﬂ@ BE ent

i nvention w Anoﬂpfe%gmegggf@ggfg%ﬁt%@gﬂ%ﬁ_ to illustrative enbodi nents.
Those skilled 1n the art wll ppreciate that the present invention may be
i npl ement ed i n aFKuntyatlusifatehi « paraléah sortiag plystemtacoordingrid armtbetimipodimeninef | s
not specifigally Ijmted in its application to the 20 particul ar enbodi nments
depi cted he iPﬁ.Sﬁ‘r{fé“’ r&‘r"ﬂs "duct" "channel" and "flow channel" as used
hereingrefers topps. mnmwesfd}ﬁgweé:ﬁnggystéﬁ&w@nﬁn {hdPaftltdd saihgws for
novenent of fluids, such as |iquids and gases. The channel in the

m crof | ui di systems pEtheprestrtrinignfionave cross 25 sectional dinensions in the
range between about 1.0 m and about 500 m preferably between about 25 pm
and about 250 p.m and nost preferably between about 50 mand about 150 m
One of ordi D%f:tﬂe&ﬂiésbri'ﬂﬁoﬁ bt Thvididn be able to determ ne an appropriate

volume and | ength of the flow channel. The ranges are intended to include
t he above- The present invention provides a particle sorting system for sorting particles

15 suspended in a liquid. The particle sorting system provides high-throughput, low error
sorting of particies based on a predetermined characteristic. 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 embodiments and is not specifically limited in its application to the

20 particular embodiments depicted herein.

The terms “duct” “channel” and “flow channel” as used herein refers to a
pathway formed in or through a medium that allows for movement of fluids, such as
liquids and gases. The channel in the microfluidic system preferably have cross-

25 sectional dimensions in the range between about 1.0 pm and about 500 pm, preferably
between abouf 25 pm and about 250 pm and most preferably between about 50 pm and
about 150 um. One of ordinary skill in the art will be able to determine an appropriate
volume and length of the flow channel. The ranges are intended to include the above-
recited values as upper or lower limits. The flow channel can have any selected shape or

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

shaped configuration.



recited values as upper-or lower |limts. The flow channel can have any

sel ected shape or 30 arrangenent, exanples of which include a |inear or
‘non-linear configuration and a U- shaped configuration. -8 The term
"particle" refers to a discrete unit of matter, including, but not limted
to cells. The term"sensor"” as used herein refers to a device for neasuring
a characteristic o @ ohhckr rucho A%itroRAidit 6 fandt, ToRALE! By ARt
val ve" as used herein refers to a device that generates pressure pulses to
control flowtbkeldlnigh a channel. The term"carrier fluid" as used herein
refers to a sheath_of conppatible liquid surroundi.ng a Bartic e for .
carrying one or mol¥ HRt YOFYs af HF e reisiio 8 eﬁ’ﬁﬁlﬁ?{%‘?“ B Clarpenstic
schemati c depjrGhioBjecOisuéh Ro4 pdrGlie. sorting system 10 according to the
teachings of the present invention. According to one application of the
present 3invention, the particle sorting system 10 conprises a cl osed

channel system of gapill a 15 si,ze for,sorti articl .., The channel

syst em conpri ses aﬁﬁptF’énE‘ é%tf%ff VALY, o8 uf%[ pegeiny rﬁfe?%@)&éqbcegﬁgttgsggﬁﬁaapressure
particles 18 ks @ st oSURRIugh deabhnnkft for supplying a carrier [1iquid.
The first supply duct 12 forns a nozzle 12a, and a streamof particles is

I ntroduced into the flow of the carrier liquid. The first supply duct 12 and

h d | Yerd 14 i-0,, £ Ui muni i i
duct 16 Tor conveyTitehn FrBEEARE: by bied ERTINEA® b Sonth etk Pl BBRIGEE ™ e
measur engnt dueouldiap aRpagiddiop carfihg she obmancihredladnhadupgBdadrnel chafiggond

branch channel 22b at a branch point 21. A neasurenent region 20 is defined
in the neasurenent duct 16 and is associated with a detector 19 to sense a

pr edet er mi ned char r-l. st . t ' ]

measur enent regio nﬁg%q lkr\%&%ﬁl% E)lg él 5‘8 16{3@%{)%%%»@3@ gaﬁ‘%%y%E%%BQ&§ to the
posi tioned 2Sedchirdsiof¢hd refcheinvedson. eA@otdiflg el o upplitaipasddhd prefdnui d
comuni cation therewith. The valves are spaced opposite each other,

h 3
al t hough t hodBYESTiog, Ureparticlesorimg systom FQepmpiases g slosed ehannekyistenyel apilsrg can
I b d.g ' ] {
meacur okont _dizeor tARE BatRle ind BRRBTGIDG AT DS ooV e )

introducing a stream of particles 18 and a second supply duct 14 for supplying a carrier

liquid. The first supply duct 12 forms a nozzle 12a, and a stream of particles is
mtroduced into the flow of the carrier liquid. The first supply duct 12 and the second
supply duct 14 are in fluid communication with a measurement duct 16 for conveying

20 the particles suspended in the carrier liquid. The measurement duct branches into a first
branch channel 22a and a second branch channel 22b at a branch point 21. A
measurement region 20 is defined in the measurement duct 16 and is associated with a
detector 19 to sense a predetermined characteristic of the particles passing through the
measurement region 20. Two opposed bubble valves 100a and 100b are positioned

25 relative to the measurement duct and disposed in fluid communication therewith. The
valves are spaced opposite each other, although those of ordinary skill will realize that
other configurations can also be used. The bubble valves 100a and 100b commumnicate
with the measurement duct 16 through a pair of opposed side passages 24a and 24b,
respectively. Liquid is allowed to partly fill these side passages 24a and 24b to form a

30 meniscus 25 therein. The meniscus defines an interface between the carrier liquid and
another fluid, such as a gas in the reservoir of the associated bubble valve 100. An
actuator 26 1s also provided for actuating either bubble valve, which momentarily causes

a flow disturbance in the duct to deflect the flow therein when activated by the actuator
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respectively. Liquid is allowed to partly fill these side passages 24a and
24b to forma 30 neniscus 25 therein. The neniscus defines an interface
between the carrier liquid and another fluid, such as a gas in the
reservoir of the associated bubble valve 100. An actuator 26 is al so

provi ded for actuating either bubble valve, which nonentarily causes a flow

di st ur bance,gn : f kel ' t he
actuator - 9%’6&2@“%%%&%&%@3%0% %%&@gﬁddg'%ﬁ%;%lgg%‘[;%% gﬂﬁis\eég%[gﬁf) eleval ve
100b. The seskadObubdle aswdnffer IGGbs@bingahe peessurbphifse crehited tatthofibit bgblilbe
pressure pul se created by the first bubble valve 100b. 5 The first side
passage 24b"?]é’°ﬂ9§'i’-aul ically connected to a conpression chanber 70b in the
first bubble valve 100b, so that if the pressure in this chanber is
increased, the flow in the measurenent duct near the side passage is

di spl aded i nwar d§hedinisideniassigk 24 ¢ Ipendilcallpconnected éo acomplestibnvhambdrhe

duct. The segond_side a posi.tioned opposjte of the. first side
passage 24b%‘3 Hh%rfgﬂlqp“ggél‘%ﬁ’@ﬁmédoégaﬁ‘%ﬂ%?IH in thig chmbefds 0FE2Ss ¢ he
second bubblgg, YR VethtBsh@meAPRR% H&d}%@éisggwssgéfs%m&e& fwallld,s first side

passage 24b co-operates wth the second si passage 24a to direct the
bef ore nentsubstandially geipendicept mdberpoimal floveic thy dprte ThaseindgidelpassagaBdassi on

chanber 70b, so that the displacenent has,a. gonpone er pendi cu to the
ormal 1 owPeropned Ghepiircptbe Bis SEEareseRe 248 I B R R RABeES K pplTer
Pressufg zi NghidiBerC7OARN ARSkOhdMBBRA aIVEORD08 ToPATREFinPhrebduidirtnsichts. ITHRSI ent |y
di scharged fromthe first side passage 24b. The resiliency of the second

si de passadiest2ilg passsgt £4b opoperatep mathicthe sevond gideqiassage 244 to direct thediedore f | ow
of the liquid i.n t .dyct - into.the cond si.de passaqge 24a. .Th

co- oper at | oftBopL e dpiak e el RS AS R A GRS rélBrr o ey

| Nt er connecthat diesdEspladeghent BN 4 dunpiaient fegprRitldras By ndinal fldR of the Reticles
transiently noved sideways back and forth upon pressurizing and

depr essur i siligugh thempraswgmsnedist.on chanber 70b i nduced by the external
act uat 26 in response to the signal raised by the detection neans 19.
This transient liquid displacenent, having a conponent perpendicular to the
normal flow in tipoiutéssuitzing iR copipréssibni chafh®él PAH argndint pdtitnidlies havi ng
predeterm ned characteristics to separate themfromthe remaining .
transiently discharged from the first side passage 24b. The resiliency of the second side
passage 24a results upon a pressurized discharge, in a transient flow of the liquid in the
duct into the second side passage 24a. The co-operation of the two side passages and the
20 fluidic structures they interconnect causes the flow through the measurement duct 16 to
be transtently moved sideways back and forth upon pressurizing and depressurising of
the compression chamber 70b induced by the external actuator 26 in response to the
signal raised by the detection means 19. This transient liquid displacement, having a
component perpendicular to the normal flow in the duct, can be applied in deflecting
25 particles having predetermined characteristics to separate them from the remaining

particles in the mixture.

