200301164-1 5 SORTING PARTICLES 10 BACKGROUND Cells and other particles are often obtained
as mixtures of twg,9,meke different types. For example, blood or tissue samples from patients may
include a mixture of many different cell types that mask the presence or properties of a particular type of
cell that is of interest. Accordingly, the cells of such samples 15 may need to be sorted with a cell sorting
device, such as a fluorescence- activated cell sorter, td identify, purify, and/or characterize cells of interest
in the samples. However, cell sorters can be expensive and complex to operate and maintain. BRIEF
DESCRIPTION OF THE DRAWINGS 20 Fig. 1 is a schematic view of a system for sorting particles, in
accordance with an embodiment of the invention. Fig. 2 is a schematic view of a sorter unit that may be
included in the system of Fig. 1, in accordance with an embodiment of the invention. Fig. 3 is a schematic
view of another system for sorting particles and 25 particularly cells, in accordance with an embodiment
of the inventjon. Fig. 4 is a partially schematic view of the system of Fig. 3, in accordance with an
embodiment of the invention. Fig. 5 is a bottom view of selected portions of a substrate assembly
included in the system of Fig. 4, in accordance with an embodiment of the 30 invention. Fig. 6 is a
fragmentary bottom view of a sorter unit included in the substrate assembly of Fig. 5, as the sorter unit
sorts cells, in accordance with an embodimgoirofithe Puemicn£200301164-1 2 Fig. 7 is a fragmentary
sectional view of the sorter unit of Fig. 6, taken ge lopg line 7-7 of Fig. 6, in accordance with an
embodimentof the BgA&gE’aﬂ%aﬁB

Cells and other particles are often obtained as mixtures of two or more

different types. For example, blood or tissue samples from patients may include a
mixture of many different cell types that mask the presence or properties of a
particular type of cell that is of interest. Accordingly, the cells of such samples
15 may need to be sorted with a cell sorting device, such as a fluorescence-
activated cell sorter, to identify, purify, and/or characterize cells of interest in the
samples. However, cell sorters can be expensive and complex to operate and
maintain.
BRIEF DESCRIPTION OF THE DRAWINGS
20 Fig. 1 is a schematic view of a system for sorting particles, in accordance
with an embodiment of the invention.
Fig. 2 is a schematic view of a sorter unit that may be included in the
system of Fig. 1, in accordance with an embodiment of the invention.
Fig. 3 is a schematic view of another system for sorting particles and
25 particularly cells, in accordance with an embodiment of the invention.
Fig. 4 is a partially schematic view of the system of Fig. 3, in accordance
with an embodiment of the invention.
Fig. 5 is a bottom view of selected portions of a substrate assembly
included in the system of Fig. 4, in accordance with an embodiment of the
30 invention.
Fig. 6 is a fragmentary bottom view of a sorter unit included in the
substrate assembly of Fig. 5, as the sorter unit sorts cells, in accordance with an

embodiment of the invention.



invention. Fig. 8 is a bottom view of a manifold disposed above the substrate 5 assembly of Fig. 5 in the
system of Fig. 4,ij38ecardance with an embodiment of the invention. Fig. 9 is a bottom view of an upper
layer of the manifold of Fig. 8, in accordance with an embodiment of the invention. Fig. 10 is a sectional
view of the manifold of Fig. 8, in accordance with an lo embodiment of the invention. DETAILED
DESCRIPTION A system, including method and appat%\tus, is provided for sorting particles, such as
cells. The system may include two transport mechanisms for moving particles. A first of the transport
mechanisms may be a nonselective 15 mechanism configured to move a set of particles relatively
continuously and nondefecfiven? FREMBRGE)SHFHANRICHEMSH IR oiteratalt 1B EhrRpi@ks) exerting a
pressure on a flujdrerathichiding seeo pardicleig isalisperrd @b midy @xeihddditeandhenset of

particles in relati%(\/etgttgg fluid, such as by dielectrophoresis. A second of the transport mechanisms may
be a selective 20 Mechanism configured to selectively move a subset of the particles relative to other

particles of the set, as fHg ndniserdiv¢OMe 1S @ periitdldAdispatiad\abave séeosulstiatport
mechanism mayRe fHl5ie GoHAE GrahsUlRRG 1R854 SRl GhARRR ith IR CEnppoRRAiIeSOf the

subset. The force may be a pressure pulse exerted on a fluid segment in which the subset of particles is
disposed. The 28RN be directed transversely to the direction in which the set of particles is

transported by the nonsgjedive Hanspart Meshahismuppsiodgdhestiseh ahiprrtsiesi@l@)gra different
path, thereby sortiré% the set OItParrltieCrlr?EoMr%tehn?%? g]fe sr%)\/rgrrﬁ%garticles using a combination of selective
[ :

. accordance wi . .
and nonselective %ransport mechanisms are also disclose 0 Fig. 1 shows a system 20 for sorting

particles using a pluralftygoflthis soseaigpal sigviguinde 1o apteidiefifripafallelattrrdgrterwithagninclude any
suitable numberafsigis s wsing Ralbane. The sorters may be disposed in parallel 200301164-1
DETAILED DESCRIPTION

A system, including method and apparatus, is provided for sorting

particles, such as cells. The system may include two transport mechanisms for

moving particles. A first of the transport mechanisms may be a nonselective

15 mechanism configured to move a set of particles relatively continuously and

nonselectively. The nonselective mechanism may operate, for example, by

exerting a pressure on a fluid in which the set of particles is disposed and/or may

exert a force on the set of particles in relation to the fluid, such as by

dielectrophoresis. A second of the transport mechanisms may be a selective

20 mechanism configured to selectively move a subset of the particles relative to

other particles of the set, as the nonselective mechanism operates. Accordingly,

the second transport mechanism may be pulse-activated at suitable times to

selectively apply a force on particles of the subset. The force may be a pressure

pulse exerted on a fluid segment in which the subset of particles is disposed. The

25 force may be directed transversely to the direction in which the set of particles is

transported by the nonselective transport mechanism, to move the subset of

particles along a different path, thereby sorting the set of particles. Methods of

sorting particles using a combination of selective and nonselective transport
mechanisms are also disclosed.

30 Fig. 1 shows a system 20 for sorting particles using a plurality of “n”

sorters 22 configured to operate in parallel. The system may include any suitable

number of sorters including only one. The sorters may be disposed in parallel



3 fluid communication with an input reservoir 24 holding an input mixture 26 of two or more types of
particles, such ag,paftigles A and B, in a fluid. Fluid communication between the input reservoir and the
sorters may be provided by a conduit network 28. Portions of the input mixture may be directed to the
various 5 sorters from the conduit network as separate streams of particles. Each sorter may selectively
move the A and B particles of a stream along diﬁerent?aaths 30, 32, so that the mixture is enriched for A
or B particles, respectively, in different intermediate sites 34. Sorted particles of each type from each
sorter may be combined, shown at 36, so that A particles and B particles are directed to their lo
respective receifEiHRIRTHEUCEEORHY iy SEBP Hh &G I5EVRHY P AR ARSI &RrRINING a particle
mixture for at least enedypges partipkericlgse padiclasmiptutieleslativaata ohelrtypesiait. p&iticles in the
mixture. The sorter mal?/r%be con{)igyredt move pone or moreéy es o{eoarticle rom a defaul gath of

