1 3 OCT 2006 WO 03/089158 PCT/ US03/ 12368 METHOD AND APPARATUS FOR SORTI NG
PARTI CLES Rel ated Appl-ications The present application clainms pofpailty to
U S Pr ov{,@@%é Fat ent Application 5 Serial Number 60/373,256, filed April
17, 2002, "0 8™ P3Bent Application No. 10/179,586, filed JEREUSH/I23602 U, S,
Provi sional Patent Application Serial Nunber 60/411,058, filed Septenber
16, 2002, U.S. Pate ' ' er | e Q08 fil ed Decenber
23, 2002, and is a WMM$ﬁW%OM%A% I@C‘é\#i on

10/ 179, 488, filed June 24, 2002, the contents of which are incorporated by

10 reference. Field of the invention The invention relates to a nethod and
appar at us f &elatbd Aqpplicatiognsof particles in a suspension, where the input

flow path of a sqrting nodul.e can.be split | everal .15 0 t channel s.
Vor e par ti oul ar . IR ARIGRP SR P A e g sl PEvESdes baiegt Abiiesfionn
whi ch a pl usahialtNudberssw373b 6 R Lsriler7 2004, 2. SOPAGRt AshIRAHSPNY! el d an

increased particle throughput. Background of the invention 20 In the fields
of bi ot echndPdgy,58antileddpreci42002.dy SoPryysiensd PaiengApplicatinn SgrialiNianber i s a

need for hi r sorting,. of i ¢l es anpl es of particles that
require so ?’.ﬁg")ggg&@gﬁﬁ@i&g‘ FK/E%?O&Q?@S ?gtengﬁgﬁ’:hcg’gmﬂﬁ%@ Pg‘fné Blets, white
bl ood cel | s 10/325008Uiled TREBberSIBRYONi6d 684 bntskiddfh-parkes UR@aRnParti cl es
are especially of interest in thé field of cytology. her particles are

(macr o) nol dgphieatiaapkli B488, fitedalaing 281 6103s theannignsof ¥hicinarepadoyparatet dot | des.
This famly g articles is of particular interest in the field of drug
screeni ﬂg dd Fl??gc?'he devel opnent of new drugs. Methods and apparatus for
particle sorting are known, and the najority described in the prior art
work in the condition where the particles are suspended in a liquid 30

fl'owi ng t hr Field of thhbxyemtiomet wor k havi ng at | east a branch point downstream

and are operatedqaccordi ng.t.0 1he deteact-decide-deflect -principle. .The
movi ng part e e Tbeggion eibis 1 EmPHodoha SRS W6 e SherBE o prRefiy 1A .
optical absgigehsitn, Whete HRSEFRfldWNHERDE b ¥orting H&Iuds €an B4 titd devefult he

outcome 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.

Background of the invention

20 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
of cytology. Other particles are (macro) molecular species such as proteins, enzymes

25  and poly-nucleotides. 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
in the prior art work in the condition where the particles are suspended in a liquid
30 flowing through a channel network having at least a branch point downstream and are
operated according to the detect-decide-deflect principle. The moving particle is first
analyzed for a specific characteristic, such as optical absorption, fluorescent intensity,

size etc. Depending on the outcome of this detection phase, it is decided how the
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-1 13 0 CT 2006 WO 03/089158 PCT/ US03/ 12368 particle will be.- handl ed
further downstream The outcone of the decision is then applieb3 0¢bgief! ect

t he di recw(p&/q(%lsépeci fic particle towards a predeterm ned branch of the
channel networK. O inportance is the throughput of the ESTUSAH123¢har at us,
I.e. how many particles can be sorted per unit of tine. Typical sorting
rates for sorters . | oyi flows of particle suspensiqn.in c¢closed channels
are in the PHH Wlﬁ%@%ﬁ@aﬁmﬂ@wﬁméﬁlw%m Sidbe Aerisian {+5eR amidof
particles : ' rid it a sorting
device is 8@2%6??%9 Fﬁgﬁ{oélao%g%kgﬁ?p%gic I64&3%%}5&%6@"6p2r ?&%ﬁeﬁﬂn%%%fqgénhte%ﬂg? whi ch are
her ei n i ncoclpandtretvimk. r ef erence (hereinafter referred 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

per pendigcul ar ch ' ' ﬁ%'?f’? - N

enteri ngsc particl ggﬂgkiﬁgﬁs?soﬁgﬁgﬁ%@ﬁgoﬁgﬁeghgat %fa?%%%ﬁo@{%ﬁxﬁ;l(%ﬁﬂlgl@
keepi ng t hecandrd soctied pecamf oftdet Typioal swemigamtesffot sortechanpleling flowsrudr nal
conditions, the flowratio thr h the two branches i djusted so that the
particles aRATHREEHPERFOnAT 8lR5¢ 3 Bifn gho TRES Home fraehtindiedpariices BRF of

the channel son®RARBALAEL 5t hri0ks bEIRCORA ol Enis sBifgralined using o

detect or, \/\iu can be an optical™ system tion phase). The detector
generates a signal when the detector detects a 20 particle possessing a

redeterm ned characterjstic in the.deci,siol hase, .Once icle 1Is
et eot ol def | SEEBATPLS SHATTERPIS S derrDek Fnb-3 ROVILND: SR> hbghe ©
defl ection éﬁ]ﬁéﬁs of \thch%@h&éﬁqﬂccicr?&a%fﬂy%fe%nc%‘(ﬁ&%inﬁﬁér Rferligs bt gde pair,

positioned in the branch of the annel "where the particles normally flow
t hrough i n 1662 pateat) iln dhe'®62 patest, afflavhef patttlescels in tBis dabs fappithwagh the of

cvol vi ng' betbe TARESHRECITBEle Vi brinet o Sud BB mspficnbr Shangiefa T si ze,
the 110 r bl ot bkt R i) g e AR B Yk il RS

After the current pulse is applied, the bubble. growth stops and e gas
bubbl e 15 csheatheef calhnpatibleiliquid, khepifig the. patticles condimied fo thisechtenef thh changkl. t he

spect 10 braneh L pcomentant !y etuced, ande SRR Sidled M BLSRE changes

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
is 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 liquid 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 ciog the flow channels,
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. The device of the 662 patent is effective for sorting particles. However
one serious drawback is that gas bubbles are created which peGefli®lil y can
accurul at m& ge_rtai n points of the fluidic network. This bubble generation
can cl og ¥ channel s, -2 13 OCT 2006 WD 03/ 089158 PCTETASHYRI6HS

yi el di ng erroneous sorting. Another drawback is that the generated gasses

(nostly ox and hydrogen) gnd _ionic _species (nostly and |'T)

i nfluence t&%?‘gﬁg FVE?‘%’%‘S Sﬁ%?h&&/i ofhir s tg‘i"é&l% He%r?tﬁggﬁsée estlVode pair.
In addition I | Saiti8ni T=Y . ragile
and can be (czl%s ro%ggﬂ%&t%hjeggﬁﬁc%g%géc@?\???%?g o E%%%grééatﬁlg v{:tvli/ctl ) t he gas

bubbl e. Anotlheingithawighdke bsnthwithdhpelesirade pair. Ihlhdditieny @il asddelicaty
apparatus. |

n.,particular, the mcro.electrode cqnstructiqn Ls..very conplex
o mount - anBr4SER ST S Ve TRAFY iRl M Sobbe fruroggd by fBlsE y deul .t ho
cost of A sehstifntitio-gdrerdiéd Hith YRl YasbRPOIR: Aﬁ@ﬂxé“&%%ﬁcl@?é%&cﬁgﬂéxiﬂr particle
sorting systemof the prior art is disclosed in U'S. 3,984, 307, the

cont ent s of thenvetelbsoetileapgpamtion do paticelae dhdpiare Ekcrodecqnseneionas very t he
"307 patent). |

the 307 patent, .the particles are flow ng, confined by a
(owi hg. shePPIEKG ot et Bughble i bk ngpicls 8 S surtomaisc ok g x
detector seghdi@Pa sbifcah@NDRlatiRigRcHes into two channels formng an acute
angl e therebetween (e."g., Y-branch). Just 15 before the branching point, an

electrically activated transducer is located in the channel for deflecting
a specific particgle_.having an_appropriate edeterm ned charact er.i st,c.
The trahbduber  dASBHD EATRIS R ADBEIEFlsk BRI ofiePaeEates SFanaIBL-S.

yi el di ng upgRg48eCHhE iceRlen@ Gl WHH 28 hreR! RESPORMPY LrdiftchQheRAMARRE the The

generated pressure wave nonentarily disturbS the f1ow in one branch thus
defl ecti ng tHY patertt}). dnghe 307 patang she partides 2@ fidveing; dosfinpd by elowing shiwathdevi ce
of the " 307,.pat.ept s.in the previoys ,dj scussed vi.ce, the deflector is

i ncor por at e&awdt %F?muﬁ%ntge E‘Ff&f*ﬁn‘éff)a @@?@ éBﬁfiSP}%’gS‘?%ﬁ“?feﬁe&f‘?‘%f éﬂ?cqaﬂ?‘@}e
construct i oBraneR&tifito tHAAIHERRCISTAWRRE K Rutd Bighe HRMILERVdeR (8BS YiBfahe®! Jhst
principle used. The generated 25 pressure waves.are not confined to the
branchi by pbeiers thgbranchidgqoig apelgetricalpativaighiransduser isdoesedinithe chaapel on,

I both b L This infl h NP h th
Channel . “Ti@ Rgegink P RRERicShavilen UFROETy bure S Rhpd et O 1

The transducer described 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
is incorporated within the channel 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 a2 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.



connected either in series or in parallel, as is typically done to construct
a high throughput sorting:system Pressure waves generated in oﬂg ﬁﬁrmﬁr
can then hﬂ£$yenqe 30 the flows and deflection of parti€les in n 8 3 I'ng
sorter untt&¥%2881 3 0 ¢ T 2006 WO 03/ 089158 PCT/ US03/ 123BET/UANGIEH soOf t er
I's described in U S. Patent No. 4,756,427, the contents of which are herein
I ncorporated by reference. .-This sorter is analogous to the sorter in the

662 patent. | nADREher sors is desgabed in Y. SePateatiNo 6ot b Mircspnicntspivhiebed by
nonentarily [ ' : lESI cdk
Changed by’ aeRtRbgpdifel 67 SAREE, Phistifer ds ARADCo 15 AT BANGE

act uat or. | pateite Iptiat eagechovesdendheflnty, intone dranek iedisarbeidfyuatmentatlya pi ezo
di sc glued on top of the channel, causing it to nove downwards upon,
activati on. clmgw&rgﬁ rﬁsvfémwsﬁgﬁﬁww% Tore resietangsyis ghangsd byichargma theheighy o 7
patent is | | OIS | - .ructures,
it is st?l I 8%@8%?%%%@%&552%6{%&%%%% 'eh%l%gggé}&rrr%gu %(gdx%n?ﬁtt, ﬁ{elg descri bed
t ype toget hexteinal actasteniza fidw dsy gluadon tipeof théitlsannkels cawddng i td evsort er
descri bed ia the 307 patent, because of the generated pressure waves

causi ng i nt epVRVads dPg e¢HV3HABr sorter nodul es. 15 Another particle sorting
device is described in U S Patent Nunber 5,837,200, the contents of which
are herein incorporated by reference. The 200 patent describes a sorting

devi ce that usesAdthoagheieiconsiaiction bf te sortdidasctibedcinabs f427 maatens & lewst

particles based on their nagnetic properties. The [ 2QQ patent further
descri b} preyaRleythan taﬁarevg%%iﬁsv%edi Sr‘?&PWtH}?&F%dP‘PiSHﬁé‘f%ttl?féngstOicﬁuple
parallel. 2 | ' il ' ' | e?hi%

met hod and glpp rat u%er?{é?&dg%r%ﬂmng&%gﬁ??dc&gg H{%&%?%ﬁ@%%g%@gﬂ{g@‘%%d channel
system of cispad inahy seiteralescibed pmtHei ‘302 patonitt beeguseyof tlengankrai¢dgressovewivesn
provides a sortin dul e that can be assenbled at | ow cost while 25

provi di ng aﬁaﬁgﬁ}gﬁn&WSNgﬂ‘&m‘?@Pﬁ%ﬁo Wee amounts of particles per unit
of time. The particle sorting systemnmay include a plurality of closely
coupl ed sorting nodul es which are conbined to further increase the sorting
rate. Thie parti clAmotimr pariglesspsiirendevinge 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 maguetic deflection module to classify or select particles based
on their magnetic properties. The 200 patent furthex describes processing and
separating individual particle streams in parallél.
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 sorfing 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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conprise a multi-stage sorting device for serially sorting streans of
particles, in order to ‘decrease the error rate. 30 The parti cl é 37t A8
system i <an inproved fluidic particle switching nethod and

Swi t chi ngwcg@?ggeﬁagccor ding to the present invention. The p&FT{USPHEIB6}ting
system conpri ses a cl osed channel systemof capillary size for sorting
particles. The :4 13 D C T 20 WO 03/089158 PCT/ US03/ 1236 hannel, system
onpr | ses. athEPe] Sl RRreE AT TREY SRR PEFE AR PR GRS A o
second suppktodt GhpflP dusiBPsipphiEnda eakiel Biuill TUE Hirst Bagplhidust fofHPR hyzAsICt
forms a nozzle to introduce a streamof particles into the flow of carrier

| i qui d. Thetd introduen pgireamgeinarticl exintaibe sovoricamigydiquidi uEhe Arsesupplyf dugt d
conmuni catign,with a neasllélrcﬁlﬁngnt 'dthd’ whi ch 5. branches into ac{i E!St .a%anch
and a secon8ibHEErndSURPY dBEere R flfitd commpinicion Rt @ Meaghrgmentdugh pyhiehy -
the meassgir egRikhéklfifo ARt bEndts R sdcBld Bianbh 8t H8R6H Soint. A FRARPerAent
predeterm ned characteristic of particles in the neasurenment region. Two
opposed bubigien igalefined wrthe pregburpweridliucharsbigassoctatad with aidetecton to semasar enent
duct and are si%aceddoggr(f)is‘i t.e.eaich otlher 'thThe bubbl e val ves._communi,cate with
the measur eRESE TR FBARFBIRHOLPAITys Tnfthe Msauremet yesipn . Iwaopposed;’ i 'y '
al  oned to pabisie Yalved hretpdsisioned BeconitaiisdRn with fhemiadui¥Ridnt 8Lt ahd§leei N Whi ch
interfaces the carrier liquid with the reservoir of the bubble valves. An

ext ernal acBspAsEd pppasitglesch pther i thedbubble vadregsommuminate withtthemegupihent dusty es.
When t he, ext.ernagl actuator is .activated,.the.pressure in,.t reser,voi r of
Phe act T or BEORaLs PEt EpHostd g b Bbe8 1l i MRS peflt Al e R0 LS b &
flow 15 di spaysheesae forh & RRniBaSHeRNEwhicluferfacesdRd ERfbr Kdad Widhé ReERLR-
Wien a sensor |ocated in the nmeasuring region senses a predeterm ned

char act er i sef thejbybblepales.c Aa sxtasnlagugtor a1-jbr prexided feiadwating onegi 818, t he
sensor prod ' L. i -1 he. S G | StlC.. e
oxternal acbuinsy e Paet GESRE"SGaIR 4 aEnABHES st U et OFT .
in a conpr egs RAvabablksle 9hlva ildrésts, deh&dtdgtd teniseus defdagsibg hilowparticl e
wi th the predeterm ned characteristic, causing the selected particle to

f1 ow dobh t Histwhanssdn Breapedsurpmant dygi to defleet fredlow theeeinvent i on conpri ses a
nmet hod of sorting particles including the

‘When a sensor located in the measuring region senses a predetermined
characteristic in a particle flowing through the 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 charactenistic, causing the selected particle to

flow down the second branch duct.