As shown, the measurement duct 16 branches at the branch point 21 into two
branches 22a, 22b and the flow rates in these branches are adjusted so that the particles
30 normally stream through the second of the two branches 22b. The angle between the
branches 22a, 22b is between 0 and 180 degrees, and preferably between 10 and 45
degrees. However, the angle can even be 0 degrees, which corresponds to two parallel

ducts with a straight separation wall between them.
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particles in the m xture. As shown, the neasurenent. duct 16 branches at the
branch point 21 into two branches 22a, 22b and the flow rates in these
branches are adjusted so that the particles 30 nornally streamthrough the
second of the two branches 22b. The angl e between the branches 22a, 22b is
between 0 and 180 degrees, and preferably between 10 and 45 degrees.
However, the angle can even be 0 degrees, which corresponds to two parall el
ducts with a straight separation wall between them -10 The particles to be
sorted are prefed@BPgrtisies ko bespricd ase mesiarably yaprlicdde pipssauerent PoSEIRABRE f | ui d

current, whj | ' e[ h- ess
of confini Eg‘ﬂ?ll ?gﬁj‘{ ci eﬂgﬁg%}gﬁsﬁg%&g\gﬁ&%ﬁ%&g? F ee%mﬁ[%fi épr e ?%Jggcggsggheat h
“flow 5 contomfirtiag b pactic Notmram!iy kneemfand efien tefesedmhisav/elkkatly flow] ecti ng a
stream of sus gnd?etg% rticles throug[h a _narrow . outl et nozzle into a

particle fr& qraaly, somdRemeatith agievedydpiesdng Btreas) ektuspriidete ratio
of flow rat | v aer. L ' : ' . f4, henment

"h the duet Pateles 118 gtiE RERN SluaY AR Sipaltidblite ol KT HBILEARIS

rel atively dactde. fByoadjusting thd ratibef €lawrrates of thepususpenson lahd camientiguid,gheonf i ned

particle stre 10 having.a | arge djstance between.the particles. Ip a
suspensi on F ﬁE‘P(?HHg’éﬁn%“?WSdPF?%WgLWﬁ?“HﬁcR“& © dsiggee l%e?dﬁusﬁeélrtlcl es
can be di stdnciis e 160 kB bf AR itk S8uitiGRsARdn BMdrk Chimed paliRiSERalm 18D
Upon sensing the ™ predeterm ned characteristic in a partlclg 18b in the
measur Bhent hewgg edarge distanec Hetiveen the phBiclés. r ai ses a signal. The external
actuator 26 activates the first actuator bubble val ve 100b, when signal ed
by the detector 19 in response to sensing the predeterm ned characteristic,

to create a fIOWMh%ﬁs&Bﬁ&@ﬁlﬂoauééa%maMt%g@l& ddetct2, %o BpEYERihriidlSs inde

passages 24a, 24b. The flow di sturbance deflects the particle |I 8b having
t he predet ebaidistitigeiadanemal paiticlesd 82 ed patticles ofintetesin 8bhbipph sensinigrtheich duct

w tn che acPlabisPieR SBRRef RAFRaC YL P el AG-EGELRN 20 NP n2

char act®r i st1bgaikés Hsip@dl i THe exterbilacaatod 26Qktivatd thafies atinetor butgé vavbibba, val ve
100b to cause pressure variations in the reservoir 70b of the first _ bubble

val ve. The adwensignplsa byithe detegtor Kt ingamones tpaaepeng Hemradatermingd ohampiseistac, 250
in the firg m%gtgga'stg%vg BlsHFoaH0 B ARInGRURARNPald: T8 BLEYen RIST S FRsaEBE AL ON 1N

the first side
24b. The flow disturbance deflects the particle 18b having the predetermined

characteristic so that it flows down the first branch duct 22a rather than the second

20 branch duct 22b. The detector communicates with the actuator 26, so that when the
detector 19 senses a predetermined characteristic in a particle, the actuator activates the
first bubble valve 100b to cause pressure variations in the reservoir 70b of the first
bubble valve. The activation of the first bubble valves deflects the meniscus 25b in the
first bubble valve 100b and causes a transient pressure variation in the first side passage

25 24b. The second side passage 24a and the second bubble valve 100a absorb the transient
pressure variations in the measurement duct 16 induced via the actuator 26. Basically,
the reservoir 70a of the second bubble valve 100a is a buffer chamber having a resilient
wall or containing a compressible fluid, such as a gas. The resilient properties allow the
flow of liquid from the measurement duct into the second side passage 24a, allowing the

30 pressure pulse to be absorbed and preventing disturbance to the flow of the non-selected

particles in the stream of particles.
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25 24b. The second side passage 24a and the second bubble val ve 100a absorb
the transient pressure variations in the neasurenent duct 16 induced via
the actuator 26. Basically, the reservoir 70a of the second bubbl e val ve
100a is a buffer chanber having a resilient wall or containing a
conpressi ble fluid, such as a gas. The resilient properties allow the flow

of liquid from t AetheencisieaRAt reglost 20, Hidvithea diréingediet 9888 a2dRable
al lowing the 30 pressure_pul se to be_absaorbed a preventing di sturbance to

. d and .
the flow of SSRBRE 19e frradraptiqudary chargeteristie sushas sige, farpbs Alprsecan iptensitygas well At
t he neasure reql - Mal IRV ' ' ﬁcat]: '
sui tabl e s%ﬁdsl%?r cilg%ag 61%@%? d&&ﬁ#éﬁﬁ%‘%ocﬁgﬁgﬁ g@ll'ﬁ}l&éﬂ@sﬁch ?gcaé)?gzéeéﬁg?rgr m
f | uor escent knowreinshé yit, A vavddds typs ofloptical derrtion systedts sush abuii@ascopes,one of
ordinary skill. Exanples of applicahle sensor, knovvq in the art, gée
vari ous typ@%CIBFe isionsysiens pad eleptony Bicans o magsying slestiacpropertiss {Ri ne

Vi si on syst . ' [ | ﬁﬂﬁ’é | es of

t he particﬁgg?lggggiﬁbgﬂ%gﬂyfﬁm%ﬁﬁﬂ% gﬁsggﬁgﬁ%&f&ﬁ%&ﬁgﬁlg?ﬁ@eﬁre %tems for
measuri ng t fieorefdenintensiendf partielas i Thesokygpant cahprdse allights somygs hevisgeonpri se a
| i ght source _ havin ui t abl e. wayvel ength for jnducing, fluorescence and a
detect ion STuRAIAYHFcHERF MKYCBATOFSEaiE g 2 delection SRR & TReASHH IS et
light. Thi sigdRitPEFikelitniEd Bl }iBhtC PR apAHoaON is heWhisBd RACHiKihARnt hat are
| abelled with a 2?I uo?escent Egltéﬁ%’?n hpl.le?ﬂgr?pgﬂaacﬁjecgteml ecul e that nupon

i || unmilfat i ngithiptutticlds ghet aodf Iabelfedrwitle a lflapref¢ans mavicer gl e ag attaghed dnadesild thght  at
anot her particul ar secong el.ength (fl.uorescence). |f thi econd

favel engt b PrapeRinaBESRtatER of fadeufes S MRS EREERpraduret BEB S8 gt 1
raised. 15 QllaseBitl ®avdla B (RudrERehRA IR {RIRRbn®wal-tlehith Hi5RL & QEREteRY
particles flowing through the nmeasurenent region. Interpreting the
scattering thesharactafighaigisensad end e kignglissaisehd f orm of particles, which can
be adopted to raise a signal when a predeterm ned characteristic is
detected. 20 The actuator 26 for pressurizing the conpression chanber of the

first 1gubbl e vabufer eRdimplesiiciudie tRemexdupsréit ofGhtaicattertd By phutise Mlde/ii® a
signal fromthe sensor that a particle has a selected predeterm ned

char act er i stireughthepsagiremenigegipndgterrsiingtheseaftarng yeald miorationn the size
suitable for 4 ' [ f] i des a
gas pressur Eémi%ﬁ@%g?’ | qheltsg‘%l]%flt% %%H? ??(ﬁmisetlo 3&%%5‘3;5%1812@9%& Slf—egr%%gggl?}%l e, the
act uat or naypharacteristic is detected.

20 . The actuator 26 for pressurizing the compression chamber of the first bubble
valve can comprise an external actuator that responds to a signal from the sensor that a
particie has a selected predetermined characteristic. There are two classes of external
actuators that are suitable for increasing the pressure. The first class directly provides a
gas pressure to the liquid in the first side passage 24b. For example, the actuator may

25 comprise a source of pressurized gas connected with a switching valve to the liquid
column in the side passage 24b. Activation of the switch connects the passage to the
source of pressurized gas, which deflects the meniscus in the liquid. Upon deactivation,

the switch connects the passage 24b back to the normal operating pressure.

30 Alternatively, a displacement actuator may be used in combination with a closed
compression chamber having a movable wall. When the displacement actuator displaces
the wall of the compression chamber inward, the pressure inside increases. If the

movable wall is displaced back to the original position, the pressure is reduced back to
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25 conprise a source of -pressurized gas connected wwth a switching valve to
the liquid colum in the side passage 24b. Activation of the switch
connects the passage to the source of pressurized gas, which deflects the
meni scus in the liquid. Upon deactivation, the switch connects the passage
24b back to the normal operating pressure. 30 Alternatively, a displacement
act uat or ey gindifopclakTRLAR AR ihBlc Gl ARASle RBIRERSH RRkATRE"
havi ng a novabl e wal I". Wien the di splacenment actuator displaces the wall of
t he conpr essklsntreagistic actakar,dyhicih eayseedispinecniont ofle plungeremasnetdizing e
nmovabl e wal | i | spl aced back to the. ori,ginal position, the.pressure.is
educed back P AneampiEa oegfe pRPieAr BE w4 Sreminlt BF TMLEE4 bl o
di spl acenent cqighdéabPA stadk 8f\disie FAIHAPTRENRS dfpliesidhPd A voliabé produestSEBnear

di spl acenent of a plunger upon energizing a_ coil. Another exanple is the
use of Pi ezodisplacementpBetdtypds of peuatoxaengage the meableowall of the compressidar or a
stack of dis i on the appl.icatipon of a voltage produces a linear 5
displacenent&ﬁ%5$%7@3%§§53P“§§Pﬁa o?@ﬁgﬁéggg'the novabl e wal | of the