0

t
particle/fluid movement 1o %thogl Srha %np?g%'?gru arfge;SYl?rlgﬁ‘t?/ SIfEate rﬂ)]é’i%se. Ritetha i\i/%élly, the sorter

may move differéanayiiesediokrdisl2oiirnsacd dhguinpatmbture veaydve @Wrdifedeio tieevasaypaths
according tog thesfype Ot BaKTIGE . CoMRIGPTEE DAY APRYA AR Rk HUif ¥alenss oEfiuld seggpent in which

a particle is disposed or may apply a force on the particle selectively in relation to 20 the fluid volume.
The force may bE'@YpreSSive B BF théfil DaiRIeS QfRetiarBparaid ISR ERNbRAKE Srticle, an
electroosmotic f@zesonttae fitieidn Btarénissemvieriabodiments, ghriSeseranaycaoslyrcaargerg the path

folowed by fluid, apet pliles fo" sxample for opening andipy closing yalves, amena,plhers, Sorters
may be configured to operate concurrently, for parallel Sorting fr an input mixture. Alternatively, or
in addition, sorte¢enmizipeite shoyasat 36 sevidbatcr padiniesiansoRing/foleearnplisectedrtvitieiprogressive

enrichment,gf a r@ﬁ%ﬁ@(e%@%ﬁ%&”@&ﬁ%@@ %,p@g_ticle. Enrichment, as used herein, may include any

increase in the representation of one particle type relative to one or more other particle t_}/aﬁs of a
mixture. For example, ErPRIPhERRARE A d8¥iEqHY SterdsrasentatisAT NP A RAIEHeyPEWM Darticle from
a lower to a highfer pereestagee type of particle in the particle mixture relative to other types of

particles in the mixture. The sorter may be configured to move one or more types
of particle from a default path of particle/fluid movement to an alternate path (or a
15  plurality of alternate paths). Alternatively, the sorter may move different types of
particles from a default path of movement to different alternate paths according to
the type of particle.
The sorter may apply a force on a fluid volume or fluid segment in which a
particle is disposed or may apply a force on the particle selectively in relation to
20 the fluid volume. The force may be a pressure exerted on the fluid volume, a
dielectrophoretic force on the particle, an electroosmotic force on the fluid, etc. In
some embodiments, the sorter may sort by changing the path followed by fluid
and particles, for example, for opening and/or closing valves, among others.
Sorters may be configured to operate concurrently, for parallel sorting from
25 an input mixture. Alternatively, or in addition, sorters may be disposed in series
for sequential sorting, for example, to provide progressive enrichment of a
mixture for a particular type of particle. Enrichment, as used herein, may include
any increase in the representation of one particle type relative to one or more
other particle types of a mixture. For example, enrichment may increase the
30 representation of a particular type of particle from a lower to a higher percentage
of the patrticle total, and/or may substantially or completely separate the particular

type of particle from one or more other types of particles.



of the particle total, and/or may substantially or completely separate the particular type of particle from
one or more othggdyres, of particles. 200301164-1 4 An input reservoir may be any vessel (or vessels)
configured to receive the input mixture and release portions of the input mixture to a sorter(s). Release of
the portions may be passive, such as through passage that is always in fluid communication with the
input reservoir, or active, such as with valve that 5 ope?ates to release portions selectively. The input
reservoir may be a well, a chamber, a channel, a syringe, etc. A conduit network may be any set of
passages that provide fluid communication between the input reservoir and the sorters. The conduit

network may include tABiIfPEHERAMQFNAHERGRBY YrEas MYy iASPIUIRE LIS iR Honal channel

structure, and/origpaombinaéicmdnereatcapastighetbetse Tigutannaurié netvedkienay).iRbledsa@ skt of parallel

passages that extt]eend frtom the in (ta reservowtgctrp% g%ters assages ttt}%ﬁ mcre[ase mnz@?m or branch

t ortions_ma assive, ol a e that IS always in
toward the sorters, 8r a combination ereo?. |§0I’ example, I% ﬂ?e pregen usﬁra on, con network 28

carries portions 6PmiRtTeapin YahallbetHrouyressivgis condeitviR 1BithaeBrarithegieea hidirality of
conduits 44 gqualjo- uBheT idhenPaIRSH L SRERISY THBCRSIHItBsLNRIK May Be defingd By a

manifold, as described below. An output receiver structure may be any vessel or compartment for
receiving fluid arfidBREl BLIRIEE BHYVINYSoRErs. Exemplary receiver structures may include
microplate wells, microfluicha@gimpatimoentsrelya bbiparigstal0 dbbgsssaderetuasspisyvieke. flnigome
embodiments, each sorter ay I[():i(ierece'[eSnO{ted articles to a segzﬁqate r ceiv%gtrucﬁﬁ?,nfor exgr_nple, to

gmmunicatio RE B (e SanOir 20 Tha Sartsra on r
perform post-sor‘flng processing. The pos?—sorr)Hng processing may incltde celicllftlire’ chPfy&s, and/or

molecular analysiafsenglid) dfilostulgshanpelsidemedsinuentsisachenceiylysisnaf @nibter- acid,
protein, lipigy iony pacheiaydialfa Sie)stnANEXaMPEY 28R BIR MG RRSESRAY 8REPSEFRING May

include cell lysis followed by amplification of a nucleic acid. An input mixture may include any particle
mixture of intereSPNBYkifIWOHE may include a set of parallel passages that extend from the input

reservoir to the sorters, passages that increase in number or branch toward the
sorters, or a combination thereof. For example, in the present illustration, conduit
network 28 carries portions of mixture 24 in parallel through a single conduit 42
15 that branches to a plurality of conduits 44 equal in number to the number of
sorters. The conduit network may be defined by a manifold, as described below.

An output receiver structure may be any vessel or compartment for
receiving fluid and sorted particles from the sorters. Exemplary receiver
structures may include microplate wells, microfluidic compartments of a chip, test

20 tubes, culture vessels, etc. In some embodiments, each sorter may direct sorted
particles to a separate receiver structure, for example, to perform post-sorting
processing. The post-sorting processing may include cell culture, cell lysis, and/or
molecular analysis (sensing) of cellular or particle constituents (such as analysis
of a nucleic acid, protein, lipid, ion, carbohydrate, etc.). In an exemplary

25 embodiment, post-sorting processing may include cell lysis followed by
amplification of a nucleic acid.

An input mixture may include any particle mixture of interest. Particles, as
used herein, may include any set of discrete, small objects. For example, the
particles may be less than about 100 micrometers in diameter, and may be

30 biological, synthetic, naturally occurring, organic, inorganic, or a combination
thereof. Exemplary particles may include cells. The cells may be alive or dead,

fixed or unfixed, processed or unprocessed, cultured or noncultured, and/or the



used herein, may include any set of discrete, small objects. For example, the particles may be less than
about 100 microggigrsin diameter, and may be 3o biological, synthetic, naturally occurring, organic,
inorganic, or a combination thereof. Exemplary particles may include cells. The cells may be alive or
dead, fixed or unfixed, processed or unprocessed, cultured or noncultured, and/or the 200301164-1 5
like. Exemplary cells may include eukaryotic cells and/or bacteria. Other exemplary particles may include
viruses, organelles, vesicles, synthetic polymers, beads, coded beads carrying biomolecules, magnetic
particles, and/or the like. Exemplary sources for particle mixtures may include a patient sample (such as