In one aspect, the invention comprises 2 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 a stream of fluid into the duct
inlet 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 upon 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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- 25 steps of providing a neasurenent duct having an inlet and a branching
point at which the duct separates into two branch ducts, and d dmﬁng a
stream owa ilog# to the duct inlet with a stream of particles suspended
therein, suc At the particles normally flow through a P¢FEBO¥RSf ¢ he
branch ducts and providing upstreamfromthe branching point two opposing
si de passages _for nmonentarily deflectin he streamin t uct. Afirst 30
one of & he GitaRiss BEYILE pandhs rEmght vaiih S Hect et fesdPeteeht ol BRanber
of a first sibepRsGoetabl@nsitBiaGRedeberaftitbhdRR it AR pLLRE RdthedEEAATAN 607
varying the pressure therern. A second of the side passages is

hydr aul i cal prpducing esigdl wheththg poedeterminsdohieacteristic & scusesh dllsubtthed fathee f or
absorbing pressure variations. The nethod further -5 . 7006 .. .
057 089158 PO M0t Bhikmalt | Rsoma PP rsaoed sine Gt SHANBRg « ne
measur ergent th_@léﬁterﬁm%bh%mf&fqrédﬁﬁﬁ aASe dRAABARE Sn HY diteBékwen theRigdet er m ned
characteristic of particles in the streamand for producing a _signal when

t he predet epassagsd, by dededtisgites pasticlehewag tthpredeteiromed gharhetetistisonpd i ses

the step of , in respgnse, to.sensin he predeternm ned, characteristic,
activating éaé“?’ﬁﬁ%%%&%?ﬂ@?ﬁ%@% #W@Féﬁﬁqnﬁd’rﬁn&l%pdi sturbance in the
duct between the side passages, thereby deflecting the particle having the

predeterm ned characteristics and causing the selected particle to flow
down the second brfubar sipetts of thefinvantion, the padicls wirt rakisirespeeitvebhincreased
particlg, sort,rate i.s respectively i.ncreased 10 or the type of Ligles
Sor ted Bei ngf i Eyme.fariclis Soueq hetbe oA haemos Ve SomarTe s P ST  ng
nmodul es in ﬂﬁﬁﬁ#hﬁidu%iﬁﬁithﬁél'o! €@ Bdtin® PplufAty b¥scingMothlegin®ddul es in
a binary tree Tike configuration. According to one aspect of the invention,
a particl e biaan s likesqoafiguratipnovi ded. 15 The particles sorting system

conprises a first duct for conveying a stream of suspended particles
confined in a carrier liquid, conprising an inlet, a first outlet and a

second outlet, Acs&aERtoloAs a§ROBOMe anRhEGIE lagiafticle dokinglsfsiefilis flovidedn a
particle, a side channel in communication with the first duct, a seal ed
chamber1posThe pusiglea dpring system comprisesdefirst fagtder conygpingiarstrepm of suspeaded | ui d

forms a neniscus in the.side channel to separa h 0] h er from
e oo 1 or bifiden ookt iR s SEr A AR, ohBpSSRE LT klef, A uRECilh 0ARDS 10
the seal ed g@ddibesenksr Bekdnshis d freddtamiinedichardttetisticdn aoatitle, aeiiRahabitd 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
Brief description of the drawings
FIG. 1 is a schematic view of a particle sorting system according to an
illustrative embodiment of the invention. , '
30 FIGS. 2 through 4 illustrate the operation of the particle sorting system of FIG 1.

FIG. 5 illustrates a particle sorting system showing alternate positions for the

actuator chamber and the buffer chamber,



predeterm ned characteristic. The deflection of the neniscus causes the
particle having the predeterm ned characteristic to flowinto tl el et d
outlet while particles that do not have the predet erm ned characteristic
flow i ntoVY(Plgﬁ?SF’F%st outlet. 25 Brief description of the dr RATAFEI/F3GR 1 is a
schematic view of a particle sorting systemaccording to an illustrative
enbodi nent of the invention. 30 FIGS. 2 through 4 illustrate the operation
of the particle £59t6Histgies thensrtigh riing systen agconlingde enether embssimentiof
sorting syﬁ%&%§%c@%%ng alternate positions for the actuator chanber and the
buf fer cha : 3 DCT 2006 WO 03/089158 PCT/ US03/ 12368 FIG 6
illustrates the PaGt7T{lhstraes b bapblsyalvesuashle fetizg it thegaaidesordnpodionest of
the inventign. FIG 7 illustrates a bubble valve suitable for use in the
particle softSPIEse8yIVERIH: the present invention. 5 FIG 8 is a schematic

di agram f the p ﬁ&ﬁg FEE ' 5[‘??199:: Rt of the
pr esent ?nventloﬁmﬁéea%%%%@gdo Er;rrg‘i)lta é% aé%gaslrt% fe sortirng system
for sortingemdbdiest of therpessant iaberivnt i cl es accordi ng to the teachings of the
present invention. FIG 10 shows one enbodi ment of a particle sorting system

configured in a FI@ %Fm%mtere@@zqdm&nt@éﬁmagml%qrsﬁgéyst@rarf@r. oY mERAR

accordi ng tQ 11 Il lustrates
anot her errbod‘l53 ‘E‘%ﬁml&% ﬁlfdng]‘%gﬂelg%gaﬁﬂéﬁg sggﬁsggmégés e for sorti ng
paral | el streansFoG. phsHows @@ enbodithérit pif @ patthlesortifig §ysteh? configuséd iataes a
paral | el partlcl e sQrting. system accordin to an alterpate 15 enbodi nent of
the prel@nt bmapeies-Bke c appnjqfjspaing Jpedules gegoudingto tb‘%ﬁe@?l@ll%“ ofdh¢ i ng
system aCCOEfEsEiﬂlﬁ%nﬁ pt her enbodi ment of the present invention. FIG 14a
and 14b illUstrate particle sorting system accordi ng to another

' 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
15  embodiment of the present invention.
FIG. 13 illustrates a parallel particle sorting system according to another
embodiment of the present invention.
FIG 14a and 14b illustrate a particle sorting system according to another
embodiment of the invention, including an optical mask to allow measurement of a
20  particle size and/or velocity.
FIG. 15 illustrates a parallel sorting system having variable channels according
to another embodiment of the present invention.
FIG. 16 illustrates a variable array design of a parallel sorting system according
to ariother embodiment of the present invention.
25 FIG. 17 illustrates a parallel sorting system according to another embodiment of

the present invention.

Detailed Description of the Invention
The present invention provides a particle sorting system for sorting particles
30 suspended in a liquid. The particle sorting system provides high-throughput, low error
sorting of particles 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
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enbodi nent of the invention, including an optical mask to al Iq ﬁa@m’emnt
of a 20 particle size and/or velocity. FIG 15 illustrates a \ga I

sorting s%msg %{i ng variabl e channel s according to another enbodi ment of
the present invention. FIG 16 illustrates a variabl e arrayCHASPHRIGF a
paral l el sorting system according to another enbodi nent of the present
invention. 25 .FIG 17 .l l,ustrates a parall orti.ng.system according to
anot her _enbIRAHRIRSERd PREapaLERd o k0L fRer e lRbm R TRABRIRHOR IR b T he
I nventi on Thatipiigs@ibodiméaRidepidtaditRrydiles a particle sorting system for
sorting particles 30 suspended in a liquid. The particle sorting system
provi des hi gh-throughput, low error sorting of particles based on a

predet erm ned ch eriglifw i The presepnt inventdon Wikl . descri bed bel ow,
relative to ill u?ﬁ?%%?@ea%%p%]} ?11_t gpéTﬂ%‘gé’ﬂéﬁrﬁtll %sdusleﬁlhf’]ﬁé‘? gef?rs #

appreci &t e gzhmzay enRaes enthroubhe nkONm it ARv ok eivReinest dfThadd) midhels of
different -7 1 3 DCT 2006 WO 03/089158 PCTI US03/ 12368 applications and

enbodi nent sligds s gases.sPexcélfannel ih ¢he mivrefdeidicrsysten prpfsradphavscros- t he

ticul di ts.depigted h in. Th ) t" och | - d "fl
Channel »as GOt AEPERYoa G1<rone® Bty iy T 67 el 4wt SRR OT e Mo um
that all ' | Sp I
in the m e ot For o Aoapagind a2 BHE AR phavidBh R PR o0 I BF e

the range bsioxeeso phoubndoordinatynskinivibe aB0RIIbR atile &f dstarblive abgiptegfatabout
25 pun and about 250 pm and nost preferably between about 50 pm and about
150 pm Uonevelfimgaai tenggh ekibe flomnchapaela rihewpnges e mbinded to nelde thepboxer
appropriate h. pf.th el e

R ended t orPhe TR ReL F8M A it Tt PRULSABRY o pP SRR R e 1
fI ow channehrrfemiay exanjyles 6f Ghichdndhdpelindar o hbANGIeNRdhigeestowhfdba UL whi ch
I nclude a linear or_non-linear configuration and a U shaped configuration.
15 The terﬁhapafi@@tﬁ@atr@f ers to a discrete unit of matter, including, but
not limted to cells.

15 The term “particle” refers to a discrete unit of matier, including, but not limited

to cells.

The term “sensor” as used herein refers to a device for measuring a characteristic
of an object, such as a particle. ,
20
The term “bubble valve” as used herein refers to a device that generates pressure

pulses to control flow through a channel. /

The term “carrier fluid” as used herein refers to a sheath of compatible liquid

25  surrounding a particle for carrying one or more particles through a duct or channel.

FIG. 1 is a schematic depiction of a particle sorting system 10 according to the
teachings of the present invention. According to one application of the present
invention, the particle sorting system 10 comprises a closed channel system of capillary

30  size for sorting particles. The channel system comprises a first supply duct 12 for
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
introduced into the flow of the carrier liquid. The first supply duct 12 and the second
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The term "sensor"” as used herein refers to a device for nmeasuring a
characteristic of an object, such as a particle., 20 The term ﬁ@luﬁlbq e

val ve" as used herein refers to a device that generates pressure pulses to
control fWEW3¥MPS8gh a channel . The term"carrier fluid" aBCUEE8ES/86%ei n
refers to a sheath of conpatible liquid 25 surrounding a particle for
carrying one or. nore particles through a duct or channel. FIG 1is a
schemati c dSpPRiyidest lgfars pHyidicepunurgeation gvidy s measuromgetciict L hipr centayeng
teachi ngs Ol DGaPLERRALAIAYEAI Qi ARGRY St 0y A0E-RRLIG Al ENRS o W06
present invention, particle sorting system conprises a close

channel systesnchichaapel P2aind a $Rosd BRnélochaaet 22t0atRebrkmedl eat 2Thes channel
system conprises a first supply_duct 12 for introducing a stream of.
particles 18ucaserementiesion 20up grijnedunthemeasyremery sugt Hyand is assepiated witlya 4.

The fi | i i Lol S !
nt roduced PARSEr AL e s PR PpllRATh Al R OOFUR PALFEB S RSB 8 1°
the second mnBeatdrefdent 2g{dn 20060 HFHLEBLINBIE LWgoed 1ABGHd 190bpteypaditned4 are in

fluid conmunication with a nmeasurenent, duct_ 16 for conveyin the particles
suspended i Aelahee odhe measyrementuctand digpesed Byibwid commpumicaiion fesgewith.oThe £ i r st

e e 48 S RO Byl OO At

measur enent region I ne n sur enen

associ at ed witlidd canfiguratdrschn tlsd Betused eTigchubbly erdetLr0h nad 100tcanhenicstei ¢ of
the particles passing through the neasurenent region 20. Two opposed bubbl e
val ves 1@0avaﬁuﬂ1$@m9ﬂ§ﬁ@e@6§acf 1@ Huengly apaif plernosed side pessagmsedannd dfet and

di qi . Nt LR _ it
cach other | SerivEr THILER A0 RGN il pRaRige iPhtEe: 2UFpiReey cigpes! €
confi gur at i enanistan 28 kispeine Tus adnistieddfineb he intalfy@sheh@bm the darfi6Obquidandini cat e

10 with the nmeasurenent duct 16 through.a I r of opposed s|de passages 24a
and 24b, r &8pWer iy, v%cheﬁa@?ﬂm@ea?%eswyoofﬁﬁe ﬁ%%Pﬂagﬁdea“f?PlemB&w i &8 passages

24a and 24b ai:ﬂla{o?Q@iéa]sﬁf&vﬁﬁﬁ?o@aﬁ:tﬁ%%ﬁtﬁer DiHBIET }nﬁ, cSbiRfRrf causes

I nterface between the catrier I1qui anot her I d, such as gas In
t he reséfvoiaflof dishebars aeilztdudt oulslleet thaflow thé&@in When adivait by tRbadtsated so

provi ded for, ek UL £l ST, YRR N e BT ERTSB0E e sE3HE B o
valve 100a serves as a buffer for absorbing the pressure pulse created by the first bubble

valve 100b.

20 The first side passage 24b is hydraulically connected to a compression chamber
70b in the first bubble valve 100b, so that if the pressure in this chamber is increased,
the flow in the measurement duct near the side passage is displaced inwards,
substantially perpendicular to the normal flow in the duct. The second side passage 24a,
positioned opposite of the first side passage 24b is hydraulically connected to a buffer

25  chamber 70a in the second bubble valve 100a for absorbing pressure transients. This
first side passage 24b co-operates with the second side passage 24a to direct the before
mentioned liquid displacement caused by pressurizing the compression chamber 70b, so
that the displacement has a component perpendicular to the normat flow of the particles
through the measurement duct.

30

Upon pressurizing the compression chamber 70b an amount of liquid is
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

_G.



15 a flow distur
by the actuator
val ve 10

t he pressure pul

bance in the duct to deflect the flow therein when activated
26. As illustrated, the actuator is coupled 1$0Ché&lbubbl e
cond bubble valve 100a serves as a buffer for absorbing

16 created by the first bubble valve 100PCHUSH/IH8 fir st

si de passage 24b is hydraulically connected to a conpression chanber 70b in

the first b

so t t hi,s chanber

bbl | ve 100 if, the pressure, i i.S
et ohsod, it i sefordd il pESaid M. tne ol ARR Giilnd Brd oS nbRRTR Sy e
di spl aced i puickEmcabsthay irtelcbindReéRBAFHNE Yo thidughliBe RHRASREMENt Avel 16 fhe
duct. The second_si de passage 24a, positioned opposite of the first side

passage 24bb¢ gansietlyuneed sidevesynhack andl fosthapen brespurizige anddapesssudang of t he

paseage 240 EsoBpLP RS Tnpl T

orbi ssure traaggl ts. This fthrSt si de .