conpression chanber 70 to cause pressure variations therein. Figures 2

through 4 illustrate the switching operation of switch 40 in the particle
sorting system 10 Fegures thwengh 4 liystmtg theeswitchingopgeatiopod switoh 4@ i s pericle

pr edet er m ne fehStiCql . [ t ' | ,to
activate t heq%c %P%%rﬁg@%fﬁ?p%}ﬁgl‘a@? ?{é?élr %’r%ﬁ%) et?ﬂgr g%%g%o@?p dg{egfg%s?gur e
wi t hin 1he r eaaametisticifila paftiddgnd gensiatddinihreal wnhotwate kRO bt stor DG NEaMEd,
defl ecting the neniscus 25b and causing .a . transient discharge of _liquid
fromthe fir@fthtign opthesshatorthe Prassyrgavithin B tesPrYaie’Ch oidhe %ﬂ@@hﬂedewe

pressure | ”%E@Eﬁﬂg‘éﬁﬁfhﬁeeﬁ@ t?zg?é 'eué Bsd &%%&ﬁ%g%&%@ﬁn{ difiHlatld &t f1 oW

into the second si passag cause I ent properties of
t he reservoi lliqofd firdre tisefishsddbpdsbige 24babs/mdicdd byThe srromsy dbre soddeh présguied i nt o

be. seen i n © HREFFRQEREES oF Lo f ARk ories Weud o Bhirabic e eondade  °° °"
defl ectpfl, CHsaBO24d)BeSREEEE 1L rddRidnk g}o?imgi‘gs bf"{lﬁrr@@}vg}ig@f thesaiond vhsbieeen the

first side passage 24b and the secon passage 2 '

a to be shifted
per pendi cul arvalve 100s Thiswm@ement efdiquidhintamthetsecandrsadd passage @4a {¥iadichipd with

oS A0ES, L e TS AT A0 N5 L e PRSI 25yt o500
fromthe firsfucsidi| deASHADSadity A8 delehied pATIERGIINERPESIBEfed Barwas R first
side passage 24b and the second side passage 24a to be shifted perpendicular to its flow
20 direction in the normal state. The flow resistances to the measurement duct 16, the first
branch 22a and the second branch 22b is chosen so that the preferred direction of the
flow to and from the first side passage 24b and the second side passage 24a has an
appreciable component perpendicular to the normal flow through the measurement duct
16. This goal can for instance be reached by the first branch 22a and the second branch
25 22b so that their resistances to flow is large in comparison with the flow resistances of

the first side passage 24b and the second side passage 24a.

Figure 3 'shows the particle sorting system 10 during the relief of the first bubble
valve reservoir when the particle of interest 18b has left the volume between the first
30 side passage 24b and the second side passage 24a. The actuator 26 1s deactivated,
causing the pressure inside the reservoirs 70a, 70b to return to the normal pressure.
During this relief phase there is a negative pressure difference between the two

reservoirs 70a, 70b of the bubble valves, causing a liquid flow through the first side
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appreci abl e conponent perpendicular to the normal flow through the

nmeasur enment duct 16. This goal can for instance be reached by the first
branch 22a and the second branch 25 22b so that their resistances to flowis
| arge in conparison with the flow resistances of the first side passage 24b
and the second side passage 24a. Figure 3 shows the particle sorting system
10 during tbﬁssa%! 248 andfthé §Rohd 573k phsRES Baa HPoYite ToABE HiyRId oM Sbwg Rar ticl e
of interest | 8b has left the vol ume between the first 30 side passage 24b
and the secoryigisdevpoandagdndidaied ththegstowst or 26 i s deactivated, causing
the pressure inside the reservoirs 70a, 70b to return to the nornal

pressure. During this relief phase there is a negative pressure difference
between the two Figses histrated Gk, pafiile sdriihp eysiethhDafieatogpletioaotitheg a |iquid
flow through the first side -13 passage 24b and the second side passage 24a
opposi te t oSWHehing srauange dhednesapres instdedhe msenyons of thedubbleditlvesstg ndi cat ed
by the arr O\Q@Ja{lﬁé&léglgwﬁ%th% ﬁ%Wtﬁfo%%htﬂ}fbemQ dnfdr? AR 16 ﬂ&%o?ﬁigﬁz%mﬁs%éf ter
conpletion o e swtchi'ng segdence. e pressures inside the réeservoirs

of the bubbbarti¢kl ofdsterse] 8hatd deérz idplacdd 1adiallg, it el floovintdthe figh bidieh 22a,
nmeasurenment duct. 16 to normalize. As the tﬁarticle of interest 18b has been
di spl aced r ¥dmlgthgotherpagqle contipye i flowiinte the second braneh 235 herehysaparatmg ot her

particle contl ' neh 22b, thereby separating
the particl &é;@;@%ﬁ%&f%h{%ﬁ%&g% negqrc%%?lgg?eri stic. 10 This process of
detectilng and sel ective deflecting of particles may be repeated nany tines
per second for sQrting particles at a high te. Adopti. the fluid
switching as de (}E‘%Sifg eSS g qt%‘ﬁﬁ“ﬁé‘_“éﬁ%lfe%"ied{‘?gem _@g%ﬂiéﬁbﬁbe_p@%teground_
several tNOUSAYEmcs et SRLAIARGHREARTIAN 1 HRAOAG. Aoplifl i AN Lk fithipg! es i

the order of million sorted 15 pa es per hour. ording to anot her
enbodi ment ef desadbedy switthing operhtomotaaboexdouist) lup ty atonad s¢Gda thowsande buf f er
bubbl e val ve Qb may be placed in.different si.tjons, Far ..exanple, as
ohown' i n i Sueise SpiraldhsRssend it isesafiie s bR pise G BRAE passage
20 24aysand/ %ﬂfcp:gtp@pﬁglﬁ_r bubbl e val ve 100b and the second side passage 24b

may be place upstreamfromthe branch point 21. The conponents maybe pl aced
in any suitable

According to another embodiment of the invention, the actuator bubble valve

.100a and the buffer bubble valve 100b may be placed in different positions. For
example, as shown in Figure 5, the actuator bubble valve 100a and the first side passage

20 24a and/or the buffer bubble valve 100b and the second side passage 24b may be place
upstream from the branch point 21. The components may be placed in any suitable
location, such that the flow resistance between the actuator chamber 70a and the buffer
chamber 70b is less than the flow resistance between any of these latter components and
other pressure sources. More particularly, the actuator chamber 70a and the buffer

25 chamber 70b may be placed such that the flow resistance between them is less than the
flow resistance between a selected particle and a subsequent particle in the stream of
particles. The positioning of the components in this manner thus prevents a pressure
wave generated by the above-described method of deflecting a single selected particle,
from travelling upstream or downstream and affecting the flow of the remaining

30 particles in the stream of particles. A larger difference in flow resistances results in a
higher level of isolation of the fluidic switching operation with associated pressure
transients from the flow characteristics in the rest of the system. Moreover, the in-situ

dampening of generated pressure pulses applied for sorting allows the tmplementation of
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| ocation, such that the flow resi stance between the actuator chanber 70a and
the buffer chanber 70b is less than the flow resistance between any of
these | atter conponents and other pressure sources. Mire particularly, the
actuat or chanber 70a and the buffer 25 chanber 70b may be pl aced such that
the flow resistance between themis less than the flow resistance between a

sel ected padrifl oAl echiRRRANENPRY b1 SLiR1E40NBPLE GBI GL nydiBliidhstyes.  The

posi tioning of e conmponents 1 n this manner thus prevents a pressure wave
gener at ed bjnd preusiativaltiesloted foun thetdibets.of defl ecting a single selected

particle, fromtravelling upstream or downstream and affecting the fl ow of
the remaining 30 particles in the streamof particles. A larger difference

“in flow resi st ang@goriiigiib ifiothtr émbdtiGbel, shAVEin Mfure $otRtpagi:10orting sfskds di C
swi tching operation with associated pressure transients fromthe flow
char acPer i sof e proseptiavension mdy ysgany yuitablg prvesuERYayYe angetor{inplace ofdanpeni ng

of generate e 5] | ses.. ' f ti t ' ntation
of 714 sor ¢ PAIIE ZEYE pRABRPR B SR baBI e YR E Pt R Bl R o i ch
i s hydraul i eglié YOOI MEbriRemMPR] tHedréstuleSodvatgeflerbiod 160 BRy@ohfiise akaaati Ng to
anot her enbodi nent, shown in Figure 6, the particle sorting system 5 of the

present i nvafhiask HeapelesEicopinmiypr 4 sERPgS el providedavigon phumgethatican gptace of
a bubble v [ : I nat i I | as a

Buf fer,  suchPEte MO TS St GRGEY gribl Gorbbion S BB BRI %560
may cdfpri sselestivabt defleor particledwhan the pewane ke adtivateddo] Asipnalr Cahatseipgbde not or,
provided with a plunger that .can_act upon the flowng |iquid, either

direct |y or PIFsgirg¥are senceiosinglude elpcirraagnstic petitorsgthepnepheumatic astyatgiss | ect

particl es whana hig pABEUREAkL BrdEhLYARe Y veyRESRAhe ACRI i bab! ©

pressure wave generators iInc ect gnetic actuato rmmopneumati c
actuat-ors apulymglheattpulses.s Fhebufferdiubble alveglidbriapositjoned po nbiuut tHegaedsuret he

s e et i g B Bl
gener atsor 26&%@@5@@/6?&&%&1&9&% DARABrin cbiifant s BidHTR A0 fhpBeOf the

particle strea The spri const ant he buffer 100b naybe varie
accor di ng t vatiddeacgardingiolthe partquiar xequintrgerdy by sanyingghe velups ofithe biffarhe buf f er