5 blood, a tissue'BfopSF MR, £8iFa, TAKenghen, GekeY Wife £E1ISicINRT eRdrhIRerftiN€ample (such
as a sample frorexeaipraginaod|cstenqaindiodaviiesear cngsa@ie, aviehgs othetisetitheolppidrsnixture may

be preprocessed hefpre sarting. FQr example, the input mixture may be treated tq make a subset of the
patioles optoaly o gt et S o R TR A a S BE B eve
selectively label B>X@uBervStheqesrfielaaritle dystaiay brwuiychisiécallpatient samlelen@usinhsThe dye may

bind directlyo thg,gartiglegendinghpupuaiueuOuRtd, (crvaleribysh neaGvalgRily) spegifiginding

member, such as an antibody, a lectin, a molecular imprinted polymer, a nucleic acid, a receptor, a 15

ligand, etc. Alterﬁﬁﬁ%ﬁv?%?tﬁ‘féé‘&i‘tﬁ’éﬁ\Kﬁﬁ@hnﬁ%t%ﬁﬂﬂféﬁﬁ&ﬂﬂbé”é‘é% et Bl eCSderfBHGindered, such

as by transfectiorssienexpsesspi) apiwallytletsctable material, such as green fluorescent protein. Fig. 2

shows an example of orterdtnitS that may be included in 8¥§tem 2 inSoréer unit 50 may include a
a urs 52 S

channel structure 52 de ir(1air'1rg]1JO [East 20 6ie &gher%f)gi‘?%ﬁannglr%t?gé rn%f}rBBI%ny Structure that
defines a passadpatomgiizhmaytitlest(aatbduid 5Bpkeayabeuhsespoitdae ThayiRiesageticaly be any

predefined path facprrticiBiidiHadehd R ABARLIRe m%%%&_ﬁr@ﬁbéx'B“AL{P@aYéa”\%/iﬁPQ/ByéltBaﬁiC'e
guiding and/or fluid guiding surface characteristic, such as adjacent hydrophobic and hydrophilic surface
regions. The chaisiegtively label a subset of the particles. The dye” may be any optically

detectable material. The dye may bind directly to the particles or bind through a
coupled (covalently or noncovalently) specific binding member, such as an
antibody, a lectin, a molecular imprinted polymer, a nucleic acid, a receptor, a
15 ligand, etc. Alternatively, or in addition, the input mixture may be cells that have
been engineered, such as by transfection, to express an optically detectable
material, such as green fluorescent protein.
Fig. 2 shows an example of a sorter unit 50 that may be included in
system 20. Sorter unit 50 may include a channel structure 52 defining at least
20 one channel 54. Channel structure 52 may be any structure that defines a
passage along which particles (and fluid 53) may be transported. The passage
may be any predefined path for particle/fluid travel. In addition, the passage may
include walls and/or a particle guiding and/or fluid guiding surface characteristic,
such as adjacent hydrophobic and hydrophilic surface regions. The channel
25  structure may support the particles by supporting fluid in which the particles are
disposed. Supported fluid, as used herein, is fluid that is in contact with a solid
surface so that the fluid is restricted from falling. By contrast, unsupported fluid
may include airborne fluid droplets. In some embodiments, the channel structure
may be a substrate assembly including a substrate and a fluid barrier connected
30 to the substrate, as described further below.
Channel 54 may include an inlet 56 at which a stream 58 of particles 60,

62 may be received, and first and second outlets 64, 66 to which the particles



25 structure may support the particles by supporting fluid in which the particles are disposed. Supported
fluid, as used hesgigy,igflyid that is in contact with a solid surface so that the fluid is restricted from falling.
By contrast, unsupported fluid may include airborne fluid droplets. In some embodiments, the channel
structure may be a substrate assembly including a substrate and a fluid barrier connected 30 to the
substrate, as described further below. Channel 54 ma)?include an inlet 56 at which a stream 58 of
particles 60, 62 may be received, and first and second outlets 64, 66 to which the particles 200301164-1
6 may travel. Accordingly, channel 54 may be described as a branched channel because particles
and/or fluid mayWQV&(%YSLMB@?W&S@BW&%&?@ & FoSeHRsGyATIR RIMGRER SBARNGINIt 50 also
may include a seng@uge paniiiy etdiosdnrErapropestyalongf eachr padieclditéren? pathe 8n30r may be an
optical sensor th trg&e%stweegharr\] n8Ptical (or electromagnetic) property of each particle, such as a
luminescence (p Stofuminescence (for example, fluorescence or phosphorescence),
chemiluminescence, o SPIBRIHINESE @REINRY Hediitfya Sies6 s ai?ced NEGAEHLIP, SRETRECA RO R@IdYor

polarization amgpg thetgr Al RIEHE. SR EAKOS DR SleeHich! AaMmagastiesensor,

configured to sense an electrical or magnetic property of the particles, respectively. Sensor 72 may have

any suitable size?REGHdOToREEIRMARNSHUCRIRPERY U8 Bhitylfife eChn@SsBnsBHRSEGHE Fonger than

the diameter of tighpaiticiemsteatis, |¢fig enssghple, semseraquriticie aba pltiadiphorsitensealong the
channel, 15 for eﬁam le. to measure the vefoci.tlg( of the particl Accordig ly, the senspr max be a single
! >e/n(ﬁ ! e 3 a ti0

urinescence, Qr biolimidescence), scatterin bance, “refra
sensor or a plureﬁ Sensor elemen S, which may%e raye ,%orgéxamp €, al%rig fhe channel. The

sensor also mayrateetianyaitabrolaitatione lidiongzoiiers sllestativally dimisansoteayioehaof the
channel. Thg sepRQiRaY JefUFREACR BRI FigHrRCe P LRI ENANaL JRi &AM RifgRiagor more 20

photodiodes formed on or in a substrate that defines a floor of the channel. The photodiodes may be
configured to red¥RREYRIERBAVEHE SALRIRERIYEY they may

Sensor 72 may have any suitable size, shape, location, and structure. In
some embodiments, the sensor may be longer than the diameter of the particles,
that is, long enough to sense a particle at a plurality positions along the channel,

15  for example, to measure the velocity of the particle. Accordingly, the sensor may
be a single sensor or a plurality of sensor elements, which may be arrayed, for
example, along the channel. The sensor also may have any suitable width
including a width substantially similar to the width of the channel. The sensor may
be formed on or below a surface of the channel, for example, one or more

20 photodiodes formed on or in a substrate that defines a floor of the channel. The
photodiodes may be configured to receive light selectively. Accordingly, they may
be coated with a photoselective material, such as a filter layer that selectively
permits the passage of particular wavelengths of light.

Sorter unit 50 may include, and/or function with, a plurality of mechanisms

25 for moving particles and/or fluid, such as nonselective and selective transport
mechanisms 74 and 76, respectively.

Nonselective transport mechanism 74 may be any mechanism(s) for
moving input particles relatively nonselectively through channel 54. The
nonselective transport mechanism may exert a similar force on different types of

30 particles in a particle mixture so that they travel with a similar velocity.
Alternatively, the nonselective transport mechanism may exert dissimilar forces

so that different particles travel with different velocities. However, in either case,



be coated with a photoselective material, such as a filter layer that selectively permits the passage of
particular wavelgggihsgfilight. Sorter unit 50 may include, and/or function with, a plurality of mechanisms
25 for moving particles and/or fluid, such as nonselective and selective transport mechanisms 74 and 76,
respectively. Nonselective transport mechanism 74 may be any mechanism(s) for moving input particles
relatively nonselectively through channel 54. The nonselective transport mechanism may exert a similar
force on different types of 30 particles in a particle mixture so that they travel with a similar velocity.
Alternatively, the nonselective transport mechanism may exert dissimilar forces so that different particles

travel with differdR? VABRRREME NGO TnRRARFISBTBS 318 daTide b iigbeiBe kA IRIsport

mechanism movesdhepastitles/thratgizpoet cascieinidine nensetective tangpasumethasignt may be a

continuous transport, %?Crﬁa'li\s%nﬁ %%rdtin Jous ransport (,Jlrrr}%char(,glisg,mS a3 Hsgqnhereain, faay be any
transport mechanism fhat moves a p uraﬁty 0 p%r{icles ?hrougrﬂ the channel 5 Withodt substantial

interruption. In tieapsesenniaebeaison, thehseR@r atrRidsyityt lceardisiem thaosighdthe sheaenals8 of

particles 60,562 it e tiyouahdnriehaphghto default path 68 (without operation of selective transport
mechanism 76). A stream, as used herein, is a succession of moving particles created by entry into, and

movement 1o of the pdﬂigﬁs%ﬁﬁ@ttwé%@m@ﬂw&%@s@%% 'HEGRMYRIBIY 4t8809R intermittent

and may introdusegarticiesohiatheahaongontdymnenibatisiie caghefile, aefnn gamops at once in a

side-by-side or random. arran Imen}, a eoplg(?oghers. In somghembod%?né&:_,r%pe diameter ofdthe channel
1

wirhout ‘o e .97 ¢l ransport mechanis eam, a5 yse
may be small enough to restrict the particles to movement in single file. e noniselective transport

mechanism mayhepeimtis lpysasgessiciblef MmedhamgriclFecesaietbley Bdrmdrioeiatvearensptrt
mechanism maypRRER RILICXEITNY, 3O CRPAE T 1 ntichidherpaytisleropif dipRessd) (& promote
bulk fluid flow and concomitant bulk particle flow. Alternatively, this transport o

intermittent and may introduce particles into the channel one by one, that is, in

single file, or two or more at once in a side-by-side or random arrangement,

among others. In some embodiments, the diameter of the channel may be small

enough to restrict the particles to movement in single file.