Ribantuced byt BtemalL acnialon 26 i respensig the | o

bef ore svengipanessdd bipitd ddieenba GREBNT 9. CEHS RnkivniRSS SishBléfert MRVERDT essi on

chamber 70b, so

that the displacenent has a conponent perpendicular to the .

nor mal f| owt@npaugat prapendiswy tothe nargiel flaw indhedicdraentbedpplied Belelpeting

pressuri zi ng, i. ression ch er 70b.an anou of Liguid is. transiently
di scharged fr 6?711%? ﬁ&e{ﬂ% ggﬁﬁetgﬁglega%g%rg&t H%T}O f?Pearélé gllelnll éﬂ %‘yﬁ% feY & cond
si de passaﬁ@tia@ﬁmgwikﬁu@pon a pressurized discharge, in a transient flow

of the liquid in
into the second
and th fluidic
neasurg%%nt duct

the -9 1 3 OCT 2006 WO 03/089158 PCT/ US03/ 12368 duct
si de passage 24a. The co-operation of the two side passages

ATEER. R lReme RGE FRDERC R R ey o o

pressuri zi ngradéliks depr 2psandithé flowahtes ihtheSOPRANEIRS af adiiaed ey th4Ghe Eﬁl@dfe@d by

the external actuator 26 in response to the 5 signal raised by t

e detection

means 19. Thmnally sisqmefhrongly theseapndntdbe M branphesi22h. Ghe angipbetergen the
per pendi cul &rana%s&ag, Gieﬁreig%we'gﬁ‘t‘! and 1‘86%&%%&;&@%9&13 nBvS&niGdr‘nmﬁf& ecting

particles having pr

rmned characterrsti’cs to Sepdrate om t he

remai ni ng g&irédsCHOWeV Y, iHeQnBiedadle®en BO 0AsgBg Which Efrdspagdsite fe padliel 16

branches at the

branch point 21 into two Dbranches 22a, 22b and the flow

rates i¥ t hduwds With aeHatghh sepappdjonsvalbbeweembient he particl es

central

The particles to be sorted are preferably supplied to a measurement position in a

fluid current, which is surrounded by a particle free liquid sheath. The process of

confining a particle stream is known, and often referred to as a ‘sheath flow’

20 configuration. Normally, confinement is achieved by injecting a stream of suspended

particies through a narrow outlet nozzle into a particle free carrier liquid flowing in the

duct 16

. By adjusting the ratio of flow rates of the suspension and carmer liquid, the

radial confinement in the duct as well as the inter particle distance can be adjusted. A

relatively large flow rate of the carrier liquid results in a more confined particle stream

25  having

a large distance between the particles.

In a suspension introduced by the first supply duct 12, two types of particles can

be distinguished, normal particles 18a and particles of interest 18b. Upon sensing the

predetermined characteristic in a particle 18b in the measurement region 20, the detector

30 19 raises a signal. The external actuator 26 activates the first actuator bubble valve 100b,

when signaled by the detector 19 in response to sensing the predetermined characteristic,

to create a flow disturbance in the measurement duct 16 between the side passages 24a,

24b. The flow disturbance deflects the particle 18b having the predetermined
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normal Iy stream through the second of the two branches 22b. The angle
between the branches 22a, 22b is between 0 and 180 degrees, h&&ﬁb @ er abl y
bet ween degrees. However, the angle can even be rees, Wwhich
correspo%@gﬁpgs %% parall el 15 ducts with a straight separ%$Vﬂﬁ%ﬂéW$ bet ween
them The particles to be sorted are preferably supplied to a neasurenent
position in gﬁ 1 | ryr ' 14S 1.SYr e rticle free
liquid sheafﬁ. @5%?%H%§§*gPagggﬁ?ﬁ%?ﬁ%*QH%Q$§%%F28§¥3%§%$¥%%Q%5 , and

of t en ref er eghch@uas22. HraRtditdricomimuflcatantitigtheakivafor 280sdhbt whercRf | nenment
I s achi eved by I njecting a stream of suspended particles through a narrow
out | et nozzldstectord® sensss p pradstermaied chasapigristiG g particls, s gotppior adivagpsdhe 16.

By adjustin t. faok) . ' i | i quid,

t he radialq%%n PE%&@%?%Ogggﬁg&ggkﬁﬁgg%Qéﬁﬁmggﬁﬁﬁ%ﬁkﬁﬁggpggﬁgf%?gﬁﬁistance
can be aflj udubble vAlver Ehahdtivatiyn bithg diritivabbleatabres ideflétds themidntdcub 26 bttheesul ts
in a nore confined particle stream 25 having a | arge di stance between the
particles. MstPubblepiehis 1019biand carsee  drapsientmpscspitiesiariation inythe H&¢t side pagsiget ypes
of parti ¢l €945 me B ol SideHAN 3034 PRk Hoble S aIvE ORISR Eliifinf !

i nterest 18b. "Upon sensi ng ‘the® predeterm ned characteristic Inh a particle

18b i n the prResueaaBBtionsdd it medurdnnagt dadtastinducda vidiheakakr 26 Bakiehily, The
external actuator 26 activates the first actuator bubble val ve 100b, when

si gnal ed by theeserzesdPapt thy spepnddubblesialveol Wa s hutlerthambeghavangp Frsgient

char act epi sty oA ' ' ~ 6

bt veon P ho L4 SeBEAEL Softpte il il hbERCE bl ThR R AT RFRL olUfimd
particl e 18Hldvauf ligrd femnpihe dedasursinesriduct thtd he@edontOde Yi:413/298 HdifkSving the

PCT/ US03/ 12368 char act gristic so that it flows down the first branch duct
22a rather tPRENTUERISIR bR absopbed-rnd RIEenting disturhancade ha lipw ebihrmencsalestedi t h
t he actuator, MBEME{‘% detector 19 senses a predeterm ned
characteri stqagtﬁzll%ﬁgt%artlc e, t eeséct uator activates the first bubble valve
100b to cause pressure variations in the reservoir 70b of the first 5 bubble
val ve. ‘{?e activg%t:tgn of the first %b_bl,e,vakves. defl ects the neniscus, 25b
inthe Pirst bu ¢ IgpgEeIawFeging 0 dndividug! parigles arg inspested, wsang a switable,y
the first si oy et aTo JSY S e : .

bubbl ¢ val ve Toha S Pl e FREaGBEAR ks DR R 1R RN ity W6
measur enent adwiler éBaractelictied obviaus tecoreatfwadioary2Bill. Bxampddsiof applicable sensor,

known in the art, are various types of optical detection systems such as microscopes,

kD

machine vision systems and electronic means for measuring electronic properties of the
20  particles. Particularly well known systems in the field are systems for measuring the
fluorescent intensity of particles. These systems comprise a light source having a
suitable wavelength for inducing fluorescence and a detection system for measuring the
intensity of the induced fluorescent light. This approach is often used in combination
with particles that are labelled with a fluorescent marker, 1.e. an attached molecule that
25  upon illuminating with light of a particular first wavelength produces light at another
particular second wavelength (fluorescence). If this second wavelength light is detected,

the characteristic is sensed and a signal is raised.

Other examples include the measurement of light scattered by particles flowing
30  through the measurement region. Interpreting the scattering yield information on the size
and form of particles, which can be adopted to raise a signal when a predetermined

characteristic is detected.

-11-



the reservoir 70a of the second bubble valve 100a is a buffer chanber having
a resilient 10 wall or containing a conpressible fluid, such &8 lTg485. The
resili ent“%%t?@“gses allow the flow of liquid fromthe nmeasurenent duct
into the second si de passage 24a, allowing the pressure pHFI@SPH1368

absor bed and preventing disturbance to the flow of the non-sel ected

articles in the . stream of rticles. 15 At the neasurgene r eqi 0, o
Pt vidusl | par t 1 A ieseRe263RE g ing the ComBsaB BanGE ope ot Bbpe

particul ar Gﬂawea,%%&m?ﬁk&an &HEMaP&ctSdtéthal 1REPDnds i A RRSEMOm it fASdrtHat 4 @S
wel |l as other characteristics obvious to one of ordinary skill. Exanples of

appl i cabl e gartiede has kyedeoted predetermined charasterigtico Iheregre twotlasyss of extextal ect i on

systens such_as, m grpsco machi ne_Vvj,Si on_sys nd el.ectroni c . means
Por moasuri wgaoRk REREaRTRe SERRGeRTe R e i T rd e s ARt R af hor
known syst eris pfeséife td {HR!|1dufl @ Ay file SRlelpatsaBB2ab! Fhlexahifle, ithd RhefeaRhy
intensity of particles. These systens conprise a |ight source having a

sui t abl e wawempnige h séwce phipigssuniged pacorompeetad svithraiswitchingalvete thy bgeich f or
measuring the, intensity of thg.induced.fl escent light. This apppoach is
of ton used. EAIEHIIR HaCIBRSSHEL fohanPiEioD G LR S SoRpert the RiFRREDS e |
fluorescent sﬂﬁfclé%f})réssnﬁizeé?as%&]ﬁ&h&&l&%' 186 M Ridelidin e igRRIN UhdniEh&Ratieg, W t h
light of a particular first wavel ength produces light at another particular
second waveltbagwitch{ sdnnoste theqrasssge 21b bagk © the vondalmperitisagressiteght | s

det ect ecsl the characteristic is sensed and a signal is raised. Oher

exanpl es”i ncl ude the nmeasurement of |ight scattered by particles flowing 30
through the neasuseaRitivelse dididpladeiict Mt@itbrBhal B8 nisPintRiibMthtish Sith a closed
information on the size "and formof particles, which can be adopted to

rai se a si grrampigssionghpamberdhasing svagvallp srallc Wheanghe displaceipend ¢etaator displapgs OCT
2006 WO 03/ Q89158 RCT/ US03/ 1236 he. act or 26 for.pr.essuri zi t he

conpr essi on %gﬁﬁ &) f %fco%%eﬁs}o&c?‘aw@%ﬁng H‘#iﬁ%@”@%ﬁe &6 Pf%rl{l%rgasgﬁrzlggger nal
actuator t hghovaBEPRMlEs dishlaceditasieto the @ﬁ?iﬂ&@ﬁﬁﬂ&@,rthé prbsude isiadiced beck@s a

sel ected predeterm ned characteristic. There are two cl asses of external

act uat odd t Hhe nermal eperating prepaywe.i Mt pxaaapln g1 o waitgde displaecmeart @ctuplos is an ass
directly prayi . e e.to tk iquid i fir i ssage
2ab. For oxcalpstamanlicfukins MRy des dipiace et of Sohier bR endipHielf o2
connect ed Widoll. Anétiet &biniide i6ah Bsd of gidkdelectiit Bhaterial, for example in the form of a

cylinder or a stack of disks, which upon the application of a voltage produces a inear

displacement. Both types of actuators engage the movable wall of the compression

20 chamber 70 to cause pressure variations therein.

Figures 2 through 4 illustrate the switching operation of switch 40 in the particle
sorting system 10 of Figure 1. In Figure 2, the detector 19 senses the predetermined
characteristic in a particle and generates a signal to activate the actuator 26. Upon

25  activation of the actuator, the pressure within the reservoir 70b of the first bubble valve
1000 is increased, deflecting the meniscus 25b and causing a transient discharge of
liquid from the first side passage 24b, as indicated by the arrow. The sudden pressure
increase caused at this point in the duct causes liquid to flow into the second side
passage 24a, because of the resilient properties of the reservoir of the second bubble

30  valve 100a. This movement of liquid into the second side passage 24a is indicated with
an arrow. As a result, as can be seen in the figure, the flow through the measurement
duct 16 is deflected, causing the selected particle of interest 18b located between the first
side passage 24b and the second side passage 24a to be shifted perpendicular to its flow
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colum in the side passage 24b. Activation of the swtch connects the
passage to the source of pressurized gas, which deflects t g?g Cus in
the i qui gv H?&B Sgeactlvatlon the switch connects the pas ﬁ}s back to
the nornal operaking pressure. 10 Alter natively, a displ acBREtSOHEBtRat or may
be used in conbination with a closed conpression chanber having a novabl e

wal | . When the d| | acenent act di sp] aces he wall of the npLessi on
Chanber | nudaCaD i BEGHH stafed i dlovresBtages tojthe WrEsirsrshel Uafle St

di spl aced baginch®2hRRd Bid SEARI bRASI i2l:pi'§»ch5&% BIRATHE Srekeirdditienich BAGK to 15
the normal operating pressure. An exanple of a suitable displacenent

actuator is fbwtoeiladcﬂomrﬂmgimtsldepaasagﬂ% andtthe becond sigle pdssage ddehasun of a
pl unger upon ener 2| n coi | ther exaanﬁoﬁgihl:[ e of | ezo I ect ric

material, f3PPERS W@Wf-ﬂ ar fo thefjqring %hi ch
upon t hesappki Ihid S0l Qﬁn %rYﬂLthIrR:g Be l?éé%ﬁbkfﬁ? i3 ﬂh’sf‘l%.ﬁch QZaSzQJdatﬁg 8&ddhd Rgﬁker

types of actuators engage the novable wal the conpression 20 ¢
to cause pr @2bugo ¢hatthaotesistascdstte flownis 1&igg i mﬁarlsbn outitthd flow nesistaates dfhe

switching o jan of switech 40 in th rticle, sorting system 10 of
Flure 1o 1 Rt passap fiankipg fecogd sbif s aeR 2481 ede or m ned
characteri st icin a particle and generates a signal to activate the actuator

26. Upon 25 activation of the actuator, the pressure within the reservoir
70b of the first Big;trbBehwbﬂm patticlb sd)ﬁinfgrsgstemslébﬁurhhgfthemﬁicﬁgf thisdirstdmbbleus

25b and ausi a transje di scharge of he flrs passage
24b, asPndiv g’t%éﬁseﬁ‘ﬁpl’fw € #ﬁgg@ﬁﬁiﬁﬁiﬂgbg‘é‘%g‘@rt evp gias tat this
point in th tyat [ ge 24a,

POt L1 N6l Ind Bt il t RSB 5 ﬁéé@%agﬁ?zﬁﬁ@bubm e’ 30

val ve 100a. cabsisg thepeessuie indide theubsbrvoitst/Gah €0ts orehuin &3 tie noasalggessiva i s

di cat ed As It b the f . th
1 ow ¢ hr ougioeine HsTelitaitert ol A nogiE Pt SR eHEPRMRE WRAEc oot od

particle of bR d1AREHEKHIDFLNES RakdiSy b iGBid floW ﬁﬁo@ﬁtﬁé@i?st%ﬂi& and the
second side passage 24a to be shifted perpendicular to its flow-12 13 0 C T

2006 WO163/ Wzmmmsmame phissagetZde oppositetie thediqred flowshewnThéhef | ow

resi stances to.the rreasu t the first branch 22a and the second
branch 22b |§°%W{§s%$1‘f§8n HJ( g’l'yé%%??'gﬁ Sdirection of the

Figure 4 illustrates the particle sorting system 10 after completion of the
switching sequence. The pressures inside the reservoirs of the bubble valves are
20  equalized, allowing the flow through the measurement duct 16 to normalize. As the
particle of interest 18b has been displaced radzally, it will flow into the first branch 22a,
while the other particle continue to flow into the second branch 22b, thereby separating

the particles based on the predetermined characteristic.

25 This process of detecting and selective deflecting of particles may be repeated
many times per second for sorting particles at a high rate. Adopting the fiuid switching
as described, switching operations may be executed up to around several thousand
switching operations per second, yielding sorting rates in the order of million sorted
particles per hour.