RIS RG TR AU MR R Y T
7) form ng tiekdesd b lGHRERRImbrane (reference 72 in Figure 7) forming the buffer chamber
70b.
20
Fig. 7 illustrates an embodiment of a valve 100 suitable for creating a pressure
pulse to separate particles of mterest from other particles in a stream of particles and/or
acting as a buffer for absorbing a pressure pulse according to the teachings of the present
invention. As shown, the valve 100 is formed adjacent to a side passage 24a or 24b
25 formed in a substrate which leads to the measurement duct 16. The side passage 24a
includes a fluid interface port 17 formed by an aperture in the side wall of the passage.
A sealed compression chamber 70 is positioned adjacent to the side passage 24a and
communicates with the side passage through the fluid interface port. The illustrative
chamber 70 is formed by a seal 71 and a flexible membrane 72. The carrier fluid in the
30 side passage 24a forms a meniscus 25 at the interface between the side passage and the
chamber. The actuator 26 depresses the flexible membrane to increase the pressure in

the chamber, which deflects the meniscus and causes a pressure pulse in the carrier fluid.
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70b. 20 Fig. 7 illustrates an enbodi nent of a valve 100 suitable for
creating a pressure pulse to separate particles of interest from other
particles in a streamof particles and/or acting as a buffer for absorbing
a pressure pul se according to the teachings of the present invention. As
shown, the valve 100 is forned adjacent to a side passage 24a or 24b 25

formed in a SUbSng@%%hWéﬁg?ﬂgﬁg%&ﬂ% id‘ﬁaﬁﬁé&ié b atfbiiIpiy Guct 50 oS! de

passage 24a includes a fl 'nterface p med Dy ‘an aperture in the
si de wal | oprovitingasseageof paticleatccht sootep e vellon adhstrntlet qgct 54 apd s istdomded

dj t to t ' 2 d i cat ith the sid
Cht ough t heo¥id e o B 28 Schead Homy Y RREBPES bt th ik Ao 5oR 3RS g by
a seal 71 amHe sortih@XidauR SRHMEBNEs 4 detediBesyabdih i19 Forl deHiifly pArticRE eRRrigh dR '

passage 24a forns a neniscus 25 at the interface between the side passage
and theé chsertieg mofinle ¥otia dheaupply diepd2eandhe epesationally bornentsdite amwitcly 40

I ncrease the pressure in the chanber il.ch, defl ec t nj,scu d
causes o pr BERTGaRE G Rapi e e PR GG o e s RRLSRGA
nodul e 50 hawd e secbndRRARA2A! I gilélID bin Be8lspSsd i@ Anidds @tindktith With tHeeam of
particles to be sorted as well as a first outlet duct 54 and a second

out | et duct ogldet dapk Heandghe ggsiond ovtdet deek 6y the particles sorted in the
sorting nodul e 50. The sorting nodul e 50 conprises a detector system 19 for
sensing particles entering the 5 sorting nodule 50 via the supply duct 52

can begoper ati ong@id. ¢ shows e phkidld DrivngSistet 5@ Daccoflingdtonn dichghtd &rabsdimient ed
switching capabilities to sort particles. The first _branch 22b and the

second br anehthgiavenfipg, gogiprisingaplpality efsesins madyles pQthet earbreonpd with t he

out | et duct | &B,e% , .duc i -ﬁ]&article
sorting sys%‘%é%b%'gg) a cgﬁgaﬁ)%gtc%ug%&%f@%r %%Its%ae légé%n%lﬁ?agg?g e I nvention,
conpri si ng. -empbditeent mysfcpﬁplsd) :rt jmgllegm’h& @ﬂleﬁftudth?ﬁ ofthe sblﬂhxgog@hgek St(lh aget her
in any appropriafe configuratjon r exanpl.e, modul es n i s
enbodi ment” a&*&l@t@m it FRaiBrheytiat 58 e sesenil obtieh et zﬁrﬁﬁmfpg@i Qi terprt
nmodul 50 . t | ' : tlet
duct s 6. ar & A P R L S ool YIS £l B

ar r angenent cahbigied sonigg mudiulees) havaigin evesalbs@timgfate oNBinmedhs sortingipterofiul e
50 having. aarlln ?n\éi(la\;l xllall scs> ] tgll‘[rllgdurléjl g(?, wolIeré\lI\It ils Hﬁasmltm eer% {)::.[n’laﬁg Cro?l;[leecté)c{ sorting

module 50.

20 Fig. 10 shows a particle sorting system 550 according to another embodiment,
-comprising a first sorting module 50a in series with a second sorting module 50b. The
second sorting module 50b may be equipped for sorting particles having a
predetermined characteristic the same or different than the predetermined characteristic
of the particles sorted by the first sorting module 50a. The particle stream enters the first

25 sorting module 50a through the supply duct 52 and may contain at-least two types of
particles. A first type of particle is sorted in the first sorting module 50a and exits
through the first outlet duct 54a. The remaining particles exit the first sorting module
50a through second outlet duct 56a and are introduced into the second sorting module
50b via the second supply duct 52b. From this stream of particles, particles having the

30 other predetermined characteristic are sorted and exit through the second outlet duct 54b
. Particles that posses neither of the two predetermined characteristics exit the second

sorting module 50b via the second outlet duct 56b. Those of ordinary skill will readily
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an individual sorting nodule 50, where Nis the nunber of parallel connected
sorting nodule 50. 20 Fig. 10 shows a particle sorting system 550 accordi ng
to anot her enbodi nent, conprising a first sorting nodule 50a in series with
a second sorting nodul e 50b. The second sorting nodule Sob nay be equi pped
for sorting particles having a predeterm ned characteristic the sane or

di fferent thaghgnbe RitQHe LGN ¢ 6NaraRg RSl I callfbetBEd, RAG khibbesoupRigt ed by
the first sorting nodul e 50a. e particle stream enters the first 25
sorting noduPgetbadn e NrGeRye! wags.sieppidingipon the desigdresplisont ai n at | east two
types of particles. Afirst type of particle is sorted in the first sorting
nodul e 50a and exits through the first outlet duct 54a. The renaining

particles exit ttEgiterstshows b higaromidull echiOmird for Gughhiechpet-lewtdnet seitay 56a
and are_introduced into the second sorting nodule 50b via the second supply

duct 52b. Fraseendmedo enotharsraodinent @%me Fvenan. (G isirated gub
Rer Chan " SpatiaLRat Bhuild Hr@lfe 3R G0 BP Corfifl b phiaf L putiicPREANG out et

char act eri ststreame i 4 fitsh etage agodgathqy tht patpoaddities Hdbstugaaddibers peirchings | et
duct 56b. Those of ordinary skill will readil ésta_ 16, recogni ze t hat any

sui t abl e tyﬁ@c‘iﬁd@bﬁoﬂ“%&gprﬁﬁ?fﬁloé thpoway of dhe Heshistags gAR P é“??@h?}ﬁé’éitlc ?so‘ﬁet her
in avariety W%Oﬂﬁﬁ’ﬁ? f&%ﬁlﬁ\?ﬁﬁl‘éﬂlﬁe fss ﬂtz{lﬁéﬁgﬁ%l d Qi EWS - a

hi er ar chi cal tecture roughp ow error sorting ccor di ng
to anoffer efackinneach ohamtehbelpges;mbte ofrmﬂmgmlec‘rddmunhliansfpatlelds perbodi nent

paral | o par ereRodaol hebht| Filliahs » elecionseiondo) e Retbe pailet bt 1 ne

first stage jaagifigPaRRidIhdHAe §preﬁ€féﬁﬂﬁ1%&¥haﬁr9&t%h&9: RAPE 8Rficlife fegfonCist put
of the first stage. An input streamof particles in “suspension 80 froma

particle i npﬂqr Sephmﬁbgrtheaﬁrildeﬂﬁmmg ﬁamr@leﬁmmgl@a@owmmfrcma}meﬂlsr 10 81

a-81n, each ¢ nel J,ng ca e, of .sort el ect ed r of particles
per second.P aﬁgcrclﬁs 2 e" K ‘”“8?£ 3 PB?fL‘éboé'edLengﬁ‘ﬂt%Hng Eegﬁl%%ﬂmﬁ%es& ni ni ng
the pansicl e&tﬁﬁ@treérﬂ@@ﬁpaiﬂélé\ﬁ aP8élbdted efirchaind A §ededr SERLEIMTISR/Aching
characteristic, and a swtching region 82 for separating the particles

havi ng the pregigaidhasadean tbhmeured particle charsatetipiécsct H@rdetmnmgl@s&} nlhehe -
stream as de L abov hi g, re n..82 out put
streans of pa?%ag?e%wags oélll 8% 3‘ éfi a%gée uaf‘%j g%‘i%g Or, reélmgr%%fé %its

SW tching  one stream to be sorted again in a secondary sorting channel 810. As shown, the

secondary sorting channel 810 repeats the sorting process of detecting and sorting based

20 on a predetermined characteristic.

Given that each single channel sorting process produces some error (y) rate (y is
a probability less than one of a particle being “selected” by mistake) of mistaken
selections, the hierarchical architecture produces an lower error rate of y* for a 2-stage
25 hierarchy as drawn or y" for an n-stage hierarchy. For example, if the single channel

error rate is 1% the 2-stage error rate is 0.01% or one part in 10*.