15 The nonselective transport mechanism may operate by any suitable
mechanism. For example, the nonselective transport mechanism may operate by
exerting a force on a fluid in which the particles are disposed, to promote bulk
fluid flow and concomitant bulk particle flow. Alternatively, this transport
mechanism may exert a force on the particles relative to the fluid, to promote bulk

20 particle flow through the fluid. The nonselective transport mechanisms may apply
a positive or negative pressure to the fluid, generally upstream (toward the input
mixture) or downstream (toward the receiver structures), respectively, of channel
54, so that there is a pressure drop along the channel. Exemplary nonselective
transport mechanisms may include pressurized gas, a positive displacement

25 pump (such as a syringe pump), a vacuum, and/or a peristaltic pump, among
others. Other exemplary nonselective transport mechanisms may include
electrodes arrayed to provide dielectrophoretic-based movement of the particles,
for example, using traveling wave dielectrophoresis to propel a mixture of
particles along the channel.

30 Sorter 50 also may include selective transport mechanism 76 that
cooperates with nonselective transport mechanism 74. The selective transport

mechanism may be any mechanism(s) configured to selectively move a subset of



mechanism may exert a force on the particles relative to the fluid, to promote bulk 20 particle flow through
the fluid. The nopgglgetive transport mechanisms may apply a positive or negative pressure to the fluid,
generally upstream (toward the input mixture) or downstream (toward the receiver structures),
respectively, of channel 54, so that there is a pressure drop along the channel. Exemplary nonselective
transport mechanisms may include pressurized gas, aeiaositive displacement 25 pump (such as a syringe
pump), a vacuum, and/or a peristaltic pump, among others. Other exemplary nonselective transport
mechanisms may include electrodes arrayed to provide dielectrophoretic-based movement of the
particles, for exQRfpIR" (R BAVEIFRHH WA/ B BINIECHOPH R Liteis Hr8pE aTixeie st along the
channel. 30 Sortglebfiria@ may include selective transport mechanism 76 that cooperates with

nonselective transport %teecge gi(ﬁlr\r/le7t4rfar'1l'she i;alect've fransport, mechs ndrc,ga Eraaélcp% any.m L(J:(,!aanism(s)
configured to selectively move a subset 120030 i‘Bi’E Oné or more particles of a mixture along a
different path thaaéities paatifesfafaticlanigtiine. Mtk ibtEom e &mbotimenthahis pania b efconfigured

to act on individugle Rartigles & sets R ticlRR BhRemATIBISYRRIQRDRANED EihgRarticles of 5

stream 58 may be spaced sufficiently so that single particles may be displaced from the stream.
Alternatively, theBaHiEIBSHER Mot e ey 0fiPRiHES & AU BOPRGRI patttiides haybe displaced

together. In eithengaseoanr emicbmenticbthemaivee tsmapaticolpsthyre(s) diperticdesqadicularly a
minor particle, may. gecur, 10(? { he S()e(l(ectl\fe transptort metchagal)%m mal)ﬁgg ppuallﬁlec-qgtrlvated,. to provide a

. . men e mi or a particylar 2] of pa Iy a.mino X
transient action on selected particles. Brlﬁse-acljljva e(L:f, as-us hergln, means ac |v3/tedrBy a transient

signal pulse or aﬁﬁt}‘ft?alﬁlllff‘@lmb‘éﬁuransient signal pulses. T_he tr_ansient signal pulses may be produce_d as
needed to s@rt particles;, gepRIAINeSERALBISH ML URgARIAr HF iIsIVRIS atinakthap BRIVAIA steady signal

15 or periodic si?nals occurring at regular intervals. Exemplary signal(s) may be an
ransient action on selected particles. Pulse-activated, as used herein, means

activated by a transient signal pulse or a by a plurality of transient signal pulses.
The transient signal pulses may be produced as needed to sort particles,
generally separated by irregular time intervals, rather than being a steady signal
15  or periodic signals occurring at regular intervals. Exemplary signal(s) may be an
electrical signal (such as a current or voltage pulse) or an optical pulse that
activates a phototransistor, among others.
The transient action on the selected particles and/or the transient signal
pulses that activate the transport mechanism may be fast, that is, lasting for less
20 than about one second. In some examples, the transient action may be a
pressure pulse that lasts less than about ten milliseconds or less than about one
milisecond, depending on parameters such as fluid viscosity, channel
dimensions, channel geometry, etc.
The selective transport mechanism may have any suitable maximum
25 frequency of transport. The maximum frequency of transport is the maximum
frequency of pressure pulses that can be produced per second and therefore the
maximum number of particles that can be displaced by the selective transport
mechanism per second. In some examples, the maximum frequency may be at
least about 100 hertz or at least about one kilohertz.
30 Selective mechanism 76 may be configured to operate concurrently with
nonselective mechanism 74, that is, selective transport mechanism 76 may

displace selected particles 62 from a particle stream created by operation of the



electrical signal (such as a current or voltage pulse) or an optical pulse that activates a phototransistor,
among others. Thgdyapsient action on the selected particles and/or the transient signal pulses that
activate the transport mechanism may be fast, that is, lasting for less 20 than about one second. In some
examples, the transient action may be a pressure pulse that lasts less than about ten milliseconds or less
than about one millisecond, depending on parametersgsuch as fluid viscosity, channel dimensions,
channel geometry, etc. The selective transport mechanism may have any suitable maximum 25
frequency of transport. The maximum frequency of transport is the maximum frequency of pressure
pulses that can BRHRIEGHER FHRISRAL A SR A fbPe T e e BN ARR LD SEISCHYRHERISRRS: can be
displaced by thersetgeihientransspbet corichasisto prersecordsinespuiseduaalples dii@icnexiumen frequency
may be at least 'ﬁbc létn%gpgfqz or at Ie:flst abouitI olgesgilohertz. Selec?ige mechanism 76 may be
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mechanism may be configured fo exert a pressure pulse locally on a fluid volume in channel 54, for
example, on a fIGIELEEAEIREEFaSiSh P8 dpEEBIsaisER HOE ECEMPKULIESES Vo laHe® PMicles 62
along second pagieZfeledmic @plaanee | aptivegremsportsuechpinisims axsvtrirafameedyritynpm electrical

devices, such as (yin-fim hesiers, e sxample iessiiedaysraland piezselediicglemsrys, among
others. Such thiffilm elecficaldevicss may Be A ua{eeéor pidly With &n actuaton pul%é)kjo provide a
transient pressurénjnufifes, Esinsichdessiusye hoydilmatbaiydiforsghoare sohsicatonTastibstrate. The

thin 1o filmggnayife foRedy hnediaklednethadasiichanEP s daPositiQny SPUIE ¥ ion,
magnetron-based deposition, and/or plasma-enhanced deposition, among others. Individual layers of the
thin-films may hé@é‘%ﬂpguiﬁﬁ@ﬁﬂmd deposition, and/or plasma-enhanced deposition,

among others. Individual layers of the thin-films may have any suitable thickness,
or a thickness of less than about 500 pm, 100 pum, or 20 um. Alternatively, or in
addition, the individual thin-film layers may have a thickness of greater than about

15 10 nm, 20 nm, or 50 nm.