30

According to another embodiment of the invention, the actuator bubble valve
100b and the buffer bubble valve 100a may be placed in different positions. For
example, as shown in Figure 5, the actuator bubble valve 100b and the first side passage
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flowto and fromthe first side passage 24b and the second side passage 24a
has an appreci abl e conponent perpendicular to the normal flow tjh[?]ﬂu@ t he
neasureneg;o‘%ﬁ'% 16. This goal can for instance be reached by ‘the rst
branch 228 a K& second branch 22b so that their resistBREFSOYE6 ow i s

| arge in conparison wth the flow resistances of the first side passagée 24b

and the sec si, de ssag a. Fiqure 3, shows the particle sorting system
10 during tﬁgg ﬁ%ﬁ’gé@%ﬁ%ﬁgﬁéwﬁﬁsﬂﬁw and the Seeandaideassagsiia aR Derlece
particle of . h ' | passage
Dab and t he ‘DEnaRt BbmiHE EASh pBl 21 Tk BB MR B plecd M b suRalle

causi ng t he lgraties,usueh iid tlobefldvn ecsigaee botween Thaact7dor ¢hmmbet Ubnandthe baffepr nal

pressure. ri his reli ef ase there is a negative pressure difference .
betveon i he SHBbet 084 15t thgn e flow g ncee eaAY of diese tteg SRREpeRFIEs Mdqui d

flowt hr9u9%%li]egﬁf%sg%ri§§oﬁcg§v I\é%g\%?ﬁ;ﬁ%ﬂa?héﬁﬁ a%ﬂglc}rr&ﬁa@ﬁm alddfe DRFSA0e 242

opposite to previous figure and as indicated
by the arr owhambérgi{zandly bd plasdd aich shat e faw résidtamcs betweeg thats iclessliBamtheer
conpletion gf the sw ‘E,chi ng sequence.. The pressures inside the reservoirs

of the bubbifle%sistaace peiwsen agelaried particly Juda SWGseaventnairle m e ghoap of

measur enent 1 roal i -] ' s been
di spl aced rgg#%?‘?sy%h%ﬁ’ Omo'ﬁﬁlﬁvh? éﬁé;[?noﬁ ({?ﬁlemlf%? ?ljg% %@%ﬁﬁ%@?&ﬁmﬁﬁgﬁge ot her
particl e comtavagendratefllbgwhe atiavetdescriisdanethdd afiddfle2fihg a singiecdalectemetidle,ng

t he parilicl s based.on the predeterm ned characte i?]tic. 5 This process of

det ect i hY afprabp b%gp%wﬂeoa@sma%aﬁ P&P@gﬁé@ W afd Dgany tines

per secon gagfuggésgg@ %ﬁmsﬁaﬁ&@. &mg&hhﬁateﬁce ébdﬂw !réagstéﬂags ekt a

swi t chi ng sw t'chi ng operdtions nay be executed up to around
sever al thobhigrdlevslwiissiation opthe dluidio switeiing epemtion withladsaeiptaipressnee rates in

the order of mlliqgn sqrted articles._per hour. 30 Accqrding tqQ anot her
embodi ment _ GRAOHARES s e DY ARSI G I e sE OF e biom. MoweVemthe RSBy f or
bubbl e val v | i %Eﬁ 3 . Eféﬁgﬂ

shown in Fi gﬁ%l gg%ng?ﬁgggeg?hg?g‘%sﬁlgg}sgésﬂﬁ ?elfloo a’%%ﬁtvﬁeimf= |mr1 t m%gmﬁggsage

-13 1 310 Csort@0astwoils 0ampPAshE & phE3hiyIFTWIRBEBL0, each of which is hydraulically

and pneumatically isolated from the others.

According to another embodiment, shown in Figure 6, the particle sorting system

of the present invention may use any suitable pressure wave generator (in place of a

20  bubble valve) in combination one or more bubble valves serving as a buffer, such as
valve 100b. For example, the pressure wave generator 260 may comprise an actuator
such as a piezoelectric column or a stepper motor, provided with a plunger that can act
upon the flowing liquid, either directly or via deflection of the channel systemn, to
selectively deflect particles when the actuator is activated by a signal. Other suitable

25  pressure wave generators include electromagnetic actuators, thermopﬁeumatic actuators
and a heat pulse generator for generating vapor bubbles in the flowing liquid by
applying heat pulses. The buffer bubble valve 100b is positioned to absorb the pressure
wave created by the pressure wave generator 260 to prevent flow disturbance in the
other particles of the particle siream. The spring constant of the buffer 100b may be

5;0 varied according to the particular requirements by varying the volume of the buffer
chamber 70b, the cross-sectional area of the side passage 24b and/or the stiffness or the
thickness of a flexible membrane (reference 72 in Figure 7) forming the buffer chamber

70b.
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24b and/or the buffer bubble valve 100a and the second si de passage 24a may
be place upstreamfromthe branch point 21. The econponents mayfeglgged in
any sui taa,l(ﬁo_,,mlg%ﬁtion, such that the flow resi stance between the actuator
chamber 70b and the buffer chanber 70a is | ess than the fFoOWIF®&2iBance
bet ween any of these latter conponents and 5 other pressure sources. Mre
particularly, the actuator chanber 70b and the buffer chanber 70a nay be
pl aced such that the flow resistance between themis |ess than the flow
resistance betweeyy 7 igdRedoH Mddimnbe FAdafeS0DSEAMAL ForR@dting aSrbdtutdhe
stream of particl@®es. The positioning of the conponents in thi's manner thus
prevents a pulsstuseparateparticlesef iateeebt ypm bherirriielesimststrdasdofiparticies adfd/or

defl ecting a singl |l ected particle, 10 fromtyravelling ypstream or
downst r eam éﬁ&gaﬁ%ﬁgﬁ{%feﬁ g‘_)rtai’é‘“g%ﬁ gpss[u%pl,lléwcmd%g t"ptgF f‘%&ﬁ'ggs Pﬁ RECSERY eam
of partigl epvefibir 88Ehd¥d, Wl(bd‘isffbﬁﬂ\éd Ac%ﬁ%%es?d%&%%kﬁgte%tlh%r 94p hi gher

| evel of isolation of the fluidic swtching Operation th "associ at ed
pressure tfansdemtasubstate wheh {dadwicthemastereient dectilf. The side passage Pée

system Moreoyer, the in-situ eni of generated pressur ul ses
2ol 1 ed f or HEGHeh AGHu rdketace e L Paet Bust BIFFGFe Hihe site vl HabebaREse
conprising gﬁm&a%iﬂ%es?f?g%ﬁ?hﬁ&% i# Posifihdt &fjacthi Ghnd s°1d9§95rs§glal &80y and

pneumati cal 'y 1 sol at e others. Accor(in ng to anot her ‘enbodi nent,
shown i n Fi gommuGicatehavithathe side passage thmgughythe éimd inferfabe porte$haillushetve | on may

use any_ suitable pressure ve erator (Jh place o O bubble valve) in
conbi naﬁonc@qﬂb%go%gﬁ"“ﬁﬁgg@ée&a %é?’é%’]ﬁd’?% T304, 'f%ﬁ? ‘gl wd mhg e
100b. For eéﬁ@?h&agé 26 PHAS 3 WRiaY 85 IEMEHALAAceARPw EBRYhE S1aR bh@%ﬁ@ﬁh@ﬂ% uat or
such as a piezoelectric colum or a stepper notor, provided wth a plunger
t hat can acthamiponThhacthhionl2 depriespas the faxitle megibrams toyingeaseithe prefdueein on of
t he channel _syste to. .selectively deflect particles when.the actuatar is
activated bierhamEH P hicH friEo e TRl APTous RUdP A serif e
el ectromagneti c actuators, thernopneumatic actuators and a heat pul se

generator for generating vapor bubbles in the flowing liquid by applying
heat pul$es. TheFigiRfsbowbalsbitmgwnaddnde 3Qbaving amappropoate dupmdy dwetd2ofor he

pressure wave.gcreated by.th ressure ve nerat or tq,prevent flow
i ot ur bance PIOTRES SGramp paelfs Fue B et e du SRl asrrory
constant of oifi& daeif 462 LitAQQUT whth &8 bRUCRS SoticH NGhd Soriienmdanld spul ar
requi rements by varying the volune of "the buffer chanber 70b, the

cr oss- sect i dheakoing madtule Hecanptisep a detegtor 8yvitern  &/for sensipg peiticlasentering thte

thi ckness of 2. (16,0l & RRY 202, (52( 85 20CF, 42 R EhGHE ncllod 8RR 4°
20  for providing the required switching capabilities to sort particles. The first branch 22b

and the second branch 22a, Figure 1, can be disposed in fluidic connection with the

outlet duct 54 and the second outlet duct 56.

Fig. 9 shows a particle sorting system 500 according to an alternate embodiment
25  of the invention, comprising a plurality of sorting modules 50 that can be coupled
together in any appropriate configuration. For example, the modules 50 in this
embodiment are coupled in parallel. The outlet ducts 54 of the sorting modules 50 are
coupled to a first combined outlet 58, the second outlet ducts 56 are coupled to a second
combined outlet 60. The parallel arrangement of sorting modules yields a system of
30  combined sorting module 50 having an overall sorting rate of N times the sorting rate of
an individual sorting module 50, where N is the number of parallel connected sorting

module 50.
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70b. -14 13 OC T 2006 WD 03/089158 PCT/US03/12368 Fig. 7 illustrates an
enmbodi ment of a valve 100.suitable for creating a pressure pulsg0€b2006
separ at e Walgsjogdie¢ Of interest fromother particles in a sprppiisphsdarticles
and/or acting as a buffer for absorbing a pressure pul se accorél ng to the
teachings of the present 5 invention. As shown, the valve 100 is forned

adj acent to a si déigPEEsiagss 2paticle sedting syQeRESH 0l ddcdr tandtiRr whbsdimegads t o
t he measurement duct 16. The side passage_ 24a includes a fluid interface

port 17 for rasnmsisinga feséserting maduientDagdn geriggavith asecond speingagedule A0k eBhad

conpr essi on [, | bt | .Sy age 24a and
conmmuni cat esS%\?m&ﬁiS%trwgé) e gg%gﬂs) %@f%%@%ﬁ@%%ﬁ?%ﬁ%ﬁﬁfﬁ? g‘?ﬁggé port. The

i | ustrati vepré@etefinfibchatistérstic G REnddr diffseat théd il ytedetéintined tieraseristione
72. The carrier fluid in the side passage_ 24a forns a_neniscus 25 at the

i nterfacé beafitbepartiples spried binths fuel saring madule el pattirde slxeam enjers e first
. . . . |
whtch det 1 ecpuiieiibue sOEAROANES Subilf (BECE Ibnhy SRR et AT RARIDE"

fluid. 15 Figrtifles h\Estaypoof panclonciored 30 iHeatsiritdy mppiled0aahé egitiopl y duct
52 for providing a streamof particles to be sorted as well as a first

outl et duct thewughdheficstewuilel dugideeThuemamgme partieley exgt thgHirstsogting meduly t he

particles s ' It T ' .50 ri ses
B et oct or oyt SAGRABLNLNEhOPREK it id ineroliGe Bl ISR R B RIR. ' 0
via the 19uppob WaltHe sedombsuppBy ERe526.1 Proad this apifiesietidles, pafitdsGavihg tRD f or
providing the required switching capabilities to sort particles. The first

branch 22b ofher rredeteradaedicharastristio 28 soried apd ekit throygh dharsespud etlat dust Sdbdi ¢
connection w . p - . ki g, 9
shows a parti %&E@gma?ﬁéés%gagrﬁ# ggﬂl‘eg{g@&& %feﬁegﬁg“g&g"r? a tegsﬁg%l%&te%‘%g?j‘!liﬁgnt 25
of the i nvendorty moduprsiobivivgtha sedond autltyduet S6nr Thowg ofoedihas skill Wilbieaditn be
coupled together in any appropriate configuration. For exanple, the nodul es
50 in this SRYEFcHALanysatable synepfisartmemaedule S0 sppbeusadeindicanibs oonplsd t he

out | ot “doet s°Eed i TRrPLUR AR, Al b AT 60" e paral 1 6l

arrangenent of sorting nodules yields a systemof 30 conbined sorting nodul e

50 having an overall sorting rate of Ntinmes the sorting rate of .
Figure 11 shows a hierarchical architecture for high throughput-low error sorting

according to another embodiment of the present invention. The illustrated embodiment
is a two-stage particle sorting system 800 for sorting a plurality of parailel particles

20  streams in a first stage, aggregating the outputs of the first stage and then performing a
secondary sorting process on the output of the first stage. An input stream of particles in
suspension 80 from a particle input chamber 88 is split among N single sorting channels
81a-81n, each channel being capable of sorting a selected number of particles per
second. Each channel 81 includes a detection region 84 for examining the particles and

25  identifying particles that have a predetermined characteristic, and a switching region 82
for separating the particles having the predetermined characteristic from the other
particles in the sfream, as described above. The switching region 82 produces two
output streams of particles: a “selected” stream and a “rejected” stream in its switching
region 82 based on the measured particle characteristics at the detection region 84. The

30  “selected” streams from each channel are aggregated in an aggregation region 86 into
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

on a predetermined characteristic.
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an individual sorting nodule 50, where N is the nunber of paral{?l %@ect ed
sorting nodule 50. -15 13 OCT 1006 WO 03/ 089158 PCTI US03/ 12368 rBiCE. 0
shows a pyfd h%dsisg0rti ng system 550 according to another e L

conpri sing aﬂ rst sorti ng nodul e 50a in series with a secgﬁgﬂgor{?ﬂﬁg nodul e
50b. The second sorting nodul e 50b may be equi pped for sorting particles
havi ng a predeterm ned characteristic the sane or different than the
predeterm ned characteristic 5 of the particles sorted by the first sorting
nmodul e 50a. The p@Gitench# eath singleehierct sdrting procsts predudes sgmaeduat €) véta (¥ b ough
the supply duct 52 .a contain at |east, two types.of . particles. A first
type of par tqﬂogaé@%n]gﬁstn%é“ PRe prPaTfiFlebemg, ts?lﬁgteﬁamg%m%s@@?) Qgﬁ‘l‘} s
through the ée'léc%né),ldﬁ%]ﬁ%ra%lﬁéal %&e&ﬂﬁ: ﬂr@&@ie@hﬂ%v%%&fg? bG8 o_??f' forab@stﬁaée.r st
sorting nodul e 50a through second outl'et duct 56a and are inhtroduced into
the secorfd shietarchy assbasneodd o0 bn nistageitersebpn Fos epphypledifdhe §8gle charorel t hi s
'stream of particles, particles having.t ot her predetgerm ned

char act eri st EOTAME K hrn Bzéﬁtﬁgeeeﬂqr?tgﬁo‘géh%t%é’ngg HH?@utlet duct 54b
Particles that posses neither of the two predeterm ned characteristics exit

the second sorting nodule 50b via the second outlet duct 56b. Those of
ordi nary skill w Altematigklyythe amhieptiveeotlidiava pamiarabdte of Wertofg chanddlng

nodul e 50 can be used, .and .c be coupl ed. 15 together in a varie of ways,
ependi ng. k5t SHHRBIARLHABEFl; Loy (s hE pblisetion SIS Saps b CHPC i fave s
ar chi tecfgur epfr%é%nc@ 'irgﬁlethlrl;kglﬁ YohRL} aﬁ@éﬁh@% eRinrRP5drtdidhayRCE Ahdintign E&ﬁ'iﬁg P&é@ﬁr

enbodi nent of the prese invention. The illustrated enbodi nent
t wo- st age papariidespgoetomly Thestystem3d®uizbputan M* Nt ia patticied pergecohdpdhal | el

ticles 20 st inafirst st ting .t tputs of the first
O age and ¢ TRIPISGET BRHFIR "B BB AUy poaom P gepPaoe SE bl MEEBITER t he

first stage.|eAthhR Db 1194t AR PIHRAesRBEFdoalc@ Froni'N HdARAS 84rPRe ftcliby B dngarticle
i nput chanber 88 is split anong N single sorting channels 8la-8ln, each

channel bei nggcordssi chanpel. Sy incregsethswigbputcabone Nrdfz arie pustiadd ipexllpgroupecond.
Each channel i.ncludes a detection region .84 for amning.th ticles
and 25 | Hont Py PRI heary dranRdse CH e APaPr TG emarare A Mg o
sw tchi ng reg £ao ERmnerparati ng the particles having the predeterm ned

characteristic fromthe other particles in the stream as described above.
The switching region 82 produces two

Figure 12 show a parallel-serial particle sorting system 160 according to another
embodiment of the invention. The parallel-serial particle sorting system 160 includes a
20  first parallel sorting module 161 and a second parallel sorting module 162. The first
sorting module 161 is applied in multiple marked particles and particies having both
markers are sorted out and conveyed through the exit channel 165.