Alternatively, the architecture could have M primary sets of N sorting channels
per seéondary channel. Given that the application wants to capture particles that have a
30 presence in the input at rate z and single channel sorters have a maximum sorting rate x
particles per second. The system throughput is M*N*x in particles per second. The
number of particles aggregated in N channels per second is N*x*z and so N*z must be

less than 1 so that all particles aggregated from N chaunnels can be sorted by a single
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region 82 based on the neasured particle characteristi-cs at the detection
region 84. The "selected" streans from each channel are aggregated in an
aggregation region 86 into one streamto be sorted again in a secondary
sorting channel 810. As shown, the secondary sorting channel 810 repeats
the sorting process of detecting and sorting based 20 on a predeterm ned

charact eri stigecofdatebhdniall TRARBeatd WidghPR W86V R I did rﬁﬁs@ﬁ&éfarﬂﬂél%‘r'&fp% sone
error (y) rate (y i's a probability IeSs than one of a particle being

"sel ect ed" byofN primas) + dfsepdrsienkehannels| yeral Abroughput hesy eomssifiom M*N*x with
architecture o n_lgwer error rate of y2 for a 2-stage 25 hierarchy
as drawn or yM§%%% -S (gla'e hi erarchy. For exanple, if the single channel
error rate is 1 %the 2-stage error rate is 0.01 % or oOne part in 104.
Alternatively, the_ architecture could have Mprimary sets of N sortin

channel s5 per secofiguioyl2shawrrcparallghsenalimagticle sprtipg pystern 69 AcaRading ta aradlgst ur e

a5 kR 35 BOBRRNC bl O ol 1l B ke

t hr oughput i sfil¥¥ péirallé] Boftink inheduls 1 PEindsee066d paralel sottifipanodiiie Pel.t Thd Bt
aggregated in N ,channels per second is Nx*z and so Nz nust be _less than I

so that all p%wm&méuladgfég@péiadm BHtRle mared particles apd pediclesdapingdodl) ngl e
- 17 secondar ymﬁlti@&rh(f‘%\lso e%du@%&é@%/eggﬁﬂﬁ’&lr’@%%@ﬁ?}é e&/é’s one nust add
of primary + secondary chan

paral |l el groups nels. erall throughput
then coi®s from MN*x with M secondary channels. 5 Figure 12 show a

paral l el -serial pagticle sorting, system 16Q according to anotper__ epbodi nent
of the invention. al%"ﬂérep]ér & [angthex paralichsenal partidde ?‘?‘%ﬂg§¥ﬁ§?‘%ﬁ?§66h‘?%udes a
first parall ' F&QM ' ule 162.
The first so atr?l%yr)r@gﬁ e 1([)5‘;17']12515 8%%%52’3‘%? %%ﬁ%ﬂﬂsﬁ%ﬁgﬁ%ggﬁﬁges and
parti cl es -havpartjiclbofrbm thedifferent ehsnrebrand donvtysdhelpaticlee hadng thedirstmarker exi t

channel 165. 10 Fiqur 3 .shows th aral l.el -serjal .particle sorti
cyetem 170 TiEeniss Erart il (AT oRBtestictes ek bt Aispatrapule
having asfirs§origpl #efor sEHin%gﬁh?clésrlﬁwi:%ai debShEDafie®Mhé Bﬁ-u@!eE henigtheGRade! s
and conveys the particles ving the first marker through the first exit
channel- 175. matkepatesollpeied and emveayasl thimgh fasdcind exitee Ado.pBarticles having
neither the first marker nor the second marker are conveyed through a third exit channel

177.

20 According to one embodiment of the invention, shown in Figures 14a and 14b,
the particle sorting system may include sensors for measuring velocity, location and/or
size of particles. The measurement of velocity, location and/or size may be made
simultaneously with classification of the particles for sorting or at a different time. In
paraliel channel based systems, as shown in Figure 11, the different channels may have

25 different flow resistances, causing the velocity of the particles or cells in each channel to
be different. In systems where the detection region 84 is separated from the switching
region 82 by a distance L, the velocity of the particles in the channel] 81 must be known
in order fo set the switching time delay T (i.e., the time to delay switch actuation relative
to the moment of detection of a target particle).

30

In most optical systems for detecting cells or particles, the region in which the
cell creates light on the photo detector in the detection region will have a much greater

size than the size of a cell diameter. Therefore, when light is detected in the detection
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15 sorter 172 for sorting particles having a second-marker. The particles

havi ng the second marker are collected and conveyed through a second exit
channel 176. Particles having neither the first nmarker nor the second

mar ker are conveyed through a third exit channel 177. 20 According to one
enbodi nent of the invention, shown in Figures 14a and 14b, the particle

sorting systep i - g@g ' -Qe] ' / or
size of par t@%oﬁefﬁgwggﬁm%% ut(')ﬁ{ Ve ogﬁlblfqg ggﬁ%’ﬁégﬁ){gﬁﬁgﬁﬁgﬁeﬁ ?rtgy be
made si mul tlavsousifyhededlh T prosideinn@at hosurat deteetiqugmbanylpaseld of ansgptiching or  at
a different fine. In aral l el chapnel based systens, as.,shown.in Figqure 11
the differe ﬂ%ﬁﬁ%ﬁ‘*ﬁ%ﬁ\%@é@%@éﬂﬁ&?ff’@}‘)é‘ﬁﬁglf’ odt i“éoeléfﬁlaf’é@,a lﬁ%ﬂ’%g t he
velocity of fheehAdfddosdfisy QfnrsR diStbhiceach channel to be different. In
systens where tﬁ@ﬁ%eteégéznppegion 84cis separated fromthe swtching
region 82 by a distance L, the velocity of the particles in the channel 81

‘must be known in,order to s he swi.t chin ime. delay T (i.e,, th ime to
ol ay swi & oh act (ATIOBTRE & 23 Hinstafes EHisaRBRE: AL Uiy gty P fPYsel inapa 4
particle). 3@ ﬁemﬁt@ﬂie&e?éctﬁﬁsé%ﬁwtofﬁﬁvﬁetas&&ategreroﬁi det@btidialy i cl es, the
region in which the cell creates Tight on the photo detector in the

det ecti on r edsipositing k[‘maskisg patieroh digecthytagrthe soring chipn Fheanasking paftems can be
di aneter. Théeref. re, en Li httis dgjﬁec%& [
the cell may"Be"! graniedey Hthe MASERE B

d i.n_the tectjon_.-18 reqion,
_ GirE EhiRm G ieESab bR 05 < o RESPRE. | ne
exact 1pocatwih ciirert h&hﬁ@ﬂokr) EPative @Y iR elIR6RIng GEtHatr Sed6h BZIA SiigleBp¢alPi Xel s
of an optical detector could be packed across the detection region, but

this woul d histecter datchine lighd froma the ceB uthedletestion egiauppwill seslight when ths. 5
A ding t il ti i pRNL- he. i i ' k
e oy e e HERER' P aFORBA oFER R pAE et AP pBEbARe

det ecti on byopadeppatd hags df KNGl knaivndemth divee atnheasemichitofSeldditgg chi p.
The maski ng patterns can be deposited so that an edge in the masking
pattern is precisely located (to < lumprecision 10 with current technol ogy)

B S L L ok
t he lum steps results in only bars of size larger than the cell minimizing the signal from the
cell. Therefore, such a pattern can also be used to measure the size of the cell
imdependently of its signal. Such a ‘gradient mask™ also produces a pattern in the optical
detector that can be analyzed to measure velocity several times for reducing the variance
20 in the velocity estimate. The pattern in the light induced by the mask 140 also allows
the detector to identify each edge in the mask 140. If the bars 141 were all the same, the
light signal for each bar would be the same, and one could only tell them apart by
sequence. Therefore, a gradient mask pattern will allow a single detector looking at a
broad region (several times the size of a cell) to measure the velocity of the cell, measure
25 the exact position inside the detection region 84 with about 1um precision relative to the
channel structures and the actuator location on chip and identify the size of the cell to
precision given by the gradient pattern. The gradient mask 140 allows the detector to
measure these parameters independent of the magnification of the optical system or the

nature of the optical detector itself.
30
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cell is not masked. The duration of the Iight being turned off by one of the
connected opaque parts "bars" of the mask of known |l ength gives a
measurenent of velocity. 15 A mask pattern that has several bars 141 of size
ranging fromlOumto 30umin lumsteps results in only bars of size |arger
than the cell mnimzing the signal fromthe cell. Therefore, such a

pattern can al SO O 458l nAhdBOKAI focbfifizé iaCotibr ddccs Fol measidiapanaens | y of
its signal. Such a " gradient mask" also produces a pattern in the optical

det ect or t halosKigR ad orMelpyipeel 4 pAThels i the SPRINEEYFiymsigAseariangebth fsr 1 educi ng

th t d
by tho. maok TAgige o M HEcioh; bufht BRlifes oFE ool hFAi bl brkt Wioh G g 020,
140. If the ddinarylskill sctheart! | the same, the light signal for each bar woul d

be the sane, and one could only tell themapart by sequence. Therefore, a
gr adi en? mask pattern will allow a single det ector | ooking at a broad

region (several tARRRLDE, Siotfr bRl b TFRRMEE ] 8 16 HELER il e

cell, nmeasure 25t exact position Insi ecti’on tegion
about | um pysehséoniprised af arvey 80m0tdj|‘ aon-ddentinall sostmgnitannds Eheludehel aqmaraibe or

| ocation on chip and jdentify | ze f the cel eci sion _given by

t he gradi entZFHtCBPRSIERSCHES Ilé’ﬁtl ?‘WE Stlﬁé‘ggé{‘ Lopgre &f g‘”eﬂ%‘&sur e
t hese para I y or
the. nature S ppaay B ol osfer ARY sﬁéfﬂ?’*‘% 9 9gRal ot ity Rhey |

wi | ré@ognithe veloaity mﬁﬂaehclde&anct&sacémteigemsﬂd tlg:ctliaands denot yequire & imednd or

locity of r th d
! eachi ngs. of SHRESYE b drtectsn dtanrabet A ehiaton PEAGT TG RANTIeEER BERE known
to those of haQErEEtH@ﬂé‘teé’thlbfo tegp{th%e?éfae & B&ré&‘tﬁé‘@ﬁaﬁﬁ&l SO thent

shown in Figure 15, the par e sorting ézs em conpri ses an array 8000 of
non-i dent i cadlstgmethh@twmadeﬂestor%@ldrgwh pathaishage ofdhe pathbetisendhang a

series of no@eéecgcg |agaﬂbsor£g]|rgzg neI S _10a 810r1 IS nore _effrcr ent in

terms of spa adaptation to optimal external
actuat gs. Since 10 the velocity of partrcl es can be accurately sensed, the

channel s do not rggu k8in leflhé‘a?%r &aeh %vé]@ﬁ%‘tﬁ%?ti&ﬂ?ﬂﬂﬁﬁﬁﬁéﬁ @Rectéd @ property
and actuation of a switch to deflect a par
perpendicular to the chip, the laser is required to illuminate an-area defined by: (number
of channels)X{(channel width at detection region)+(inter channel spacing C)) (See
Figure 15). However, the active area where light can be absorbed to create fluorescence
20 is only the area of the channels: (ntlmber of channels)X(channel width), which leaves a
fill factor of: (channel width)/(channel width + C). The fill factor is preferably close to

100% to avoid wasting available input light.