Alternative sorter unit 80, also including portions shown here in phantom
outline, may include a second channel 81 disposed adjacent first channel 54.
Second channel 81 may include an inlet 82 and an outlet 84. First and second
channels 54, 81 may be in fluid communication, for example, connected by a

20 passage 86. Second channel 81 may be operated upon by a fluid transport
mechanism 88 configured to send a stream of another fluid 90 along a third path
92, which may be substantially parallel to first path 68. Accordingly, particles
displaced from stream 58 into passage 86 may join fluid stream 90 and exit
channel 81 through outlet 84.

25 The same reference indicators are used to refer to the same system
components throughout the discussion of Figures 3-10 below. Thus, to make it
easier to understand the relationship between different drawings, selected
drawings may include reference indicators for system components that are
discussed primarily or exclusively in the context of other drawings.

30 Fig. 3 shows a schematic view of a system 110 for sorting cells or other

particles. System 110, and other sorter systems described by the present



or a thickness of less than about 500 m, 100 m, or 20 m. Alternatively, or in addition, the individual
thin-film layers mgyshaye,a thickness of greater than about 15 10 nm, 20 nm, or 50 nm. Alternative sorter
unit 80, also including portions shown here in phantom outline, may include a second channel 81
disposed adjacent first channel 54. Second channel 81 may include an inlet 82 and an outlet 84. First
and second channels 54, 81 may be in fluid communijc%\tion, for example, connected by a 20 passage 86.
Second channel 81 may be operated upon by a fluid transport mechanism 88 configured to send a

stream of another fluid 90 along a third path 92, which may be substantially parallel to first path 68.
Accordingly, parfﬁ?@@'%%pl@@é(d%w§t%%%§nﬁﬂ@bé%§ﬁﬁ@88fnl?éﬁ)‘}alﬁaf}lldﬁ)aéﬁf@én?%“aﬁ%l exit

channel 81 throughianidget Bdotebtiblig Isarael teke reacgiin fioateraswicofisas dgstefier to the same system
components througho%&hfee%iz sion of Figures 3-10 below, Tq@ makﬁ it easier to understand the

! . S may nclyde, a sorter assembl e sorter assembly ma
relationship between different rawm@ls, Selected’ drawings msX/ include rattrence MAicators for system

components thabaréntarézeserigstinaliiyvdtresyhienetpirehcelanttenicsf biHeritatvippseSedFig. 3 shows
a schematic.yiew,eof A&y sherib LPHOSsREING SellL B Atheh RAFUCIRR raxetp ML e e erporter

systems described by the present 200301164-1 10" teachings, may provide environmental isolation of
biological materifiP WuEiEeiddRaoH FRORHYaR TR TLARREIES #bfn Q88N & hadpidem. System
110 may includei2casieioagagmily. Elahéheselteicasstsnalserallyne dptesfanedeiegtvivadiyith system

control electronics, 114 .and a processor. 5 included therein. The sorter assembly also. may be interfaced
fidically with a S A0 CROMGE 128 el o e e o R e Pt R I B8 ol
120 for routing flaidl fuidtiserrieerd 1thbysone passeneipigricte/fviditrartaastinopdicanipnsitis uchigist source 122.

Cells and flyid may.be, PR ik Gk inpie: Tt Shh) A J1Hich SAUEGS dl@ Y RN G dante

particle/fluid transport mechanisms, such as 10 pressure controllers 124, 126, which may apply a
negative pressuféoﬂb\ﬁﬂg%éﬁ?embly 112 and manifold 120. The pressure controllers and the

light source also may be interfaced with the system control electronics, shown at
128, 130, to provide, for example, processor-based control of fluid/particle
transport and light exposure. Accordingly, light source 122 may be a constant
15  source or a pulsed source, among others.
In operation, cells of input mixture 116 may enter and exit sorter assembly
112 via manifold 120, before and after sorting, respectively. When the cells exit
the sorter assembly and manifold, they may represent enriched populations, such
as target cells 132 and waste cells 134. In various embodiments, the target cells
20 may be re-sorted, cultured, and/or analyzed molecularly or on a cellular level,
among others. Waste cells 134 may be discarded. Alternatively, the “waste” cells
may be another population of interest to be processed further.
Sorter assembly 112, also termed a substrate assembly, may include an
electrical portion 136 interfaced with a fluidic portion 138. Electrical portion 136
25 may include a plurality of thin-film devices 140, such as switching devices
(transistors, diodes, etc.), temperature control devices (heaters, coolers,
temperature sensors, etc.), transducers, sensors, etc. Accordingly, electrical
portion 136 may be an electronic portion with flexible circuitry. Fluidic portion 138
may define a plurality of sorter channels 142 that create the fluidic aspects of the
30 sorter units.
Fig. 4 is a partially schematic view of system 110. System 110 may include

a sorter device 150 that includes sorter assembly 112 connected adjacent



from sorter assembly 112 and manifold 120. The pressure controllers and the light source also may be
interfaced with thg,systgm control electronics, shown at 128, 130, to provide, for example,
processor-based control of fluid/particle transport and light exposure. Accordingly, light source 122 may
be a constant 15 source or a pulsed source, among others. In operation, cells of input mixture 116 may
enter and exit sorter assembly 112 via manifold 120, bkfore and after sorting, respectively. When the
cells exit the sorter assembly and manifold, they may represent enriched populations, such as target
cells 132 and waste cells 134. In various embodiments, the Eﬁﬁet cells 20 may be re-sorted, cultured,

and/or analyzed RlEeHaRPor6HS! daNiEsr 1e0eRISRTRRY BRIKTS. QUERE TS 1MW HISFBE R carded.

Alternatively, thel5zasts cellgpunaydeeveiretnespapglating efdstanesicienbelierecessed fartmee Sorter
assembly 112, also ermcad a strate assemb| may include aIP electricra port'H)n 136 interfaced with a
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fluidic portion 138" e‘é‘{‘nca‘i’%%r o T8 05 S indtu il SIIRIS PRI davides tad Such as

switching devicest{ticinsistoree gitieisdevics, asopeaxtinriuderaysiernviosy ¢helerirenissdlédsanemperature
Sensors, etcy), tr YERFEeS8PS0r 3 RinANI9rdiRg Ve RIRAH ICRInREIIGRARM Y IR @R &IRGIronic portion

with flexible circuitry. Fluidic portion 138 may define a plurality of sorter channels 142 that create the

fluidic aspects oPtRESHE SHEPIRITs. GOY % RS PArlF JATERAtiE (RaY BF sTRREHIE1 60Ty M8 110 may

include a sorter sigweeldnbet Tadirckutpi soties asedteblE A hZagunesttigurdipasat i20830k164-1 11
manifold 120. Sorter, device 1?0 als%n}a% incluq one cPr r%)re [ létnre er\/.oirlsmiLeSr%l 154 8ltjéput

le-use cartridge eCtri aif (j&lﬁ) ce 16

reservoirs 156, 1%%9 and pressure controllers The' nplt an 88%% reservoirs may be any
suitable vessels acéoitbleppvatustiibures. The sorter device also may include system control

electronics f514 and 5 lightt souyc6 k24 sHltERRtNRINiIcRCISYSISIRROTHE! SILGHRIMIES: B9t RRYECe.

pressure controllers, and/or one or more reservoirs may be Separate from the sorter device. For

example, sorter BEidE 196 A, b RE 828 dird Rigserder assembly 112 due to negative

pressure exerted by pressure controllers 124, 126. The cell mixture and fluid may
travel from cell and fluid input reservoirs 152, 154, through respective conduits
164, 166 and manifold 120 into sorter assembly 112. Without any sorting by the
15  sorter assembly, portions of fluid 118 from fluid input reservoir 154 may pass
back through the manifold to be received in target reservoir 156 from conduit 168.
In addition, portions of input mixture 116 may be received in waste reservoir 158
from conduit 170. However, the action of sorter assembly 112 displaces target
cells 132 from mixture 116 so that they are placed selectively in target reservoir