Figure 13 shows another parallel-serial particle sorting system 170. The first
25  parallel sorting module 171 separates particles having a first marker, collects the
particles from the different channels and conveys the particies having the first marker
through the first exit channel 175. All other particles are then fed into a second parallel
sorter 172 for sorting particles having a second marker. The particles having the second
marker are coliected and conveyed through a second exit channel 176. Particles having
30  neither the first marker nor the second marker are conveyed through a third exit channe]
177.
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out put streans of particles: a "selected" streamand a "rejected" streamin
its swtching region 82 based on the neasured particle-charact ¢3igg7im at

t he det eCE}WB’bsfo?ﬂké)n 84. The 30 "sel ected" streans from eac%bejc,ﬂg@?@%?sare

aggregated 1n an aggregation region 86 into one streamto again
in a secondary sorting channel 810. As shown, the secondary sorting channel

b edet or i ned charasPRRPEiFaTe Sy Boqihy ol bl Gy BRGE R B BRIRS R B 40360
G ven that eah®psatiolglsertipdyerRin Bmay inhdhgdeBefaes fordiQEhtns velecity, d6datibn aid/of at €

(y is a probability. less than one of a particle being "selected" b
m st ake) of rizsofipeRticlese| Themensuremang ofydodtys lncation apdior size Mgy depradguces an

| ower error rate - [ . o a

n- st age hier 5?%1 H@e&%ﬁygﬁfgﬁ&%ﬁl’ﬁfaﬁ Qﬁ ﬁgthg ip%ﬂe%c lé%%telqé 8%@%%?1&%&%%5 ) r115'/0 t he
2- st age eBr orpakallebchaaingl khked oystans; apshidwi in HigureAl 1l eierdifferet yhanhble may have
architecture could have Mprimary sets of N sorting channels . per secondary
channel . G vehifensnt flgwsesigignoes.nanging Wetelocity of iR partcles Pt pellsdn cplughanngldo o

corbing rat e ¥ Saaretrsvikys MEftR Bk A0S R ek Sedn GG R

particles perregiefi@nty aldistandeinjahe velocitnof the pesickgdh dgadiRenélrs INnehidek@bemper
second is N*x*z and so Nz nust he |ess than 1. so that all particles

aggr egat ed f rABSFNr Ehesi g switkdingpimesielayd G, hsstimg tedelag syHeh pgtuetinamslative To
I ncrease {k{hr ”r@gp / paral l el groups 15 of N primary
+ | secor% ar&gg%;%{he s.g%?g%?ilf)ﬁogﬁﬁo g ﬁﬁt?cq%hen conmes from MN*x with M

secondary channels. Figure 12 show a parallel-serial particle sorting system
160 according to another _enbodi ment of the invention. The parallel-serial

particle sorting SPdReHoRBerl syetemear detecting eollsar nasticlss, the egiopinFhighdhee 161

and a second r ly; ' 2. ' I S
applied in mﬂgﬁ icge}age%nhgl Eélg ltﬁﬁ%@%ﬁ%tgdéﬁ% t%%??tf%tf&en:}e a\E/)l i%glr}%ggﬁ%n%régétgﬂ are
sorted out arsizedbhavihyaibetdinael iimeee XTHerefbmnwailen light is detpated i thesduteusion

anot her parallel-serial particle sorting system 17Q. The first .25 parallel
sorting redultegenithe gplh may s agywhers ip dheggion Atditiieniidepmpaint the exact he

particles frogfdg Hild &M HRHNGhSe AR HRMERY R0k REarRASikEIS bEsn BAdaTg t he

first marker
detector could be packed across the detection region, but this would have a large cost

and require complex support electronics.

20 According to an illustrative embodiment of the invention, an optical mask 140
may be added to the detection region to provide accurate velocity detection by
depositing a “masking pattern” directly on the sorting chip. The masking pattemns can be
deposited so that an edge in the masking pattern is precisely located (to < Ium precision
with current technology) relative to the cell sorting actuator region 82. A single optical

25  detector catching light from the cell in the detection region 84 will see light when the
cell is not masked. The duration of the light being turned off by one of the connected

opaque parts “bars” of the mask of known length gives a measurement of velocity.

A mask pattern that has several bars 141 of size ranging from 10um to 30um in
30  1um 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
independently 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
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through the first exit channel 175. All other particles are then fed into a
second parallel sorter 172 for sorting particles having a secoft Eﬂf?ﬁﬁﬁ

The partiﬁ,l0 Qﬁ\té ng the second mnarker are collected and conve g ugh a
second exit channel 176. Particles having 30 neither the fYCEVSHEI6Er nor
the second marker are conveyed through a third exit channel 177. -17 13 OCT
2006 WO 034

i nvention, Iggl%mj‘é%ﬁﬁg%ﬁrﬁg%/ ﬁ%@ﬁﬂ%ﬁ%ﬁﬁfy ﬂ?%ﬁe&ﬁggtﬂ?ﬂﬂé s%mﬁga@%’yag]? gvr% may

i ncl ude senﬂw@tdmtmﬁmfy ezrhwdigo @i thy maskdd0i dinthabdysdd1 vserzelldie saaret thel es.

The neasur egent .of eI (o] ion and/ or size Si Itaneousl
nen o aes TRt Kt be o e t6e s 28 ppe, G oy tefl Bk ety ¢ . 0
5 parallel Etﬁ{éﬁ ”g?ef%é’féré %S &d1Bnt n?a%k%ﬁﬂ% Wil Aogs ﬁnél%’deﬁeﬁﬁr ?dkaI?gr

channel s may ferént” flow resistances, causing the velocity of t he
particl e§ obreadiregon (sevaxh tivles theedizetaf a d@ﬁ)tbmtaumﬂle vlelocstysaf thexellhmessutde

detection region 84 |s se fromthe hi |on 82 - a di stance
L, the vel ogl%teg?‘aﬁffpc’tsﬁ@ 3?@} e‘g’t‘icﬂo’ﬁ‘ ﬁf'eg‘?,‘hgwﬁ’étf "%T Pﬁ’o"\?ﬁﬁv‘?'f?@?der
to set the Sphinehd h&b%{f’fﬂe%&u{mf locBtion Bﬁ' P'a‘ﬁﬁ 1&é?m‘i‘§e&ﬁ\ﬁlz%"8ftﬂ?@ceﬁctbuat hon
relative 10 to the nonment of detection of arget particle). In nost

opti cal syspersidogiverbythd grgdientl pattenx: ’Eimrgra@bﬂwaaim@()reé@mnha detedtorcth t he
cell creates |i on the phot o, detecto |nth det ec ion wll have a
e th or oat oreatiia thedn patmee [lgbeHiont Sript yeasoas Sk Pehe S an e gt

i s det quednhﬂrgmhgg%,ﬁggmgﬁct@ltgggl on, the cell may be anywhere in the

region, making it difficult to pinpoint the exact |ocation of the cell. To
provide nore accurate detection, nany p| xel s of an optical detector could

b ked t t | d.h I t d
eahir o compl o SRt R riEestbsmn el Air AR S PR R AT
enbodi nent  gbsitibe aﬁd‘&ﬁ%lb&fy oﬁﬁaeﬁ‘ﬁélb ihe St 4 0om Bchaatdsd @et he

detection region to providé accurate vel 00|ty detection by depositing a
"maski ng pat@aethgs df theduveption. Bhitadodeviery achieadily henilhiskdnddnpwnite fhwse ofin be
depositig ﬁﬁ]c ctﬁ |n the masking pattern is precisely located (to <
| um precr si 8 ths H “technol ogy) relative to the cell sorting
actuator region 82. A si ngI e optical 25 detector catching light fromthe
cell in the detection region 8 wll see |ight when the

According to another embodiment, shown in Figure 15, the particle sorting

system comprises an array 8000 of non-identical sorting channels. The use of a parallel

array comprising a series of non-identical sorter channels 810a-810n 1s more efficient in
20  terms of space, use of optical power and adaptation to optimal external actuators. Since

the velocity of particles can be accurately sensed using a sensor as described above, the

channels do not require a fixed delay between the detection of a property and actuation

of a switch to deflect a particle having the detected property. Therefore, certain

parameters of the channel, such as the distance L between a detector 84 and a switch 82
25  or the shape of the path between the detector 84 and the switch 82 can be varied.

Using a single laser for each wavelength optical illumination directed
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

30 Figure 15). However, the active area where light can be absorbed to create fluorescence
is only the area of the channels: (number 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.
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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 |ength givéd 08T 2006

measur enggh o9hsoye ocity. A mask pattern that has several %éﬁé of size
ranging from10umto 30umin 30 lumsteps results in only 3% ze

| arger than the cell mnimzing the signal fromthe cell. Therefore, such a
pattern can al so be used to neasure the size of the cell independently of

its signal. Such a "gradient mask" al so produces a pattern in the optical
detector that caThoefereaiymErizing thedaewhennad spaiiny irsepanid] spitmegssysiem iseduci ng
the variance -1 CT 20 D 03/.089158 PCTI US03/ 12368 .in the.yelocity
cstimate. THEPELE B fhepheflaieclifh R BELPRpa| HEthekiciney dndee it ho
det ect or toahqﬁaégiéxyo%% r&BEnlehtioR SsHKn Hifhre 16, iH2SpRahS oftht WBERIGhH! the
sane, the Ilight signal for each bar would be the sane, and one could only
tel | theh aple detdnfiongegjor 8¢ approhehes tivr widtlnofthadhamiclayas khap ightartilizatiba  al | ow
a single detector, |opki t 5 broad regi.on (several t. the sjze of a
cell) to modBRRoRcher 8bow o hsRhumer crein if s fpiustoREEion 3mSRy biten

i nsi de the detggtd RIFiERRI ) B 19 4on 3PQhatb D OLIBRL BleXhafufdi RldyVdlsd Bt t he
channel structures and the actuator |ocation on chip and 1dentify the size
of the cell vaned wrmakesi hngagiavaitabbyratiive for exdi¢reat drpat tenaiorsThe gr adi ent nmask
140 allows the detector to neasure these paraneters independent of the
magni fication of the optical systemor the 10 nature of the optical
detectoygpitsel f. ](HEQIaﬁEBlle'a?rgy'SDOG Hﬁy%[sb iMélhdle MBERERA AcldbRll RhMRSs ABVi ces
for measuring the size, position ahd or velocity of a particle in the
sorting sysbelméing flovorediataneeswiftabl thirehannelaco ity giveh atdoastantessuondroBui t abl e

devi ces are readi ayai | ab).e and. kno .0, those aof rdi.nar kill in
T omy s et wl e g ElRGite AL RutiOleh B Weary angthel SR8 i 1 cl'e
sorting syshgs &%Pﬁf)s‘h%‘émad} &%ﬁﬁeﬁggﬂﬁfillﬁ%ﬁté%hﬁﬁh, Ak ﬂﬁ:&e@iﬁﬁnne| S.

The use of a parallel” array conprising a series of non-identical sorter
channel s 81batveothe deteators apfl brtuatore. Asnthe denpthssi betwegraaash charmebs detectiaml

ower a adapt ation t.0 opti .extern actuators,, Since th | ocity of
e T G R N O S S S I D AR S
channel s do veRkity 86k s8ma titlexRdhé 8tamilaionaRparldi WEE phitRies®b keePproRRies Y
and actuation of a switch to deflect a partrcle having the detected

property. Theriapwved celdsorting system.

Figure 17 illustrates a particle sorting system 1700 according to yet another

20  embodiment of the invention. The particle sorting system 1700 includes a plurality of
sorting modules 1701 operating in parallel. The system 1700 includes an input region
1710 for introducing samples to each sorting module and a detection region 1720 for
measuring a predetermined characteristic of particles each sorting channel 1702 in the
detection region. The system also includes a switch region 1730, including an actuator in

25  each sorting module for separating particles having a predetermined characteristic from
particles that do not have the predetermined characteristic. Asshown, in the
embodiment of Figure 17, the sorting chammels 1702 distance between each sorting
channel in the detection region 1720 is less than the inter-channel distance in the switch
region 1730. The close spacing in the detection region enables cost saving when a laser

30  isused to detect the particles, while the more distant separation in the switch region

1730 accommodates various sized actuators.
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paranmeters of the channel, such as the distance L between a detector 84 and
a switch 82 25 or the _ghape of the path between the detector 847gpHihe

swi tch 82w@ad3,?§5>l-gari ed. Using a single laser for each wavel ength opti cal
i 1l umination direct ed per pendi cular to the chip, the | a\é@?q’gs{g@ﬁﬂﬁsr ed to

i1lum nate an area defined by: (nunber of channel s)X((channel w dth at

det ecti i i_nt h I j C -See .30 Fi 15). Ho :

the active area HEIE HiGHCBaN R 6L PBYAeGRE e n e8P DRBREONE ~oni y
the area of 1t7a¢ fehapaing the roBéss OTABRSHS) AU L basell @h)preddiirfifinddeaves

a fill factor of: (channel w dth)/(channel wdth + C). The fill factor is
pref erabl y chageterighc tpopoeess the ecyragy af ithayscating prsess. iAgsarding wmne -19 1 3 O

C T 2006 WO _03/089158. PCT|, US03/ 12368 Ther ef ' h |
Spacing i e geRinel he S ey s Er e pod SR el b A ek Be rhEbE s T o
regi on apd QRindiRlsodinginfitukisi 17701 ahe the deboridagy ﬁtﬂfﬁlgbicﬂulmw}foﬂ@ﬁsﬁfbnﬂ{%t he

present invention, shown in Figure 16, the spacing of the channels in t he
det ecti on r dieg pHtigles fepr baphewry sting gracess tothesespadam isertingdredsas | i ght

utilization , appi. hes. out 50,9%,. Th han i-Ng i Lactuation

regi on 82 nﬁsﬁlccgg&ﬁé?ogaé}l}ﬁgﬁagwg ﬁg'\}\)ﬁdllnrlfn% tg‘ﬁ %ﬁﬁﬁné—fﬁ%@g{?%ég |%%n%g*°n§?}%at ors
26 al ong t heafiltddng refdying ekBesd @arrica fiugTirbM thBjsertidles BeBRE padsiig tAOhALIEREI US
for external driver actuators. 10 The variabl e array 8000 may al so include

neander s i n t@#iceseeenilachsoiiieg mofwle 1748, Bircenyighmesivagios ElS8aesaled inglude@he

vor oot t 185 peRieRdEFs B BRtom Rl o iR R By el a e T

upstream or cfifiiaEftaagioR 1750 mal cbmptise@l afnihirateiiberteddnto ddilet chabhiél 1709] 40
bet ween the detectors and actuators. As the Ien?t hs Li between each

channel ' s depgehment channebijitercatng thheutlat shanneli LG andey membravsippaating thpe
design, the olBgrHafind %%%%&1&%%@%@% %kf?é?s% el ﬂgielgis $aMiGved 75 3% L e

determ nati on regar par €ep provi an 1 nproved cel |
sorting systsagambifgeledied parkicles & thatobfleiachaatidlilgns tisough g satabane dodidito
accordi ng to yet another 20 enbodi nent of the invention. The particle

sor t i ng }3ystthdenrichment ehangelbelorp passing thy sglected pagticlss iptedhe secondasy sefiELat i ng
in parall el 'mJtﬂﬁe ﬁfd em 1700 includes an input region 1710 for introducing
sanpl es to each sorting nodul e and a detection region 1720 for

A suitable system for forming the enrichment region is described in Attorney
Docket No. TGZ-023, filed on even date herewith, the contents of which are herein

20  incorporated by reference.

According to the illusirative embodiment, the removed carrier fluid may be
recycled and fed back into the inlet of the primary channels. A recycling channel or
other device may connect the enrichment region to the primary channel to allow re-use

25  of the carrier fluid for subsequent sorting process. Alternatively, the carrier fluid may be
removed from rejeéted particles and introduced into the primary channel inlets prior to

discarding the rejected particles.