Therefore, minimizing the interchannel spacing in a parallel sorting system is
25 important to the optical detection region and optical system efficiency. In the variable
atray design of the present invention, shown in Figure 16, the spacing of the channels in
the detection region 84 approaches the width of the channels, so that light utilization
approaches about 50 %. The channel spacing in the actuation region 82 may be larger,
as shown in Figure 16. The location of actuators26 along the channel may also be varied

30 to make a larger available radius for external driver actuators.
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havi ng the detected property. Therefore, certain paraneters of the channel,
such as the distance L between a detector 84 and a switch 82 or the shape
of the path between the detector 84 and the switch 82 can be varied. 15
Using a single | aser for each wavel ength optical illumnation directed
perpendicular to the chip, the laser is required to illum nate an area

defined by: (numyee va@ible hany by ey 688 Mfldewheindealin eleQ6d Eitinels for
regi on) +(i nter channel spacing g}l) (See Figure 15). However, the active

area wher e bplga¢ing awyesigianesnsiod gl ke chapaglese thabgiver 8 sewsta® PressWAKOM he ar ea

of the chan , | kﬁg [ a fill
factor of. ? ‘gljﬁgsnﬁgfyév%ﬂ %E‘}]e?s}tb g ﬁgf%ﬁlglle%mfﬁa?ﬂ@lg?%e e§’mél't(ih\é?'a§p%gre %la}sm%r ef erably
close to 1084éd <thayapstrewmsiidognstvainl afihe illuspated|siygtbin, 1.d.hex Bifthé fegion ni m zi ng
t he interchannel spacing in a parallel so temis 25 inportant to

rting _sys

the optd cal befess fheeteciers and artuaters: Asthe %@rﬁ%ﬂ“{eépéﬁ@y?hapﬁeltﬁf?twpp abl e
array desig I ' ' S | of
The ehannel gt SFmERERkds KPR Gn SR el B feat e AR Rl
channel s, sockbby al thgbimetiie a2 dlid determagpgtionaefadinglychith piitibtes Thiecep paowidds
spacing in the actuation region 82 may be larger, as shown in Figure 16.
The IocatioI“In&J‘?‘I”’é{’é’ﬁgSl‘F1 FUYBE 8YSHHG t he channel nay al so be varied 30 to make
a larger available radius for external driver actuators. -20 The variable
array 8000 may al so i nclude neanders in selected channels for bal ancing

f1 ow rHxi st ances Fogurall¥ ilfusgatech apasice sotingdaystegn Vel sccomingg @ntet gnatlsgur e dr op

Il th h t.h el ogjti f ticl I .ched.
These: can betoafiiant of traramice: Shrpancloantiabiimor Ot its R oy st em
e on i N sbiighRe 150PebUARR ARl CTho @R d 700 AR i bt icfbnl eNgt hs

|

Li between each channel's detection region 821 and its actuator 26i is
known from tIf&0 Sesngeducingsamplesie eabrrortofg mhdulpand adetectiyetegiont 2@ for he sane

time as the _determ nati.gn r.egardi ng whi c rticles to kee rQwhde an
o oved comoas U RriReR S Aot of pRRElG Spl o SRp R 1202 98 e, 1
syst emsl700 deretstitegibnt Thy S¥stéh alsh Siclu®FAQUIRE Régioh 17318 mdhyd it hdfbtuatbicin
particle sorting system 1700 includes a plurality of sorting nodules 1701

operating i gagesostingmodylgdonseparating pticien biviag 8 pasetgimincd chgragigristic from
particles that do not have the predetermined characteristic. As shown, in the
embodiment of Figure 17, the sorting channels 1702 distance between each sorting
channel in the detection region 1720 is less than the inter-channel distance in the switch
20 region 1730. The close spacing in the detection region enables cost saving when a laser
is used to detect the particles, while the more distant separation in the switch region

1730 accommeodates various sized actuators.

The particle sorting system 1700 may also include a secondary sorting module

25 1740 for repeating the sorting process of detecting and sorting based on a predetermined
characteristic to increase the accuracy of the sorting process. According to one
embodiment, the system may include an enrichment region 1750 between the array of
primary sorting modules 1701 and the secondary sorting module 1740 for transitioning
the particles from the primary sorting process to the secondary sorting process.

30 According to an illustrative embodiment, the enrichment region 1750 transitions the
particles by removing excess carrier fluid from the particles before passing the particles
to the secondary sorting module 1740. The enrichment region 1750 may also include a
hydration device for adding secondary sheet fluid to the particles after enrichment. The
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1710 for introducing sanples to each sorting nodul e.and a detection region
1720 for neasuring a predeterm ned characteristic of particles each sorting
channel 1702 in the 15 detection region. The systemal so includes a switch
region 1730, including an actuator in each sorting nodule for separating
particles having a predeterm ned characteristic from particles that do not

have t he prgﬂ%ﬁ{ i [ StlC. A ol I 0
Figure 17, the soﬂ%@%ﬁ%ﬁédﬁ%&&@ﬁﬁ es'%%g%@gg%ﬁ§03é annel
i n the det ectiidmmeneghanellifRsdcting deoutlbiochahie 1708 and e hamitrhnedeptatingtien t he
switch 20 regjon, 173 The cl gse s ing in the detection regi enabl es
cost saving® ﬁh%rmlegéem tﬁF §%§W‘Fgﬁﬂ@g]ec€xqeﬁ%cﬁ?ﬁ el égsr,e“W%P‘EB'of”ntgennr e

di stant sepghéin Ofseldiidd Far§iled Bhné 6Qi& BharhéB V7ECHRUPAIR SEmbRink AHS irtb 2 €d
actuators. The particle sorting system 1700 may al s i nclude a secondary
sorti ndg nodthesnrighmémahahms befopepassing thheeleted partjclps mtethe sefondetyewottingg and
sorting based O@e‘? Bredeterm ned characteristic to increase the accuracy of
the sorti ngmg?ldB 89 Accor di ng to one enbodiment, the system may include an
enrichnment region 1750 between the array of primary sorting nodules 1701

and the secondary sorting nodule 1740 for transitioning the particles from
the primary sort Bnigblecystemtfor fdrmingthe suaehymernd region isplesedsd in BOS. Ratent di ng
to an il lustrat.ive i e I, G t region. 1750 transitions.the
par 1 cl es. bFPLIROPAURa e dOLZ I8, ettt T FrsrERS s RFER Rl SarbPiit ooi ng
the pargticl @pa MigroflRliS S¢RaHR e At 8f WRidH aCe Aeréid. inddiorattiibgteRAIncE €91 ONn
1750 may al so include a hydration device for adding secondary sheet fluid
to the particles after enrichnment. The -21 enrichnent region 1750 may
conprise a nmenbragne inser 4Nt q.out l.et.. I -1 Ak | nt
channel intersec |C§%ﬂdﬂ$gt Ogﬁﬁﬂe &%hv%ner%q(’dir%%gpg%5‘3%3‘?%%&%23%&@%%%?a ing the

out | et chanpglycled and fdicbLR inte heilet of thetRimarlxbagRlsC & Fdctlidgd dhadindl®rr enoved
fromthe stream of selected particles in _the outlet channel 1703 through

t he menbr an8thehdevich Hay commeckibheicaRshment eegipmEn the prgesy ghasselig allpw reasect ed
parti S i t he. I | . le 1 I fLar
D i 7% o O fhelcaftic? SRN B2 oidr BinB BidYets. A fitnaty el Aol iRy
Nunber 10/ 328né&4 fromntéjedtatipartioies enbintratiiaxd info th prinfahudininnelGoispgrionte 10

in a Mcrofl uidic stent, the contents of which are herein incorporated b
ref er ence dl%carding ere?ectcd pargcles. P y

The particle sorting system of the present invention has a variety of applications
20 in the microfiuidic art. According fo one application, the particle sorting system may be
implemented in a drug screening system, as shown in Figure 18. As shown in Figure 18,
a drug screening system 140 includes a particle sorting module 10 for identifying and
separating target cells from a sample containing the target cells. The sample containing
the target cells is introduced to the screening system through an input channel and passes
25 to the particle sorting module, which separates the target cells from the rest of the
sample and passes the target cell to a mixing and incubation region 141. Test
compounds are introduced to the mixing and incubation region 141 through a test
channell 142 and contact the target cells provided from the particle sorting subsystem 10.
The effect of the test compound on the target cells is then detected in a detection region

36 145.
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According to the illustrative enbodi nent, the renoved carrier fluid may be
recycled and fed back into the inlet of the primary channels. A recycling
channel or other device nay connect the enrichnent region to the prinmary
channel to allow re-use 15 of the carrier fluid for subsequent sorting
process. Alternatively, the carrier fluid nmay be renoved fromrejected
particles and in | th | | o0 X r

di scardi ng the rter}i%g‘?@%%‘é?{@éﬁ%s?‘%%‘%g%é?ﬁ ?'glq‘gﬁlstg?’p %%lté:&ss@gf%e)%) %ngytb Re
present i nvesdd with haarietywdtypes v giarkepd| Tieadrag 8&reedfe bysténh enabilesnatlodi di c art.
According to one application, the particle sarting.system nay_be .