20 156.
Fig. 5 shows a bottom view of selected portions of sorter assembly 112 of
sorting device 150. The sorter assembly may include a substrate 180 having a
plurality of thin-film electrical devices 140. The sorter assembly also may include
a plurality of sorter units 182, delineated here generally as a three-by-three array
25 of dashed boxes. The substrate may define a plurality of openings, such as feed
holes 184, through which fluid and particles may pass, to and/or from the
adjacent manifold 120 (see Fig. 4). Feed holes 184 may be arranged in columns,
shown at 185. Each column 185 may be aligned with a first-layer manifold
conduit, such a conduits 186a-186e, which are shown in dashed outline and
30 disposed adjacent an opposing surface of the substrate. Manifold conduits are

described in more detail in relation to Figs. 7-9. A fluid barrier that cooperates



single-use cartridge that electrically couples through an electrical interface 160 to a control apparatus
162. 10 Sorter dgyjges 129 may function in system 110 as follows. Cell input mixture 116 and fluid 118
may be pulled into sorter assembly 112 due to negative pressure exerted by pressure controllers 124,
126. The cell mixture and fluid may travel from cell and fluid input reservoirs 152, 154, through respective
conduits 164, 166 and manifold 120 into sorter assenjrﬁly 112. Without any sorting by the 15 sorter
assembly, portions of fluid 118 from fluid input reservoir 154 may pass back through the manifold to be
received in target reservoir 156 from conduit 168. In addition, portions of input mixture 116 may be

received in wast¥HBJER/ GFRASEG M URUGRAVE I HEVATEPSER atirGsdr WsteH BRI 12 displaces
target cells 132 §rowmiikenddibq sectFjsheyader placed selectively in target reservoir 20 156. Fig. 5

shows a bottom view oéaglt?é:t{aed 1Q%{tions ﬁ}:l &g%r aS%ﬁe lejl% %LulC ?(fe go&tin%evsiﬁ% %5|O The sorter
assembly may include a substrate 8'6'%vmg a plura ﬁ‘y of thin-fim electricar devieas 140! The sorter
assembly also neghadintenta gheasinpsif erteraynhe WBMedelnddasdrhdrecgenbstiyeasn@hbge-by-three

aray 25 of dasheglfexes bRl MayAelbeif pieR BRTARFOAGS HABAPdRRAs Nples 184

through which fluid and particles may pass, to and/or from the adjacent manifold 120 (see Fig. 4). Feed

holes 184 may b &MdRgEaR HGMAS, JGRIH SETHBICE AT XS 135-Hizy dsYishgiBa%hh a first-layer
manifold conduitalsticiteoanghiiterl@dar L8aeacaviicit@reosipvanimeaaisd utiranaypid, 3y disposed
adjacent an oppasing surface of the substrate. Manifold conduits are cribed in,more detail in relation
o Figo. 7.9, A nRTBL e R8N0 RS B A B S S T R IR o
disposed adjacelst thepogbstratidsanisashabatraleesutitaes($bat Figposenthe). tSotidmatetieesmay have

any suitablg strugfiuie AR IFORRRASIHAL eomey SRRRAIRENBRE PUbSIIREMRA AR AsHerRY planar.
The substrate may be 5 formed of a semiconductor, such as silicon or gallium arsenide, among others, or
same substrate surface as the thin-film devices. Accordingly, a fluid barrier
disposed connected to the substrate adjacent the thin-film devices may interface
with the manifold (see below).
The sorter assembly may include any suitable number of sorter units in
15 any suitable arrangement. For example, the sorter assembly may include more
than ten or more than one-hundred sorter units. In some embodiments, the sorter
units may be arranged in a two-dimensional array, which may be rectilinear,
among others.
Fig. 6 shows a sorter unit 182 included in sorter assembly 112, as the
20  sorter unit sorts cells 132, 134. A fluid barrier 196, shown here in fragmentary
sectional view, may be connected to substrate 180 to define the walls of adjacent
channels 198, 200 that receive fluid and/or cells. In particular, channel 198 may
receive fluid carrying cells 132, 134 from first manifold conduit 186a and through
feed hole 184a. The cells may travel along the channel to exit at feed hole 184b,
25 which communicates with fourth manifold conduit 186d. Channel 200 may
receive a fluid from second manifold conduit 186b and feed hole 184c, shown at
204. The fluid may travel along channel 200 to exit at hole 184d, which
communicates with third manifold conduit 186c.
Sorter unit 182 may include a sensor 210 and a transport mechanism 212
30 that is selectively actuated based on information from the sensor. Sensor 210
may be disposed upstream of a passage 214 that connects channels 198, 200.

The sensor may sense a property of each cell that passes over the sensor. If the



of an insulator, such as glass or ceramic. Accordingly, thin-film devices may be fabricated in and/or on a
semiconductor, ggk, &a.insulator, for example, by flat panel technology. The substrate may provide feed
holes 184, so that the manifold is disposed adjacent a substrate surface that opposes the thin-film
devices. to Alternatively, feed holes 184 may be defined above the substrate. adjacent the same
substrate surface as the thin-film devices. Accordingly%g’a fluid barrier disposed connected to the
substrate adjacent the thin-film devices may interface with the manifold (see below). The sorter assembly
may include any suitable number of sorter units in 15 any suitable arrangement. For example, the sorter
assembly may irfRRRI BhBIES tharPIEASNRLFEETIN JHRIARIGBE LB kL. YR ENMSiments, the
sorter units mayabea auigmgedriteaafwo bnvanpibpalal iy, exhimple)dabedreatiipeadiceanangvathers. Fig. 6
shows a sorter utﬂirg 1§?¢%¢'%ﬁ1%%ig %%{teggssseenztilx 112, as the 20 sorter unit sorts cells 132, 134. A fluid
barrier 196, shown fere in ?ragménctarypsecﬁgna view, may be connected to substrate 180 to define the
walls of adjacent chanhélgspeg, JTEkiaaisec@ile Ay amiidecalkinifareteaticahaeyie¢ 19¥may receive

fluid carrying cellgh3gsdatdEom st maniidsanduihiOednd saroaicfaeeanla 18z The cells may

travel along the channel to exit at feed hole 184b, 25 which communicates with fourth manifold conduit
186d. Channel 288Vi¢fy? 12 EBRe e ithifdHNsBeaisd AaMiRfdQaIREiR Slspeahd?f@eahaiBei84ac, shown at
204. The fluid mayitravel adeig chayeebrQd torexitrabd@esd 84 dhahieh 108mimatnisaiassviisthird manifold

conduit 186¢. Sqrer It 1R2 MY JaGUAS 3 Sasen 210 ad alansportmechaniem g A frat is
selectlvely actua edabaseH OR iInformation ffom t%e Sensor. sensor % may pe ISp0868 upstream of a
passage 214 theaselethiveitsienartherssage 0@, The syhopperiydspasecgpidibriyycheadtecedl that

passes ovefdhe faRsandéne 406381464 didde LIARGBE MRFIEAMRIGHRSH ST HRHITARRP
mechanism 212 may be actuated at a suitable time after sensing the cell, for example, based on a
predicted arrivalrestricts flow in one direction, for example, upward from channel 198 in the

present illustration. Other exemplary fluid diodes that may be suitable are
included in U.S. Patent No. 4,216,477 to Matsuda et al., which is incorporated
herein by reference.

15 Fluid moved by a pressure pulse from transport mechanism 212 may be
supplied by feed hole 184e, which communicates with second manifold conduit
186b, or from a separate fluid source. The pressure pulse may displace cell 132
from upper channel 198 to lower channel 200. The cell then may join fluid flowing
in channel 200 to exit at feed hole 184d.