The present invention has been described relative to an illustrative embodiment.
30  Since certain changes may be made in the above constructions without departing from
the scope of the invention, it is intended that all matter contained in the above
description or shown in the accompanying drawings be interpreted as illustrative and not
in a limiting sense.
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measuring a predeterm ned characteristic of particles each sormjmrpﬂﬁpna
1702 in the detection region. The systemalso includes a switch region
1730, inckgPspogian actuator in 25 each sorting nodul e for ﬁ@ﬁﬂ&ﬁ%kﬂg
particles having a predeterm ned characteristic-from particles at do not
‘have the predeterm ned characteristic. As shown, in the enbodi nent of
Figure 17, the sorting channels 1702 di stance between each sorting channel
in the detection region 1720 is less than the inter-channel distance in the

switch region 1t3valsoecbeunsicrstensbibatiye follavhag ¢lims aiedn coreyi adlecapaphed cost

savi ng when_a | [ g used . to detect.the panti.cle i t he
di st ant sep%’?%@?ﬁaql%gtohgmle?né nr‘%iﬁrbﬁh hfrf%b égfgﬁﬁgﬁg %@0%-/ Fis8Y serB[s{Ji'[g%d
actuat ors. m@éhtiondwkicH, 2 A0HatWe of T8 i FlE Wl dafiBio 2l BferebdiRednar ti cl e

sorting system 1700 may al so i ncl ude a secondary sorting nodule 1740 for
repeati g the sorting process of detecting and sorting based on a

bt acess, | Accor of NAVEE CoiesoRsRveion PAE & PBeBRTHEGSY ot e, e

regi on 1750LaekryR@entiie array of 5 primary sorting nodules 1701 and the
secondary sorting nodule 1740 for transitioning the particles fromthe
primary sorting process to the secondary sorting process. According to an
illustrative enbodi nent, the enrichnment region 1750 transitions the
particles by renoving excess carrier fluid fromthe particles before passing
the particles to the secondary sorting nodule 1740. The enrichnent region
1750 may al so include a 10 hydration device for addi ng secondary sheet fluid
to the particles after enrichnment. The enrichnent region 1750 nay conprise
a menbrane inserted into outlet channel 1703, an enrichment channel
intersecting the outlet channel 1703 and a nenbrane separating the outlet
channel fromthe enrichnent channel. Excess carrier fluid is renoved from
the stream of selected particles in the outlet channel 1703 through the
menbrane and into 15 the enrichnent channel before passing the selected
particles into the secondary sorting nodule 1740. A suitable systemfor
formng the enrichnment region is described in Attorney Docket No. TGZ-023,
filed on even date herewith, the contents of which are herein 20

i ncor porated by reference. ‘
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According to the illustrative enbodi nent, the renoved carrier fIMWﬁ be
recycled and fed back i.nto the inlet of the primary channels. A'recyc Eng
channel ofyo @feisgdevi ce may connect the enrichnent regi OnPE?ﬂI‘SEB‘?u?& mary
channel to allow re-use 25 of the carrier fluid for subsequent sorting
process. Alternatively, the carrier fluid nmay be renoved fromrejected
particl es andigimkr oduced into the primary channel inlets prior to
discarding the rejected particles. The present invention has been descri bed
relative to an illustrative enbodinment. 30 Since certain changes nay be

made in the above,c ructions.wthout. departing from the scope of the
invention, it is ﬁr?t%g%gee%x%f%ﬁ% FEtHEM5cont ai ned in the above description
or shown in the agffpHadforénie 'a@&eﬁﬁoif@ﬁsgeﬁd@twasﬂddmﬁm@ﬁ@ and not
inalimting sense. -21 13 Ocr 2006 WD 03/089158 PCT/ US03/ 12368 It is also
to be under stopadisingan injes & Bist ovileignd pagaendgetle o cover all generic and
specific features_of t iLnvention.described rein,. and . akl _ statepents of
the scope of the * SSRET B4 4 RdEREhE AR GR i To B R e BN, O
fall therebeindesveloditytdda pagticlescri bed the invention, what is claimed as new
and protected by Letters Patent is: -22 13 0 C T 2006 WD 03/089158

PCTI US03/ 12368 ~ & &idpghannelinsemmeieativgrithne Sistedist. conprising: a first

d f i f Sk d | Cl: ' ' liguid, 5
compr i i ng-an- i r FFRBR kT ARE AHERE I FEntnd, SBbilhe bl

sensi ng 1@ prixgdatfems Deenichrriachesils thantlno demirite ithd farRddhamberofomd tid ze  and
a velocity of a particle; a side channel in conmmunication with the first

duct; a seal@meHiHtcdpositi oned adj acent to the side channel, wherein the
carrier

an actuator for modifying the pressure in the sealed chamber to deflect the
meniscus when the sensor senses said predetermined characteristic, whereby the
deflection of the meniscus causes the particle having said predetermined characteristic to
15  flow into the second outlet while particles that do not have said predetermined

characteristic flow into the first outlet.

2. The particle sorting system of claim 1, further comprising a buffer for absorbing
pressure variations in the first duct.

20
3. The particle sorting system of claim 1, wherein the actuator comprises a source

of pressunized gas.

4.+ The particle sorting system of claim 1, wherein the sealed chamber comprises a
25 . movable wall.

5. The particle sorting system of claim 4, wherein the actuator comprises a
displacement actuator for moving the movable wall of the sealed chamber to modify the
pressure in the sealed chamber.

30
6. The particle sorfing system of claim 5, wherein the actuator comprises one of an

electromagnetic actuator and a piezoelectric element.
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10 fluid fornms a nmeniscus in the side channel to separate the seal ed chanber
fromthe carrier fluid; and an actuator for nodifying the pr % T Dﬁﬁn t he
seal ed chpghshsdisy defl ect the neniscus when the sensor Seﬂﬁ‘?gsog%gs
predeterm ned characteristic, whereby the deflection of the nmeniscus causes
the particle having said predeterm ned characteristic to 15 flow into the
second outlet while particles that do not have said predeterm ned
characteristic flowinto the first outlet. 2. The particle sorting system of
claim1, furfher dompro&bnepted parfitlesoftng sybisoy, bomgrisipgessure vari ations in

the first duct. 20, 3. .Th article sqrting.syst of claim wherein the
actuator conprise8 iﬂsdé’ﬁf@ corb‘feywrgeas%ﬁ% ué%?%%?f"ﬁﬁ s sapithed 18 agrsTh g
system of cl gipidlcoMfi@digd &h o, SAAk 8Gt&haThEcaRIMUIetes a 25 novable wal | .
5. The particle sorting systemof claim4, wherein the actuator conprises a

di spl acen®ent act uatsesof for mensinmg a Melopiby abé pamtiglet of the seal ed chanber to
nodi fy the pressure_in the sealed chamber. 30 6., The. parjicle.sorti )
system of claim _5?11\%&1}?@F RSN ] 5%%?B@e%wn8€°§ﬂ“t@%5ttptg%net iC
act uat or andigo Bieake@lEsitet Whlb pERRles thid Ao hod hSvdEald ARAGMNRHOBERRHBSstic

PCT/ US03/ 12368 7. A microfabricated particle sorting system conprising: a

first duct f8ewonioibyifing oatlett ream of suspended particles confined in a
carrier liquid, conprising an inlet, a first outlet and a second outlet; 5
a sensor for nmeasuring a velocity of a particle; an actuator for causing a

particl eiavgng aApmessfBheiteRpartbRsBaIR Jysleht cb@pfikiay into the second
outlet while particles that do not have said predeterm ned characteristic
flow into the firsdirguluckfor cavegingr sifeanodyspoded papighasicondnaldnta carigry st em

conpri si ng: liquid, comprising an inlet, a first outlet and a second outlet;
a first sensor for sensing a predetermined characteristic in a particle;
a second sensor for measuring a velocity of a particle;
15 an actuator for causing the particle having said predetermined characteristic to
flow into the second outlet while particles that do not have said predetermined

characteristic flow into the first outlet. ‘

9. The particle sorting system of claim 8, wherein the second sensor communicates
20  with the actuator to determine when to cause the particle having the predetermined

characteristic to flow into the second outlet.

10.  The particle sorting system of claim 8, wherein the second sensor also measures
the location of a particle.

25
11. A particle sorting system comprising:

an inlet duct through which flows a liquid containing particles having a

predetermined characteristic and particles not having a predetermined characteristic
wherein

30 a) the inlet duct branches into a microstructured system of a plurality of main
chammels which are operated in parallel and simultaneously fed with the liquid, each
having a sorting module, two outlet channels and a switching region for separating

particles having the predetermined characteristic into a first receiving channel from
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a first duct for conveying a stream of suspended particles confined in a
carrier liquid, conptising an inlet, a first outlet and a seddndClolltl et; a
first serw@hy{,ﬁ?qsssensi ng a predetermined characteristic i pcaaR@shigse; a
second sensor for measuring a velocity of a particle; 15 an actuator for
causing the particle having said predeterm ned characteristic to flowinto
the second opirieles tHat U6 nBelidvie theepretitraimialed dpdradianfics dhithHldd &ite b Rkdoad
characteristic flowintgo the first outlet. 9. The particle sorting system of
clai m 8, wherespivingrhagealosd sensor communicates 20 with the actuator to

determ ne when to : rticl.e | '

characteristic tob %%\ﬁv%ﬁlttgg uﬁﬁg&sn&lglﬁg%ghe?# eot&lg%f%rsgﬁi‘%g%p]g(}l{]‘?ég?%s %%drt I ng
system of cl élassifies thé particles heing BeoRddaemsantd clSactemanuiaiged ditedcig@dihon of
a particle. 25 11. A particle sorting systemcaonprising: an inlet duct

t hrough whi cehappehigside piseftiing meesilaiafeerdssniar avhich mgasuses the vploeiepethgi ned
characteristjc,. el . ' . r.m k Syl C
wher i 30 af EEREEpARG U PRt LR AU REA R AR ERCAARL REDESIY
plurality of edehisaid sehssraelafigothdrCénchrsaidapbichtugil, édthpaidabltilg aathtor

simul taneously fed with the liquid, each  having a _sorting nodule, two

out | et chann@isgibafag padigies baying thepicdetergined ehpspcienisiig to 9ue of said Evaaytlgig t he

pr edet er m ne LStl.C | f S IPVA fr 13 OCT
D006 V0 031 0 PAE BEl PRl ikl ind et Herdr Ao RRAPE mbloplr ot it

pr edet er g netivebatledehgmert i c, which flow into a second receiving channel;
and b) each switch unit conprising at |east one first sensor which detects
and classifies the particles having the predeterm ned characteristic
arranged on ch | . | ns] . It -f\tc‘iv%e r

whi ch neasur 22;1 thgﬁég?rgg}ef%ﬁg}%e%yﬁ{eeﬂ%gﬁ@ g@‘ﬁﬁae\%ﬂgg ‘!éiesglr e et%gﬁ%%ﬂag
char act er i st bo eadhdndinhivineh (5 hheatdto £Lspphratd hmdinng chemsd faathe patioker

arranged on each said switch unit, .each said _sorting. actuator .
g ﬁav(ing a predctermgne charactenst?c and part?cles not hagmg a prectletemuned

15  characteristic selectively distributed to it.

13. A particle sorting system, comprising
a first duct for conveying a stream of suspended particles confined in a carrier
liquid, comprising an inlet, a first outlet and a second outlet;
20 a first sensor for sensing a predetermined characteristic in a particle;
a second sensor for measuring a position and a velocity of a particle; and
an actuator for distributing particles having the predetermined characteristic to

the first outlet and particles not having the predetermined characteristic to second outlet.

25 14. A particle sorting system, comprising:
at least one primary sorting channels through which flows a stream of suspended
particles confined in a carrier liquid, each primary sorting channel having a detection
region for detecting 2 predetermined characteristic in a particle and a switching region
for separating particles having the predetermined characteristic into a first receiving
30 channel from particles that do not have the predetermined characteristic, which flow into

a second receiving channel;
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distributing particles having the predeterm ned characteristic_tq_one of
said two outlet channels and particles not having the predet%ﬁr@iﬁﬁéaﬂﬁ

char act eRy§higsoig the other of said 10 two outlet channeIP%T/[;IS%M%;gg
particle sorting systemof claim1ll, wherein each of said two outlet

channel s on each main channel is connected to a separate summ ng channel

for the partiCleSaI.lQ@E%ioﬁr%gg?&re«{g?dﬁﬁn§ﬁﬁrﬁ?ﬁ&éé%ﬁggﬁgﬁ{ hfle@s not

havi ng a predeterm ned chatacteristic selectively distributed to 1t. 13.
A particl e scidraoigistipdteamthedonirecsiving chadnelst duct for conveying a stream of

suspended particles confined in carrier | i conprising an.inlet, a
iTet outl ot and & GHUDAS (e or SEStng » yolodingalreg haiel Afagngng tie
predet er m neﬂarﬁbﬁé ash éﬂ:%?ﬂr@dété}nﬁn&%ﬁakﬁtﬁisﬁ% aﬁ%ﬁ&@%aﬁﬁ:‘lb%q{av{n%rthgeasu“ ng a -

position and a velocity of a particle; and an actuator for distributing
particl esS hapiedeietrhime chatactensticraeel agdragaied;anidstic to the first outlet and

A parti ol e sofba OB SeBATAY SHE SRR 1 Sies UG PRF RO PRBE g
channel s t hr gighr"oirkl Elaan8ls TordolIBaiRgthe SHSRBD Poicled Foimk MeShuGRAf dfRE I N @

carrier liqurd, éach primary sorting channel having a detection “region for
detecting a putédehameisraad scpraating particles i tha secopdaryi sottingidnnel havingthag

region for segaratin articles. havi,ng the. pr.edeterm ned characterjstic
P 111 st PEDRERYARG cBEAHINRITOT DU BErtci B8 O OB SOIR S Ehe
predet erpg ned characteristic, which flowinto a second receiving channel;

-25'1 3 0 CT 2006 WO 03/089158 PCT/US03/ 12368 an aggregation region for
aggregati ng ihe pahe systas ofickrimd4s Wherpndle enrichmend regémreaaves exedsscdrriom t he

first receiviyn hannel s.. .an_enrigchnent  regqi for. adj.usting a vol une of
carrier i qubal%stgorr’fl@Eﬁ%ﬁrﬁﬂe{hae“n%ﬁﬂﬁtﬂrﬁ%?rﬁ%%]%atcﬁ?s f-edet er ni ned
characteristic after the particles having the 5 predeterm ned characteristic
are aggregated; and at |east one secondary sorting channel in series with

the plurality6of Bhe systesn of phaimdfywherein satyl dHeash enspiimarysorting-ehiangelt he
sel ected partl ol ess BT AR PRl hhidad sorife thamels.

17.  The system of claim 14, wherein the enrichment region comprises:
an enrichment channel intersecting one of said receiving channels; and
a membrane separating the enrichment channel from said receiving channel.
20
18.  The system of claim 14, wherein the enrichment region comprises:
an enrichment channel intersecting said aggregation region; and

a membrane separating the enrichment channel from the aggregation region.