i npl ement ed MaRkeEs Hwagellg% measHT A eBhA thegeiixdy Oh 8 fRACLie mwe&%@by,@ogfm in
Figure 18, g df R nfd BR0HRY sRYiiRiyd #hc kLIRS RishAh! Thb I dul e
10 for identsiéafrf}li ng an sespar at’li ng t)ér get ce#?géfr{)sm a sanp é:or‘??gllgm)ng t he
t ar get Xel | sysifthalsoanpbles venifanarkerg that hdow anegstreneht of thesconeentoationed ahp t he

screeni ng system through an,input channel apd .passes. 25 to the partijcle
Sorting moddiEe %W%&B%FF@{%‘&PW%TQFG& }@@PB@SH@&@WH%Y%& quige
sanpl e and paaRSs thie oh@g o eQfhlirei Refls Fﬂzﬁ%sf‘@?o?@iﬁn&ﬁ&,%ﬁ_&ﬂl@ﬂua&@&é ﬁi&hid%,l-

Test conpounds are intr ed to the Xi ng and cubation region 1
t hrough a t &starecbhhlimekd 1o 2¢lh gt fase magidrs tsnch ananjbiodice bhd raeombindatidisplayn t he

ticl ti bsyst . _The effect of th t. comgoynd.on. th
Dar get cel | SePBoIPRIR B ALt T e B YOE Eh P P PSR M S St
i1 ustrat i veifHinMdcorpRRas Racs ¥SC MMt dtedddtt PRE (ehS, Bt B! addbigRy be

used with a variety of types of nmarkers. The drug screening system enabl es
use of mar keniesdent engymesuhsizatemarkers: Inflluptgenistangyme séfstrategparkesi ¢ enzyne,

thereby allgwing. a, search for nodulators of .the, pat t hat, the enzyne

exi st i n. - Thepdwls SR 6EN Hf aCBONBHTET Bt Bra I BrmB et Tha

al | ow nmeasurReBRter§ Ek@pks BRBIdIR} Atihoddetadyhydedt BACEA | fot ALDH enzymes,

nmessenger/signal and markers to i entlf%[ )sP%emflc cell types, particularly
oF

rare (less (Griacthahmahediifnh phesphats) psbatasesand Riydrorhodamine B e

mar ker inCltHﬂféi o] LJ7 I such as
anti bodi es an rl&%ﬁﬂ&sﬁéﬁ?&d}%t%{eﬂ%&ﬁ@ée%%ﬁgﬁ g%ef%%vﬁ%%q%{zﬁﬂ lggh?eldu%lr ogeni c
enzyne substiah®isrdtikeinstant intvémioalihathdy, Iis bigRlamid&chit eazyngy: abepas ndskersuch as

Cam bi ndi ng fluorescent dyes (Fura-3, Indq-1), and bio- |-um nescent. enzyne
substrat e mgPR@PYNds|ehter calls Fyleiniezack Wil Facdlip Litrse i lprsnggnes generate light

directly. Often this technology can be tied to reporter genes to observe gene activation.

- Examples include D-Luciferin and associated reporter genes, as well as DMNPE and

20 associated reporter genes.

In the illustrative application, any number of different compounds may be
screened for their effects on a variety of chemical and biochemical systems. For
example, compounds may be screened for effects in blocking, slowing or otherwise

25 inhibiting key events associated with biochemical systems whose effect is undesirable.
For example, test compounds may be screened for their ability to block systems that are
responsible, at least in part, for the onset of disease or for the occurrence of particular
symptoms of diseases, including, e.g., hereditgry diseases, cancer, bacterial or viral
infections and the like. Compounds which show promising results in these screening

30 assay methods can then be subjected to further testing to identify effective

pharmacological agents for the treatment of disease or symptoms of a disease.
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conpounds enter cells and are converted by specific intracellular enzynes to
be fluorescent. Exanples are Bodi py am noacet al dehyde or BAAA for ALDH
enzymes, MJP (4-nethylunbelliferyl phosphate) for Phosphatases and

Di hydr or hodam ne 123 15 for cell Redox systens. O her exanpl es of
fluorescent dyes that can be used in nethods of the instant invention

e, 100 o SR RGP PR o PR e, 7o

and interact wt ar enzynhes gener

Often this beeheatiogmdaesbibéhdmiedl syQeme phbtefungEoe s Helietdise helesjeibte,
activation. Exanples include D Luciferin and associated reporter genes, as
wel | as DIVNPE-dnErmegly exisdigsdsfigiangiesigranaficglenes. In the illustrative
application, any nunber of different conpounds nay be screened for their
effects on a variety of chem cal and biochem cal systens. For exanple,
conpoursds may beTheiention fnay beutalibdsdlae bireckilng,e., conpriomgdessthhdned ¥-se 25

inhibiting key events assqciated with_biQqchem cal sysiens Qse effect is
% B it ey

undesi r abl e 17 ¢ighe mpytsangple) for & vaushy of ApRlicatgnS, sudiise B dipt teicellapi ity

Lo block SYsinfhnididh, AifraFafand) M eclladsfRBbn bl cBR mddficaif Onset of
di sease or for the occurrence of particular synptofs of di seases,
i ncl udi ng, dolipwedigrrenplantyticli sreemeplanaioseThe bevehion ahy also be usdd toiisdlatet | ons

and the |ike. Conpounds i ch show prom si. esults in these screening 30
assay nmet ho&?‘%ﬁgﬁf H’e?‘nsaééﬂgglﬁdzﬁ?léﬁe‘ﬁ%tq‘fﬁ?‘l?"%‘éfﬁtr?@%"tepﬁg to identify effective
phar magpl ogi cal agents for the treatment of disease or synptons of a

di sease. -23 Alternatively, conpounds can be screened for their ability to
stinmul at e, enhand&e imrentiommawbs stilinditoscizen comppeads ayineary celloder f uncti on

is believed to he desirahble, .e.qg., to renedy.existing, deficiencies in a
pati ont -5 THEPTRERDRAN rreys BEickers B COeHiE ol Do PRGBSk i ng
less than. & lides?01Qe ihWiition Ritly a3 Rkd tPécréenVdmpRionddn Affdrfeededl Aitfes, SUCh
as, but not limted to: cell reinplantation, cell transplantation and cell

t ransf ect i oiwhere lggsrtban 0G0 of theasllilion exprghdes Heedcasect genep farthesaresming

| ion. L i | b d i .sol ells i
St oL or - BRI e SR PRy A of plfeEi R SRRt ol el s "
utilized tocelCERRe stased) tsiample, Sirédiig/orcdlisSonly A the replication phase.

The present invention has been described relative to an illustrative embodiment.
Since certain changes may be made in the above constructions withouit departing from
20 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
25 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.
Having described the invention, what is claimed as new and protected by

Letters Patent is:
30
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exanpl e, taking 1011 cells by apheresis and screening on any sub popul ati on,
rather than cell lines. The invention nay al so be used to screen conpounds
on inperfect cell lines, where |ess than 100% of the cell |ine expresses
the correct genes for the screening 15 program The invention may al so be
utilized to screen conpounds on cells at specific cell-cycle stages, for
exanpl e, screening on cells only in the replication phase. The present

i nvention has been described relative to an illustrative enbodi nent. Since
certain changes may be nade in the gpguggconstructions wthout departing
from 20 the scope of the inventiom Tt Ts intended that all matter
contained in the above description or shown in the acconpanyi ng drawi ngs be
interpreted as,illustrative and not, .in limitin ense.. It is also to be
under St odd t hafe el ot Supripiaviap o vells Fgus el Forytign pungag 25
specific;ﬁ@ﬂﬁMkﬁﬁmmkohh@ckmme@bmﬁngﬂgscribed herein, and all statenents of
the scope of the invention which, as a matter of |anguage, m ght be said to
fall therebet iisaHIvinggalls ghag baverd destied phenpiypefpManopwlslien jnsa Biddiiged as new
and protected; : : S : of isolating
a subpopul at i c')gnbyact#lbgélhl%éﬁsf E%Irrh%gﬁscﬂg?[l d“gg’éﬂ%%tt%%ﬂsﬁ R%engéfprgnﬁ%:l? g? | uidic cell
sorting deefofleidcoemblrsoginggievicdenti fying cells that have a desired phenotype
froma population ip a mxtune, .isolatin aid cells.fromegells that do not
nave ¢ o des, PestsBs B Plsd s baying s K plfeoe o ik A febble.

passi ng trbgon sHthatkfictoflgidicscellautting detice;dagi red phenotype to a mixing and

i ncubation region of the mcrofluidic cell sorting device; and introducing
a test conpour@radycinga teft seTRRPUREdO thecrippgiapd inceBItoR region. The net hod of cl ai m
1, further conprising the step of: detecting the effect of the test conpound
on the isolated cells having the desired phenotype in a detection region of
t he micr @ | ui dihe nethdd cfolaimigfidther caprBingThesteppofaiod of claim | wherein the

step of isol atdletre]:gtinsgathg e&gc!t lo? the Tesr Eén%&osunh r(])rei\ tf?et iSolated cells having the desired

phenotype in a detection region of the microfluidic cell sorting device.

3. The method of claim 1 wherein the step of isolating said cells comprises the steps
of:
conveying the mixture including cells having the desired phenotype and
cells that do not have the desired phenotype through a sorting channel of the
microfluidic cell sorting device, and
using an actuator in the microfluidic cell sorting device to apply a pressure
pulse to a cell having the desired phenotype to deflect the cell having the desired
phenotype into a first outlet of the sorting channel, while cells not having the

desired phenotype flow into a second outlet of the sorting channel.