20 Fig. 7 shows a sectional view of the sorter unit 182 and adjacent regions of
sorter device 150. Substrate assembly 112 may adjoin manifold 120, particularly
a first manifold layer 240 that defines first manifold conduit 186a. A second
manifold layer 242 may be spaced from the substrate assembly.

Substrate assembly 112 may include substrate 180, thin-film layers 244

25 formed adjacent the substrate’s surface (in or on the substrate), and fluid barrier
196 connected to the substrate and thin-film layers. The thin-film layers may
define electrical portion 136 of the substrate assembly, particularly thin-film
electrical devices 140 thereof. Fluid barrier 196 may be formed unitarily or, as
shown in the present illustration, may be formed of a channel layer 246, and a

30 cover layer 248. The channel layer may define walls 250 of channel 198. Channel
layer 246 may be formed from any suitable material, including, but not limited to,

a negative or positive photoresist (such as SU-8 or PLP), a polyimide, a dry film



time of the cell adjacent passage 214. Transport mechanism 212 may include a thin-film electrical device
216 5 that displggeg;sglgcted cells from channel 198 when pulse-activated. Electrical device 216 may be
a thin-film heater or a piezoelectric element, among others. Thin-film device may exert a force transverse
to channel 198, that is, transverse to a default path 220 along which the cells travel. The force may be
directed selectively toward passage 214, from an oppjo"’sing passage 222, by the use of 1o fluid diodes
224. The fluid diodes may be any conduit structure that selectively restricts flow in one direction, for
example, upward from channel 198 in the present illustration. Other exemplary fluid diodes that may be
suitable are incl(fR¥&8 iRSURS R RISWSY 4 2NE A 72 t@%ﬁt%@ﬁ‘%@iﬁlfPWH@Eﬁ@imdﬂ%%Wﬂerein by
reference. 15 Fllsgena4sl hyag priekgier eppotsdtficyrapanspoidromeatianisy) 22 dingy Bearappijjed by feed
hole 184e, whict? commenicatesf}yith ﬁetﬁ%d(@anifﬁld C it, 186h, or f{;om a sggarfatﬁ fluid, source. The
A :

pressure pulse magfrdlestﬁ ace &l %t2t from upﬁ))t\e/reré Hné @l?g Irg\?\ir\érdghlgﬁr?e ¢ g%%‘ﬂ then may

join fluid flowing 198cHAerea\EDdayee Rieat feddrntsid 0840 opUdEly. Tasispareat seatriithl Ul @ the sorter
unit 182 andsadjgeent 5pgIQ8Ofo SRIUBHCR ot heiIRIERIG QSRS dAgnmay 98join manifold 120,

particularly a first manifold layer 240 that defines first manifold conduit 186a. A second manifold layer

242 may be spaced frdiPth® SHBYE ReP8 B MG WIbFhE ARIt el 124 &) MeriiRidsdB8trate 180,

thin-film layers 2x¢hnabldoeyedoadiaceniriblde bgtiaielsysol Beenligore0 thecadbsjraielgnthduid barrier
196 connected tg the S@bﬁtrate argid t.in-fgm layers. Thl%l thin-film la erﬁ]rgg . define electr%%%portion 136
I t

of the substrate zr;lnsasr(]-:!];% y? articu afral)llgph(?n-ﬁwn gféagt";‘?cal %%%jg('aglw ereo”ESE@(S ‘harvier 196 may be
formed unitarily eprakiitshbitaqia defipedsenilnstestidan? majhbefifstmeanitdld Eherriel adywneas, and a 30

cover layer 248. Tie Shanngh layer @ay elgfiag, walls 2a00! SpennriLo8 Ghanrglolendfmay be

formed from any suitable material, including, but not limited to, a negative or positive photoresist (such as

SU-8 or PLP), a%@@?@ﬂ&’#ﬁﬁ%@@@éﬂﬁq feed holes 184 (see Fig. 5) via the first-layer

manifold conduits.

Fig. 9 shows a bottom view of a second layer 242 of manifold 120. Second

layer 242 may include second-layer openings 270 extending through the second

15 layer from grooves 272 formed in the second layer. Each groove 272 may be
configured to be aligned with a row of first-layer openings 260 from first manifold
layer 240 (see Fig. 8). First-layer openings 260 are shown in phantom outline in
this view to simplify the presentation. Each groove 272 may form a second-layer
conduit 274 by abutment of the first and second manifold layers. Each second-

20 layer conduit 274 may provide fluid communication between a row of first-layer
openings 260 and thus a plurality of corresponding columns of feed holes 184 in
the substrate (see Fig. 5).

Fig. 10 shows a sectional view of manifold 120 of sorter device 150. Fluid
may travel from columns of substrate feed holes (see Fig. 5), through first-layer

25 conduits 186, and then through a second layer conduit 274 to tubing 170.

The devices and methods described herein may be microfluidic devices
and methods. Microfluidic devices and methods receive, manipulate, and/or
analyze samples in very small volumes of fluid (liquid and/or gas). The small
volumes are carried by one or more passages, at least one of which may have a

30 cross-sectional dimension or depth of between about 0.1 to 500 pum, or less than
about 100 pm or 50 pm. Accordingly, fluid at one or more regions within

microfluidic devices may exhibit laminar flow with minimal turbulence, generally



14 (such as DuPont Riston), and/or a glass. Methods for patterning the channel layer 246 may include
photolithography, gigkgmachining, molding, stamping, laser etching, and/or the like. Cover layer 248 also
may define a wall of channel 198. The cover layer may be formed of an optically transparent material,
such as 5 glass or plastic, to permit light from the light source to enter channel 198. Fig. 8 shows a
bottom view of first manifold layer 240 of manifold 120"° Manifold layer 240 may include a plurality of
openings 260 extending through the manifold layer and aligned with manifold conduits, such as first-layer
manifold conduits 186a-d defined by grooves 262 of the first manifold layer in abutment 10 with substrate
180 (see Fig. 5).CRRIMGHER BYehily¥ HeynpldsispBe - ilehialdgin AaHRERiRAXitPALBIAIKSs 185 of
feed holes 184 (saiabig.tolavituthedisatigyer manifold conduits. Fig. 9 shows a bottom view of a second
layer 242 of manifold 120, Secand  laver 242 may include second;layer openings. 270 extending through
the second 15 layer fro%rﬁsg?r)oegs\é%dzaﬁoﬁﬁe({%ﬁ Sgrge%%tndo {gf/eart.)%y/aecﬁ g?grcr)]&% iﬁmr%lftﬁ?e% configured
to be aligned witHigtineivesnfiestinagiels opleiags\Eelidroniitie reaehfcltl theper ead ¢diraearily. BRsFirst-layer
openings 269 arghowia b MRIHABQURING iFh, HHE YsuKitR: MBI 956108198  drgbsgrprove 272

may form a second-layer conduit 274 by abutment of the first and second manifold layers. Each second
20 layer conduit"’ﬁﬁ'f%éy?fﬁﬂ/i%ﬂ'ﬂi@r@oﬁ%%i%%tﬁﬁ??ﬂ@ﬁﬁ%‘éWaaram'mgir%?ﬂéﬁe?sdﬁﬁﬂﬁﬁag%m and thus
a plurality of coriespoinadigueolpoasb el ferd Balgsct GAanethef stibsiiaicdsee RigusSindtigietOzshows a
sectional view of manifold 120 of sorter device 150, Eluid may travel from columns of substrate feed
holes (see Fig. é} thougﬁI firsc{rjlayer 9% conduits ﬁg‘ and then (fhroug a second layer tonduit 274 to
tubing 170. The dlemestsaifepieahotitnclixtyibed ticpedpenigsisbiseised eieideSiotkarndieeehods.
Microfluidic,deviggs apgashigdsLecsive, mariwaienaBr/tle MrlvARARMRIZS IR SAAILvolumes of

fluid (liquid and/or gas). The small volumes are carried by one or more passages, at least one of which

may have a 30 cFBSYISR&iANAEIRINSION R HHIRH BRI AbBl P1 RSB FRH, BF1BSSEhan

neither requiring nor excluding two or more such elements.



about 100 m or 50 m. Accordingly, fluid at one or more regions within microfluidic devices may exhibit
laminar flow with minimal turbulence, generally 200301164-1 15 characterized by a low Reynolds
number. Microfluidic devices may have any suitable total fluid capacity. It is believed that the disclosure
set forth above encompasses multiple distinct embodiments of the invention. While each of these
embodiments has 5 been disclosed in specific formgghe specific embodiments thereof as disclosed and
illustrated herein are not to be considered in a limiting sense as numerous variations are possible. The
subject matt@vteft thislairseld sire thus includes all novel and non-obvious combinations and
subcombinations of the various elements, features, functions and/or properties disclosed herein.