25 19.  The system of claim 14, wherein the enrichment region comprises:
an enrichment channel intersecting the secondary sorting channel; and
a membrane separating the enrichment channel from the secondary sorting

channel.
30 20. The system of claim 14, wherein the detection region of each primary channel

comprises a sensor for measuring a velocity of a particle in the corresponding primary

channel.
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outl et channels and separating particles in the secondary sorting channel
having the predeterm ned characteristic fromothet particles §H0fhelis

secondar \woeesksdiss channel . 10 15. The system. of claim 14, yhgp§isiidae
enrichment region renoves excess carrier fluid fromthe particles having
t he predeterm ned characteristic. 16. The systemof claim 14, wherein said

at | east onelpri Mee/syS@i bf\¢laieh a4 TattheronRidigi 5dsationtevice!fbot adag par al | el
primary sorting channels, 17. The system of claim 14, wherein the enrichment
regi on” conpriesauiaryaeareey fleidie Hie paviclaeafior theemichmentregind. of sai d recei vi ng
channel s; and a nenbrane separating the enrichnent channel from said

recei ving channel. 20 18. The system of claim 14, wherein the enrichnent
regi on conpriXes: Thesgyseni ofé1a%mn 1 S,daAhéralonipiisiipzeetydlihgschatha gomegah ¢ie
region; and a nenbrane, separating the enrichnment. channel fromthe

aggr egat Pon §ighyent regionig thempramary spgingshapnel ifox ipfrodyging s9id remeved sheathnent

regi on cConprS8S$at ﬁqghgnﬁfﬂ% aﬂﬁ? el intersecting the secondary sorting
channel ; an lg ne%@?a e's paraging e enrichnment channel fromthe secondary
sorting channel. 30 20. The system of claim 14, wherein the detection
region of each primary channel conprises a sensor for neasuring a velocity

of a particl?-in 4martkds sUEPS AYHHE GHMIASHE: charnel. -26 1 3 0 C T 2006 WO
03/ 089158 PCT/ US %gﬁgﬁ ?‘? A gf 'Elna;lc oLk | Si
hydrati on devi ceo%é)lr a Pgé&ag%i@gln a 3%%%@%? ul ﬁlt%‘ oﬁglkgﬂ%grgt% :gg%ré 0219 ter

t he enritOhmesukpended pacticER .corfimedsiyi it caniafiiquidy iesehlfrimbnyr sobting cranplilaving
recycling channel connecgt nge the 5 enrichnment regiqon . to the primar Y sorting
channel for qeitcigndieieriadetroiings peiclampiiad chpragietsiia it PHECISARARNFIoHYt i ng
channel . 23. dik 6l L AGetSHSihE IS NG i |3 par al | el
primary sor t?%ﬁanneﬁggﬁé%ug%%cﬂﬁaﬁ% a st ggamdc%wg%élw £

separating particles having the predetermined characteristic into a first receiving channel

from particles that do not have the predetermined characteristic, which flow into a

15  second receiving channel, wherein the primary sortiﬁg channels have a first separation
distance in the detection region that is less than a second separation distance in the

switching region.

24. A method of sorting particles, comprising:
20 conveying a stream of suspended particles confined in a carrier liquid through a
first
duct having an inlet, a first outlet and a second outlet,
sensing a predetermined characteristic of a particle in the siream;
- producing a signal when the predetermined characteristic is sensed;
25 measuring a velocity of a particle having said predetermined characteristic; and
distributing particles having the predetermined characteristic to the first outlet and
particles not having the predetermined characteristic to the second outlet, based on the

steps of sensing the predetermined characteristic and measuring the velocity.

30 25. A method of sorting particles, comprising
conveying a plurality of streams suspended particles confined in a carrier liquid
through a plurality of parallel primary 501\'ting, each primary sorting channel having a

detection region for detecting a predetermined characteristic in a particle and a switching
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10 suspended particles confined in a carrier liquid, each primary sorting
channel having a detecti.on region for detecting a predeterm 'eadgm 006

char act GW§6§6&9L§9 a particle and a velocity of a particl ¢ch bj)gzg,g}ue
predeterm ned characteristic and a switching region for separating particles
havi ng the predeterm ned characteristic into a first receiving channel from
particl es t hregion fomsepathting pattielep hadeg trapmdetcmiiacd charadtetists, inted Gist f | ow i nt o

fiTot separ AFTOAE HParahaam riridle: Bat Suin Jror S oL R °
second separfRiv Mo fissdoAl ¢6ceiving BRanneW t Chi ng region. 24. A nmethod of sorting

particles, conprising:. 20 conveying a stream of suspended flE)arti cl es confined
in a carrier |iqueparemppaticles hiving thejpredetermined) charagtemsiic fram partisles dbat|dot

and a segond out | sensi ng redet.erm ned characteristic of a particle in
the stream “"gﬁ%‘é?ﬁ%?Rﬁe%s%ﬁ’ﬁ}?aﬁgémﬁ?“ﬁﬁ% predetermined characteristic is
sensed; 25 measurdg gﬁtiﬂ%{}ﬁﬁja}ﬂcléﬁcha@iﬂ@ﬂlé pedRtRMALhaACEErRAE HohrhBifRad '
characteristic; an di stributing particles having the predeterm ned

char act er i strgesiviog channklsrigtangggiegaticorggiopar t i cl es not having the

predet erm ned charact.eri stic to.the iaco(?d out |.et, . based or}\?the

f
sensing the preddfBFHREY oAy af camierdiqu 5‘%‘“}?«9&!{}?1?#? g g’l“@é?‘:fs;?pismoz&

A met hod of pedetdrRindddHat kR fstic GRBINE %hﬂﬁle@%\&_ﬁ%‘ tﬁgﬁitdedeﬁhﬁieﬂrcnm@&eﬁ&t{oeans
suspended particles confined in a carrier |iqui through a plurality of

par al | ellOpr ian@pgeregated;ng, each primary sorting channel having a detection

region for det ecg{;iogg%yq&gg!edei%@é%ﬁ%é%lar act /relﬁi%iff |0 c%‘%@é*ec'lsﬁ(f‘ﬁﬂgug%
switching -27 1 fﬁ‘é%"@ r n
separating paRidakCdiRSebdan@sdriify a6l i@rseii eeeith fiad platRity 6f palld) ipPindury i I St

recei ving channel fromparticles that do not have the predeterm ned
char act er i stsoginggashels;fangw i nt o a second recei vi ng channel ; separating

particles having the predetern ngd char eri:stic rh that .do 5
ot have the. pr adShaPi e REieR b S RieRs) SrhL Lmnb TR b Prsaidnifiealf g
t he predst erdiafietrich@fost GthéSpariclty @rthé Beohdarstsorting channel.

(1]
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receiving channels in an aggregation region, adjusting a volume of carrier
| i quid surrounding the particles having the predeterm ned charajﬁﬁﬁcﬁﬁm§
after the particles having the predeterm ned characteristic

aggregat ed; conveying the selected particles having the predeterm ned
characteristic through at |east one secondary sorting channel in series
with the plurality of parallel primary sorting channels; and separating
particles in the secondary sorting channel having the predeterm ned 15

characteristic fromother particles in the secondary sorting channel. -28 13
OCT 2006 26. A particle sorting system conprising: a first duct for
conveying a stream of suspended particles confined in a carrier |liquid,
conprising an Iet and.a second outlet; a sensor for
sensing a predQQern1H %ﬁgémggerl Dmp"n*% particle; a side channel in

comuni cation with dffvet ducr Bt caliveting astﬁeealceduspbﬁmenmms térfineeéth Bdigent to
t he side changgpg{mhereln the, carrier a neniscus in the side

channel to se éOWﬂBﬂg%ﬂ1@Ht@ﬁ@ﬁﬁé?ﬁFP%ﬁ§?ﬂ@?mE§Prler liquid; and an

actuator for nodifyigegsdr i@ sBisRESr&ictefminbe cieatedichanhencis,0 deflect the
meni scus when the sensor senses said @)edeternlned characteristic, whereby

the deflection of a%d shapnelirempygicalion wigh ths first dpes havi ng sai d

predet erm ned char aGlaith sidnfbet ﬂ)snfoh&y\éd?] RER th R sRRCANFOWhER]n tH‘@!::Jrﬁerpa”' cles
that do not have said predeterm ned aracteristic flow into the first

outlet. 27. Thiequirhiornep mesiseusiimthe sids chapnelfto sepatatn the sealedrohpmber dlompthe si ng a
buffer for abgpthipg.pr.egsure variations in the first duct. 28. The
particle sorting sys e 0 claim 26, wherein the actuator conprises a source
of pressurized gas. an&@tuafﬁh’éar pmdtfymg Ehesmssurﬂgl thy staberhcbdmlgdr &0 dafleé, thevher ei n t he

zr":: ﬁqdzghaﬁg::ne}%rﬁg%) s W 51(1: h?:‘ 5¢ nrggr saen ESQA@ Bredetgrmmed c%algale}létl%l \%hésrolgyt thé'Y system of

deflection of the meniscus causes the particle having said predetermined characteristic to
flow into the second outlet while particles that do not have said predetermined

characteristic flow into the first outlet.

27.  The particle sorting system of claim 26, further comprising a buffer for

absorbing pressure variations in the first duct.

28.  The particle sorting system of claim 26, wherein the actuator comprises a source

of pressurized gas.

29.  The particle sorting system of claim 26, wherein the sealed chamber comprises a

movable wall.
30.  The particle sorting system of claim 29, wherein the actuator comprises a
displacement actuator for moving the movable wall of the sealed chamber to modify the

pressure in the sealed chamber.

31.  The particle sorting system of claim 30, wherein the actuator comprises one of an

electromagnetic actuator and a piezoelectric element.
32. A particle sorting system, comprising:
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di spl acenent actuator for noving the novable wall of the seal ed chanber to
nodi fy the pressure in the sealed chanber. 31. The particle sortl @Kstem
of claim 30, wherein the actuator conprises one of an el ectromd i
actuator and a piezoelectric elenent. 32. A particle sorting systen1
conprising: -29 13 OCT 2006 a first duct for conveying a stream of
suspended particles confined in a carrier liquid, conprising an inlet, a
first outlet and a second outlet; a sensor for sensing a predetern ned

Char act erl st I ¢ in ad fPl' r COHV%IL%{]&%%S%]I oqgusg)hlﬁﬂggﬁ élCﬂ:a.COH me{l" Caaé ! Oerr] Wi t h

the first duct; a sea uat acen e first
si de channel , Nﬂiﬂiebmprlshﬂi’@mﬂl’et méﬂstlouﬂmladdﬁmcnﬁd auilkgni scus in the first side
channel to separate the feal ed chapber fromthe carrier liquid;, an actuator

for modifying the FriE89niE STRIMEAP L DECd hARHTIIC HABETCI 0 defl ect  the

meni scus when the sSNsQidecfiRBPinTamchupicealal witlihp ekt ah@r act eri stic, wher eby
the deflection of the neniscus creates a transient flowin the first duct

whi ch deflects pariSeelpdagiuaenchambat goptiensd pdinsaohiodhe At side ehanael; whegen £ | ow

into the secong. piftiliaf u%hﬁsaﬁ@ﬁ:&du@ ide hh@hdé’&a‘ﬂﬁél t&‘%‘b@ra&athgse‘afe@det erm ned
characteristic flow i r?to the first outlet; and buffer for absorbing the

transi ent fl| ovghamberfeont thesamigudiquid33. The parti cI e sorting systemof claim
32, wherein the buf tion
wih the flrst duoth ngoRE kg bepReRE b o3 LR IR Cona
si de channel, thhersscustwhen tleaensoesenkésgaidgrdderemsined slecaidistigmilsebig then t he
second side ch separate the buffer . chanber 0 he carrier |iquid.
3. The- par t crledsp il i§ BT rbSatnfh ORIl SRR EPes arper

i ncl udes a rrqsaajiﬂlehamlglsald:ﬂiedefEhﬁmpmcnmazkeelsﬁ@rotﬂmnsytsé sdvond otleawhiie32,
wherein the actuator C?H)n*grl ses_a, soyrce ressur

particle sortiMGPUppal 9 8pt iy sad prse et@m’é?eéllcﬁgﬁﬂér“é‘é oé’d“g’ctgﬂg’[sb?“ﬂéhé%er

conprises a novabl e vkt for absorbing the transient flow in the first duct.

33.  The particle sorting system of claim 32, wherein the buffer comprises:

a second side channel in communication with the first duct; and

a buffer chamber positioned adjacent to the second side channel, wherein the
carrier liquid forms a second meniscus in the second side channel to separate the buffer

chamber from the carrier liquid.

34.  The particle sorting system of claim 33, wherein the buffer chamber includes a

movable wall.

35.  The particle sorting system of claim 32, wherein the actuator comprises a source

of pressurized gas.

36.  The particle sorting system of claim 32, wherein the sealed actuator chamber

comprises a movable wall.
37.  The particle sorting system of claim 36, wherein the actuator comprises a

displacement actuator for moving the movable wall of the sealed actuator chamber to

modify the pressure in the sealed actuator chamber.
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37. The particle sorting systemof claim 36, wherein the actuator conprises
a displacenent actuator for noving the novable wall of the seal ed actuator
chamber to nodify the pressure in the seal ed actuator chanber. 33d@CIZ0WCT
12006 38. The particle sorting systemof claim37, wherein the actuator
conprises one of an electromagnetic actuator and a piezoelectric el enent
for deflecting the novable wall. 39. A particle sorting system conprising:
a duct for conveying a streamof particles in a carrier liquid, conprising
an inlet, a figst in@ sRRGD t ' : 1.1

normal Iy flow %%'om?ﬁ%?ﬁ%? 1q‘lngts 0 tﬁgclé‘yiﬁrdgg &’gﬂt Zl?e;edcgl ats%%%rggﬁ#%&e?zﬁgi ng a
predet er m ned décroawgeaticactuator anda meroticdiieslementdert defleomgftir mewbleotillvel y
applying a pressure pulse to the suspension to deflect a particle in the
stream of particles into the second outl et when said predeterm ned
characteristic3ds det ectaeghtidnshritnguybtbRr cdngprisimgsor bi ng the pressure pul se.
40. The particle sorting systemof claim 39, wherein the actuator cqnprises
one of a piezoel ectar"“Et @bf%‘ﬁﬁ’fm%a Yreapl PATRGER N @ Capict Ui ERRIENGI% el uat or
a ther nopneungfiiscodfet AtaltaecohdGullet eRdreiR tHeSRArt AR QbR DN flod frOf BRNiAkI iRG Vapor
bubbles in the flowing liquid. 41. The particle sorting system of claim 39,
wherei n the achgfsbpy mpri ses a side channel in comunication with the

duct, a sealed Charmﬁsopﬂﬁisérisﬁlﬁ%qn@ﬂieﬁﬁﬁ@& cHlafacteliBfc §1iaqﬁrt&lf@nne|’ wherein the
carrier liquid forms a neniscus in the side channel to separate the seal ed

chamber from the camerator forsalestinglyiapplyings prgssyre fudse toridhdisespensgoncthdeflegt @ssur e

0 ne seal od ShAIbAIn Gl Biik DR RRLAGHE MRFDNTG AFIRAmARESCS 2l d

pr edet er m ned racteristic, ere ection o MENI Scus causes
the particle d¢haucrgsisas detprtatiendr m ned characteristic to flowinto the

second outlet while jcles. .t not..have said predeterm ned
characteristic flow @g{e%ﬁf%}besg?bimrggﬁé P)%%Iugtp%lsﬁ‘z. The particle sorting system
of claim 39, wherein the buffer conprises a buffer chanmber in conmmunication

with the duct, gherein the caniicl|ianid dOLmoa BN ROURLP SRRt the
carrier Iiqui d®rom the BuP¥FEre EEsEt ’

one of a piezoelectric column, a stepper motor, an electromagnetic actuator, a

thermopneumatic actuator and a heat pulse generator for generating vapor bubbles in the

flowing liquid.

41. The particle sorting system of claim 39, wherein the actuator comprises a
side channel in communication with the duct, a sealed chamber positioned adjacent to
the side channel, wherein the carrier liquid forms a meniscus in the side channel to
separate the sealed chamber from the carrier liquid and an actuator for modifying the
pressure in the sealed chamber to deflect the meniscus when the sensor senses said
predetermined characteristic, whereby the deflection of the meniscus causes the particle
having said predetermined characteristic to flow into the second outlet while particles

that do not have said predetermined characteristic flow into the first outlet.
42. The particle sorting system of claim 39, wherein the buffer comprises a
buffer chamber in communication with the duct, wherein the carrier liquid forms a

meniscus to separate the carrier liquid from the buffer chamber.