4, The method of claim 3, further comprising the step of:

absorbing the pressure pulse in the sorting channel using a buffer.
5. A method of isolating a subpopulation of cells in a mixture comprising,

identifying a subpopulation of cells in the mixture displaying a cell cycle stage

specific marker;
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of : conveying the m xture including cells having the desired phenotype and
cells that do not have the desired phenotype through a sorting channel of
the mcrofluidic cell sorting device, and using an actuator in the
mcrofluidic cell sorting device to apply a pressure pulse to a cell having
t he desired phenotype to deflect the cell having the desired phenotype into
a first outlet of the sorting channel, while cells not having the desired
phenotype flow into a second outlet of the sorting channel. 4. The method of

claim3, furthe[atl gqﬁdsu ?¥%$&]§&% sum%%§§3%§9w§ psm% sure pul se in the

sorting channél”™ & |ng populatlon of

cells in a m phyying sﬁﬂrﬁnbp@iumﬂon of cklatifat yterig th ﬁmbrphmloathmn@&cleaii s in the

m xture displaying a cell cyc sta specific garker -25 isolating said
ﬁ% IRy idied

subpopul &iFEA aBd incupation Gegi el soting devics g device;  passi ng

sai d subpopul §itoalciff a 68t teinfdAl tRhE nlikink Bfd SRIBtBAZSEMT the cell cycle to
a mxing and incubation region in the mcrofluidic cell sorting device; and

i ntroducing a test conpound to the ﬁlXIng and incubation region. 6. The

ot hod Ol ©1 21 B8 Sl D6 SROled SOLANINLLAAL A sPRRRY R on of cells

conprlses "t he conve aV|ng t he
desired mhmpﬂﬁxﬂenmﬂdocells that do not have the deS|red phenot ype t hrough
a sorting channel of the mcrofluidic cell sorting deV|ce

actuat or in tREVSYOELRS mixgie "tcétrqlngstﬁ“ﬁm\gnett\? degired phgpeiyge an r?F’e%g‘ﬁtre pul se
to a celljohgvihdig tﬁmsf#@oe]meﬁgtysbﬁﬁ&tg?mesohﬁtgctﬁttle%fth@elaehtldM%llng the

desired phenotype into a first outlet of the sorting channel while cells
not haV|ﬁgﬂmEéede%|red phenotype flow into a second outlet of the sorting

channel, and ab%g iacg atE)I‘hi%t resc%) u1ti119léc|=,l? ortl géev ﬁeﬁg % ?esgiﬂ'Q%PlhéISi ng a

buffer, therell)‘Sl I'ng a popu atton cel e sane
phase of t¢ heelbl&lvlmg thy désired phenotype to deflect the cell having the des1red phenotype
into a first outlet of the sorting channel while cells not having the desired phenotype flow
into a second outlet of the sorting channel, and
absorbing the pressure pulse in the sorting channel using a buffer,

thereby isolating a subpopulation of cells that are in the same phase of the cell

cycle.

7. A method of isolating a subpopulation of cells from a cell population using a
system comprising;

identifying cells from a population that have a desired phenotype;

measuring a velocity of a cell having the desired phenotype; and

isolating said cells from cells that do not have the desired phenotype using the
microfluidic cell sorting device based on the steps of identifying cells having the desired

phenotype and the measuring the velocity.

8. A method of isolating a subpopulation of cells from a cell population in a mixture
using a microfluidic cell sorting device comprising the steps of:

conveying a mixture including cells having a desired phenotype and cells that do
not have the desired phenotype through a sorting channel of the microfluidic cell sorting

device;
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7. A nethod of isolating a subpopulation of cells froma cell population
using a systemconprising; identifying cells froma popul ation that have a
desired phenotype; neasuring a velocity of a cell having the desired
phenotype; and isolating said cells fromcells that do not have the desired
phenotype using the mcrofluidic cell sorting device based on the steps of
identifying cells having the desired phenotype and the neasuring the
velocity. 8. A nethod of isolating a subpopulation of cells froma cel

popul ati on i N, UGS i ﬁlaﬁb%f’éé dlk“uf’ih% n‘ﬁ% uqufﬁQ{ HavOg dgé?lyedce conpri si ng

the steps of. conve ing a nl Bré Tne ng c avi ng esi red phenotype
and cells thaphﬂmumnnmdhave t he deS|red phenotype through a sorting channe
of the mcrofluidic eII .S 26 |dent| cells froma
populat Fon of Vb wEaqiieieni H mtdhb i A sos i atvreds PedFL BRBRSpe. and usi ng
an act uaffginet by el dfiaf imblsedtidh GeRleh a Sk ChatGeMig\Cofndnatieh WG thed Meni scus
formed by fluid at an intersection between a side channel in comrunication

wi t h t hesorsiag ehangelamd arierled phpmbes pegitianed pdingsat toghe pide ehpaseldgjoplEat to t he
si de Cha@ﬂ:‘ﬂu dgl]gl Blayce ha9m e@uﬁgﬁh%ﬁ ngee fS?)I gét tﬁ%ﬁéérl]lg&v}ngqhéj@e%lréc?d

phenotyp ect the ce avi Into a first
out | et oﬁ)hedwpsomtbiarfgstmluaMthe/mm@ ahehied whde cd:itsmongammpthdelsmredd phenot ype

flowinto a d outlet o rtin han her i sol ating said
Corl's "t PadioDER TR RiRa ShoflotloRRt e SRR iehu Fh RN esilsdl:

m cr of | vifhCcefi® tlat 8@ hét Hale BR\deSifad ph%notma;si@tm;irmlll@il:@em&mg\b@ﬁ&i n the
cells having the desired phenotype are cells to be used in transplantation.

10. The method of claim8, wherein the cells having the desired phenotype
are cellg to Thgm%%a%mlnw WRdkihlt eu}i‘lavn %ﬁl r&%&ﬂe‘a%h%otgéeadémt:ﬁrs b ur ther

conprising the ste measuring a ve ocity cel’l e desired
phenotypéeu&ﬂlnﬁhmmhmnhmd of cIa|n18 further conprising the step of
genetically nodifying the cells having the desired phenotype.

10.  The method of claim 8, wherein the cells having the desired phenotype are cells to

be genetically modified.

11.  The method of claim 8, further comprising the step of measuring a velocity of a

cell having the desired phenotype.

12.  The method of claim 8, further comprising the step of genetically modifying the
cells having the desired phenotype.

13.  The method of claim 12, further comprising the step of transplanting the isolated

cells containing the desired phenotype.

14. A method of isolating and modifying a subpopulation of cells from a cell
population using a microfluidic cell sorting system comprising the steps of:
identifying cells from a population that have a desired phenotype;
isolating said cells from cells that do not have the desired phenotype using the
microfluidic cell sorting device;

genetically modifying the isolated cells; and
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13. The method of claim 12, further conprising the step of transplanting the
isolated cells containing the desired phenotype. 14. A nethod of isolating
and nodi fying a subpopul ation of cells froma cell population using a
mcrofluidic cell sorting systemconprising the steps of identifying cells
froma popul ation that have a desired phenotype; isolating said cells from
cells that do not have the desired phenotype using the mcrofluidic cel
sorting device; genetically nodifying the isolated cells; and -27

rei npl anti ng I { £ a subject. 15. A

met hod of isomﬁngﬁg (ﬁg%lg% gtgl ﬁkh?ﬁ@er?{?dgﬁ?dnmfe% etgture conprising the
steps of: conveylng a mxture including cells having a plurality of

sel ected rke ce hat .do _nat have t.he plurality. of selected

ot kor o e Battned €5 fing Smbnen S S heR R o S e SeR g devi ce:
i sol ating cel bénvepviz BGnidtutd nBludm@lcelts IRV inFal Meralify sTitleetkd matkeadando not have
the first selected nmarker using the mcrofluidic cell sortlng devi ce;

conveyi ngelisrbatide sophavg t]éfélPIP@hFYaf\'fl splgcted garkerssthrongh @ spsigg whanogl ofithe a secondary

sorting .Ghanm gk(k ) gkﬁggfIU|d|c sorting device; and isolating cells
havi ng a second sel ect teq rKer fromcells that do not have the second

sel ect ed mar keplating td¢ls haeingadastyselsaed madkec ramcells thahde ednhasothtifing a
subpopul at,i of cells, base e /markers. 16. The nmethod of claim

n. tipl
P R R mee i R G DR i s ATEe o el Vs v me tha T4 ot

second sel ect e@llvay.hgmesmlﬁte@catsmaeﬁgthe firét seldRd MRl do @kcddhadrinsddbing f ur t her
conprising the step, of: relnplantlng cells lacking both the first and second

sel ect ed chanRIdp ghe fﬁlcﬁ)fk‘%]:é@img aice; 7k et hod of claim 15, further _
conpri si ng thi’so&hﬁg agﬁg% E:&ﬁh' e&Q@Té}ﬁefFﬁo&%ll%]ﬁlg &’r%r? hﬁx%ﬂh haV' ng both
selected

the first and seco cIa|n1 further
conpri si ncg;ondh eclatt@irparter ipahtsiengnctarbesqrmm ciamk] abérelsy Staingg sublpeptﬂatrcmt and

second mi{“ ce?ls%ase(a on muE%( ]I)l gnar ers.

16. The method of claim 15, further comprising the step of:

reimplanting cells having the first and second selected markers in a subject.

17. The method of claim 15, further comprising the step of:

reimplanting cells lacking both the first and second selected markers in a subject.

18. The method of claim 15, further comprising the step of:
genetically modifying the isolated cells having both the first and second selected

marker.
19.  The method of claim 15, further comprising the steps of

passing the isolated cells having the first and second markers to a mixing and
incubation region of the microfluidic cell sorting device;

introducing a test compound to the mixing and incubation region.

20. The method of claim 19, further comprising the step of:
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i ncubation region of the mcrofluidic cell sorting device; introducing a
test conmpound to the m xing and incubation region. 20. The nethod of claim
19, further conprising the step of: -28 detecting the effect of the test
conmpound on the isolated cells having the first and second sel ected nmarkers
in a detection region of the mcrofluidic cell sorting device. 21. The

nmet hod of claim 15, further conprising the steps of renoving the isol ated
cells having the first and second sel ected narkers fromthe mcrofluidic

cel | sorting dggcy@g?qeggﬂc{ SRS R A Pnd OF b SANALLELIE Rhdifig HRHAGnliNe TiTst

and second mar
second selected markers in a detection region of the microfluidic cell sorting device.

21.  The method of claim 15, further comprising the steps of removing the isolated

cells having the first and second selected markers from the microfluidic cell sorting

device and transplanting the isolated cells having the first and second markers.
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