43. The particles sorting system of claim 39, wherein the buffer comprises a

side channel in communication with the duct; and
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43. The particles sorting systemof claim39, wherein the buffer conprises a
side channel in comunication with the duct; and -31 13 0 CT 20061 J8Chaigger
chanber positioned adjacent to the side channel, wherein the carrier |iquid
forms a neniscus in the side channel to separate the buffer chanber fromthe
carrier liquid. 44. The particle sorting systemof claim43, wherein the

buf fer chanber has a novable wall. 45. A particle sorting system
conprising: a duct for conveying a stream of suspended particles confined in
a carrier liquid, JOnmeriahBer @Ritbhdediacentfid Mekidehidtl, ARdeR heCand outl et
wherein the particles normally flow fromthe inlet into the first outlet; a
sensor for sen&qufhfosmpi mgaisarsin the gide ghanaeltte psparatecthe fufferghambes ffiom thy act uat or
adapted for Se&aﬁ%iﬁ\iﬁi'd}’ applying a pressure pulse to a neniscus fornmed by
the carrier liquid to deflect a particle in the stream of particles when
said predeterm ned characteristic is detected, causing it to flowinto the
second outlet;,and a buftfer fqr ahsorhing.the essur.e I wherein the
buffer conpri 5%42 a si defﬁl% %{ﬁ‘ﬁ‘af‘) I'PE Scygi?ﬁgor{icgaérp%hm\?ﬁr%lﬂ I}Ehbélﬁgfucgf’fng%{%gse%ﬂ ed
buf f er chanbermedpkoent to the side channel and a neniscus formed by the
carrier liquid at an interface between the sealed chanber and the side
channel . 46. The particle sorting systemof claim45, wherein the seal ed
chamber conpriges & pddi@Xkdtify §RIFAL adifpristng: The particle sorting system of
claim45, wherein the actuator conprises a second _side channel in

communi cati on wi t h 2dyet fgueanverngsaHiean o sppardse rariskperntipeding GHéd  adj acent

to the side Chﬁﬂﬂﬁk@mlﬁ}mgejnrinffebﬁfi?s@-Bﬁtile@'hnéliagé&)gd bQeSHRreiERE Paisled N the side
channel to separate the seal ed chanber fromthe carrier liquid and an
actuat or for nepariRAlevyfromdhginkes bitg ke figst pptetseal ed chamber to deflect the

meni scus when the %%@ﬁs%Ffo.r§§1’§§1§%f&%@rﬂfnh@%aﬁcﬁrfgﬁginﬁa nagLeristic, whereby

the deflection of the nmeniscus causes the par ving said
pr edet er mi ned char astepiter ddeptedior sdertivalyapphimgsauessere pulse tta meriigcws parti cl es

that do not hayg, SAldnPLEA&" RO RIANERHRTRh e stredrh BYpdrh& Wil skl St

outlet.
predetermined characteristic is detected, causing it to flow into the second outlet; and

a buffer for absorbing the pressure pulse, wherein the buffer comprises a side
channel in communication with the duct, a sealed buffer chamber adjacent to the side
channel and a meniscus formed by the carrier liquid at an interface between the sealed

chamber and the side channel.

46.  The particle sorting system of claim 45, wherein the sealed chamber comprises a

flexible membrane.

47.  The particle sorting system of claim 45, wherein the actuator comprises a second
side channel in communication with the duct, a sealed actuator chamber positioned
adjacent to the side channel, wherein the carrier liquid forms a meniscus in the side
channel to separate the sealed chamber from the carrier liquid and an actuator for
modifying the pressure in the sealed chamber to deflect the meniscus when the sensor
senses said predetermined characteristic, whereby the deflection of the meniscus causes
the particle having said predetermined characteristic to flow into the second outlet while

particles that do not have said predetermined charactenstic flow into the first outlet.
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-32 13 0 CT 2006 48, The particle sorting systemof claim47, wherein the
actuator further conprises a source of pressurized gas. 49. Thd (gdrpigc! e
sorting systemof claim47, wherein the seal ed actuator chanber conprises a
novable wall. 50. The particle sorting systemof claim49, wherein the
actuator conprises a displacenent actuator for noving the novable wall of
the seal ed actuator chanber to nodify the pressure in the seal ed actuator
chanber. 51. The particle sorting system of 50, wherein the actuator

conprises one gf a“mega'aﬁféfers‘amg@g&térﬁDP&EM?H?M%I%?;] zﬁeﬁ)itﬁ&%ﬁﬁé%&% Slegfrent.
52. A particle sorting system “conprising a’firs uct tor conveyPng a
stream of suspsndedf pasdurieddemsconfined in a carrier |iquid, conprising an
inlet, a first outlet and a second outlet; a sensor for sensing a

predeterm ned characteristic in a particle; a side channel in comunication
with the first4guctThedasierlsefingRpidieof @gisi 47 aneRirndé aahatactugtol BRnbede
channel, wherein the carrier Jiquid forns a first nmeniscus in the side
channel to sepéimrEesdygowdlewall chanber fromthe seal ed chanber; an actuator
for nmodifying the pressure in the sealed chanber to deflect the first

meni scus when the sensor senses said predeterm ned characteristic, whereby
the deflectioff.of Fhesarislsisoning spsitin ekclampdt, tihetetn thagdtvrjorsaimgripssadet er mi ned
characteristicg. I ' | ' ' t._do not
have sai d prediymer ool By EIRN o Rl ol dilhe RaRBBLLALES AR 00 2
buf fer for abswoediythe plessupriedissedeadtexror avbmbeai n t he buffer conprises a side
channel in communication with the duct, a seal ed chanber adjacent to the
side channel and a first nmeniscus fornmed by the carrier liquid at an
interface betwslen tlhe paeialeadrting hgudnenf 50)avheredn the dauabraomptisesmade offarparti cl e

sorti ng. systen,{of Sk 1.RAI S 5,0 3URENg8g, 1 @ 11 quid. conprising:  -33

52. A particle sorting system, comprising

a first duct for conveying a stream of suspended particles confined in a carrier
liquid, comprising an inlet, a first outlet and a second outlet;

a sensor for sensing a predetermined characteristic in a particle;

a side channel in communication with the first duct,

a sealed chamber positioned adjacent to the side channel, wherein the carrier
liquid forms a first meniscus in the side channel to separate the sealed chamber from the
sealed chamber;

an actuator for modifying the pressure in the sealed chamber to deflect the first
meniscus when the sensor senses said predetermined characteristic, whereby the
deflection of the meniscus causes a particle having said predetermined characteristic to
flow into the second outlet while particles that do not have said predetermined
characteristic flow into the first outlet; and

a buffer for absorbing the pressure pulse, wherein the buffer comprises a side
channel in communication with the duct, a sealed chamber adjacent to the side channel
and a first meniscus formed by the carrier liquid at an interface between the sealed

chamber and the side channel.

53. A particle sorting system for sorting particles suspended in a liquid, comprising:
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an inlet duct through which flows a liquid containing particles having a
predeterm ned characteristic and particles not having a predet‘%radn' ned
characteristic, wherein a) the inlet duct branches into a pl dr mt%ﬂﬂﬁof
measur enent channels which are operated in parallel and sinultaneously fed
with the liquid, each neasurenent channel having a sorting nodul e and two
outl et channels, and each sorting nodule having a switch unit for
distribution of particles having a predeterm ned characteristic and

part i ol es not havi g RePRSSISERLARA fR0RLAGHAICShiel ARl datifgy I 17 or ent

outlet channel, b) each swtch unit conprisin st one sensor which
detects and cpredsérired chirectgrastit hnd pstidieswionbavingea preddeamanedichadcteristic,
characteristic, a side .passage in comunication with the inlet duct, a
seal ed chanber adj 285Kt "to and separated fromthe side passage by a

meni scus formed by d)he lledGhletddbtatithe@intodaplonlisaTinicablrade R y¥haaeb whithd
sensor arranged on each said swtch unit for selectively deflecting the
meni scus to d8f PRERCGIMPIrAlleland sHa/iapgpup!n dedhy by e diaHidneigh BwaTUERRSE | stic into

one of said outpaffel hWﬁ%’@ﬁJﬂ%gxﬁMl&ﬁndQﬁGbm@t cBainfls A8 et dofing mREl s on
e

each neasurenent chann is connected to a separate summ ng channel for the
particles havihiying asvdiebret fr distribuhen efordicleshpving pgredparmined diaragististivavi ng a
predet erm ned &pggraﬂfcse%b%bﬁ, %&b&%}a{ﬁka/cﬂ&%tea-g@&{o%gmwo alftercifourfer Par L cle
sorting systemfor sorting pgr I cl es suspen ed in a l'iquid, conprising: an
inl et duct thrdagielwhich flows a liquid containing particles having a

predeterm ned charggteri stig . . I i Nelg rm ned
characteristic, vvﬁ’grei ﬁ;?ctg)s%t%gg?lﬁ?genﬁd ngll?gtsd ' %f%gr?gﬁgé?g‘%n 6&a”%gﬁ%ts§‘3 ity of
channel s whi chclasseiceo e pattields havinghe pleldatbrmamd bhnutetistiveosidt yasagd imi t h t he

l'i quid, each channel. havi a.sorti dul.e .and.t outl et chapnel s, and
each sorting rodirasaoy KITARIRl e PR FopPoaeh i Grer il Por e
havi ng a firstsigy dakebyh medisalkdomet d itetliqidand apattato!r @strolidd Byaatingid he
first predeterm ned ch&ract ristic between ifferent outl et

said t d
channel s, b) e%8IP"8BPHECHGR FRST R SRERPYY hﬁelﬁf‘vgﬁﬂ\éﬁ“fi%thg BIEBFUMAi ch
detects and cdefisgiafpaicld HaGingakd prede®Gmiid chgadteiatit imis bndsteaialoand ned
characteristic, and an_actuator
channels; and
¢) each of said two outlet channels on each measurement channel is connected to
a separate summing channel for the particles having a predetermined characteristic and

particles not having a predetermined characteristic selectively distributed to it.

54. A particle sorting system for sorting particles suspended in a liquid,
comprising:

an inlet duct through which flows a liquid containing particles having a
predetermined characteristic and particles not having a predetermined characteristic,

wherein

a) the inlet duct branches into a plurality of channels which are operated in
parallel and simultaneously fed with the liquid, each channel having a sorting module
and two ontlet channels, and each sorting module having a switch unit for distribution of
particles having a first predetermined characteristic and particles not having the first
predetermined characteristic between said two different outlet channels,

b) each sorting module comprising at least one sensor which detects and
classifies the particles having the first predetermined characteristic, and an actuvator

controlled by each of said sensor arranged on each said switch unit for selectively
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controlled by each of said sensor arranged on each said switch unit for
selectively -34 13 0 CT 1006 deflecting a particle having the first
predeterm ned characteristic into one of said outlet channels;1§hcp Q of
said two outlet channels on each sorting nodule is connected to a sg@ rate
summ ng channel for the particles having the first predeterm ned
characteristic and particles not having the first predeterm ned
characteristic selectively distributed to it; and d) at |east one secondary
sorting nodul . ] e ti-cl.e vi ng
the first preggﬁggﬁgﬁéﬁqgﬁg?g@ S%ﬁgghggkggﬁﬁggkhﬁgﬁﬁmég§%ﬁ@§#§§§§§?ﬁﬁg
nodul es havi nghanrieist st outl et channel and a second outlet channel, a
detector for sensin articles and.a switch unit for. sel ectively deflecting
2 barticl e having & et EalElcrituil diehtiing Sl s Fiedfelon satq

out | et channelsgpdhas esinpthgahsmeDiad the pagidRt Givingwhe fiedd predrtdih&d dhractelsticThe
particle sorting systemof claimb54, wherein the second predetermned
characteristi émg Qa‘%/‘ﬁlés 8ojhaving ?*terfgstfnr?%fmﬁlrné@jéﬁaacmrﬁ%as%wgr%lw@mbgieﬁ60. 56.

The particle sprhd ng system of claim54, wherein the second predetermn ned
characteristic is the different fromthe first predeterm ned characteristic.
57. A particle sord)fideastianesasondeinseitiag mydulg cpmeetad ia the smpmeggharakl for | mar y

sorting chann - Whi i : : i

continad 1 Rop i T el iR CRRIN Ploie SUIRRRARS, AR Gy

det ecti on r egimwlufeghadag abitst ngtlea clpmadend p ntacediowlebclmonard detdotorifor senspar ti cl e
and a switchin

s b yleaclpm e o0 dtictritr senspar i
char actori ot EiS PP e SRR A PR A Lol ARSI C, %0 ot

have the predgrekremmdd clingacaaiste ingd ore,of whid oltlet thanwels hised an semondl r ecei vi ng
channel ; an agar ggtgogcgﬁﬁgémg.for aggregating the particles having the

pr edet er m ned REFRFL AT Fom t he first recei ving channels into an
aggregat ed stream of selected particles, and at | east one secondary sorting
channel in serjes wth the pluralit . allel. primary sorting,channels
For recel ving Phe dutPubSk stk Pule efaRereuhdrinal e pdleminda

characteristic is the same as the first predetermined characteristic.

56.  The particle sorting system of claim 54, wherein the second predetermined

characteristic is the different from the first predetermined characteristic.

57. A particle sorting system, comprising:

a plurality of parallel primary sorting channels through which flows a stream of
suspended particles confined in a carrier liquid, each primary sorting channel having a
detection region for detecting a predetermined characteristic in a particle and a switching
region for separating particles having the predetermined characteristic into a first
receiving channel from particles that do not have the predetermined characteristic, which
flow into a second receiving channel;

an aggregation region for aggregating the particles having the predetermined
characteristic from the first receiving channels into an aggregated stream of selected
particles, and

at least one secondary sorting channel in series with the plurality of parallel
primary sorting channels for receiving the aggregated stream of the selected particies

from the plurality of first outlet channels and separating particles in the secondary
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fromthe plurality of first outlet channels and separating particles in the
secondary -35 13 OCT 1006 sorting channel having the predeteriiﬁgﬁ
characteristic fromother particles in the secondary sorting ch ﬁ m@% A
met hod of sorting small particles conprising the steps of: providing a

cl osed duct having an inlet and a fork at which the duct separates into two
branch ducts; conducting a streamof liquid into the duct inlet with a
stream of particles suspended therein, the particle streamnormally flow ng

through a fi rsstort &hHnel m ghn@&e&ktamﬁkachéya&%e%ﬂlgmmgaﬁlfcregﬂmf,@f l'iquid

with a particle f ee enveloping current of liquidt duce substantially

| ami nar fl ow, ssrendintisnying chanasiur ement station al ong the cl osed duct upstream
of the fork for sensing a predeterm ned property of particles in the stream
and for producing a signal when the property i s sensed; providing an

actuator for | yin ssure of the OV|d|ng means for
buf fering prezﬁ W%F%&Ffﬁ g sra é’aﬁt‘icﬁﬁf‘gnprﬂsﬁég B‘r' %tg%s buf f eri ng means
co-operating with Fo@ﬁhﬁg §§§§éﬂ%né@9¢1¥%£&9mi€‘?§ﬂ§a FoPk £tea§rH&l¥thb Bu&seﬂ%%t@ry
defl ection of the I|qU|d stream ng through the duct substantially

per pendi cul ar to the tmorbmaichduetgcti on of flow fromthe point where the

pressure is applied towards the_poi.nt whe e pressure i s buffered,
causing the specPPTUcinga fiepn %ﬁ%lﬁ&t? the db‘fté’g@t‘g‘f}?ﬁ ﬂ@&mﬁfé’ﬁ‘é’lcl"? to flow

into the second branghnHed thWet@UbarBbic B0t hghaliPBob ARRBEsH 4 B one 36

the branch ducts;

surrounding the stream of liquid with a particle free enveloping current of liquid to
produce substantially laminar flow;

providing a measurement station along the closed duct upstream of the fork for
sensing a predetermined property of particles in the stream and for producing
a signal when the property is sensed;

providing an actuator for applying a pressure on the liquid; and

providing means for buffering pressure variations in the liquid, the pressure
buffering means co-operating with the pressure applying means to result in a
momentary deflection of the liquid streaming through the duct substantially
perpendicular to the rormal direction of flow from the point where the
pressure is applied towards the point where the pressure is buffered, causing
the specific particle having the predetermined property to flow into the

second branch duct without eliminating the laminar flow.
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