Similarly, where 1oghRGlaims Krilsy Barfibicd fisinsismgnt or the equivalent thereof, such claims should
be understood to include incorporation of one or more such elements, neither requiring nor excluding two

or more such elem@nf¥PRE AHHATTELRMBEYELNY R RIS kALYt F5RG 8 substrate
assembly indedusg éosubdtoatehagpilostbity, Girtthia-flid biedén cain ek fierrdsrntbesstibdtsate, and a

fluid barrier gonagFled {0 Mesh5iRIgSUCh dhahnisyRgIAIS AsSaRMPiHelies-a aRpangiaving an

inlet and first and second outlets,” the channel and the thin-film electrical devices being disposed
generally bethfe&haree! stk iR iRdRIRAHIER rHBYICE SirdeifarfipRre pHeBmReR BENIRRTA%0 move first

particles andsaingrateraatethecondpadicles in the channel from the inlet toward the first outlet, the first

particles and one of e seoond paricles beingrdiseasadina i anda.sesand hagspo,mechanism
configured to apply a {ransen pressure pulse on the uid 80 that at least one of the second particles is
selectively nf§¢eadontidemh B becdnerltfeamihe alat dowaetBiedfifri9syek R BrFARRIFCIRS RIS a thin-film

heater elemehk 8r more second particles being disposed in a fluid; and
a second transport mechanism configured to apply a transient pressure pulse on
the fluid so that at least one of the second patrticles is selectively moved toward the
second outlet,
wherein the second transport mechanism includes a thin-film heater element, a
thin-film piezoelectric element, or both, and wherein the thin-film heater, the thin-film

piezoelectric element, or both are included in the thin-film electrical devices.

2. The device of claim 1, wherein the substrate assembly defines a passage
disposed in fluid communication with the channel and generally opposing the second
outlet, and wherein the passage includes a fluid diode configured to restrict fluid

backflow created by operation of the second transport mechanism.

3. The device of claim 1, wherein the first transport mechanism is configured to

produce a pressure drop along the channel.

4, The device of claim 1, wherein the substrate assembly is configured so that the
particles follow a path from the inlet to the first outlet without operation of the second
transport mechanism, and wherein the second transport mechanism is configured to

exert pressure pulses directed transverse to the path.



thin-film piezoelectric element, or both, and wherein the thin-film heater, the thin-film piezoelectric
element, or both are included in the thin-film electrical devices. 2. The device of claim 1, wherein the
substrate assembly defines a passage disposed in fluid communication with the channel and generally
opposing the second outlet, and wherein the passage includes a fluid diode configured to restrict fluid
backflow created by operation of the second transpary mechanism. 3. The device of claim 1, wherein the
first transport mechanism is configured to produce a pressure drop along the channel. 4. The device of
claim 1, wherein the substrate assembly is configured so that the particles follow a path from the inlet to
the first outlét witholthegeyiseod olbinelsedidintthaspernelasiadiikirmhamtelangrtia thietdeediattransport

me_chanism iﬁIéf?rt\ﬁél%@Qt@té&%&_ﬂ&?%H@'%%QH@&%H@I%@&%@H&&%@%- channellfigdevice _Of_
claim 1, wherein the channel is _a first channel and the inlet is a first inlet, the substrate assembly defining

a second chSANEUahE SR AP TharRCIAd SRR M TP HERy HISaYRSIE'S JA_GETRRE to a third
outlet, and wheleginftine siesiosichnoet|pteok thiadifss chisanmed| rhaibed tioenfimshicladénnelith thedeocunication
with the secapg,,chiannel. 6. The device of claim 1, further comprising an optical sensor configured to
sense the at least one second particle and coupled to the second transport mechanism so that sensing
the at least one second particle actuates the second transport mechanism. 7. The device of claim 1,
wherein the 6rst transpeiévitechiagiism IS aatiigusechpaiseigalie epfloay sdriber fbvidfithreuols hensbannel, and
wherein the figw. pf.ihe uid.caniesdhe.lrshRadiclss.ANGine-enmare Second particles & gige device of
claim 7, wherein the Second fransport mechanism is con igured to” app the transien pressure pulse to a
segment of PR hevehieRshengseeditbpartiskecaritaiestibR 56 @R HSEAP I TIRERRIVR®. of claim 1,
wherein the channel structure is configured so that the first particles and one or more second particles
follow a path from inlet to the first o%tlet witho to;?.eration of the second trans or} mechanism, and
i f e ol

wherein the fransief! ¥R piIEMs i PNG Lt I U S0 TR patgchanism s red to

create a flow of the fluid through the channel, and wherein the flow of the fluid carries the

first particles and one or more second patrticles.

8. The device of claim 7, wherein the second transport mechanism is configured to
apply the transient pressure pulse to a segment of the fluid in which the at least one

second particle is disposed.

9. The device of claim 1, wherein the channel structure is configured so that the first
particles and one or more second particles follow a path from the inlet to the first outlet
without operation of the second transport mechanism, and wherein the transient

pressure pulse is directed transverse to the path.

10. The device of claim 1, wherein the substrate assembly defines:

first and second channels that extend adjacent one another and between
respective pairs of opposing ends of the first and second channels, the substrate
assembly further defining a transverse channel that connects the first channel to the
second channel intermediate the pair of opposing ends of each channel,

wherein the first transport mechanism is configured to send respective first and
second streams through the first and second channels, the first stream including first

particles and one or more second patrticles, and



10. The device of claim 1, wherein the substrate assembly defines: first and second channels that extend
adjacent one another and between respective pairs of opposing ends of the first and second channels,
the substrate assembly further defining a transverse channel that connects the first channel to the
second channel intermediate the pair of opposing ends of each channel, wherein the first transport
mechanism is configured to send respective first angygecond streams through the first and second
channels, the first stream including first particles and one or more second particles, and 17a wherein the
second transport mechanism is configured to selectively move at least one of the second particles from
the first stream in tiéhéiretnctinaefendheassporidmegbamnsin thecepianatiarmeddativelienayesetrse

c_hannel. 11.d4e gevigeirb @@é’&hé'p’ﬁhﬁ%@ﬁbﬁ] firet ﬂﬁ@f@ﬁ@érﬁﬁ#ﬁi e MBeRaMRIRS BB ARy ticles are
different types of cells, 12. The device of claim 10, wherein the fjrst stream follows a path, and wherein

the second HEHRIBAR ARRFRAN AR EShHEUNS R SEPIS ARG pressure pulses to the first stream and

transverse to the path. 13. The device of claim 1, wherein the second transport mechanism includes a

thin- film hegter. 14pJhadavice:ahgiain 1oh VORISR WS RPRIESERMANEhRrgY Ik &me path

between the first and second channels whether or not the second transport mechanism is selectively
moving a Seeaﬁ@lséﬂ@é{lﬁerent types of cells.

12. The device of claim 10, wherein the first stream follows a path, and wherein the
second transport mechanism is configured to apply transient pressure pulses to the first

stream and transverse to the path.

13. The device of claim 1, wherein the second transport mechanism includes a thin-

film heater.

14. The device of claim 10, wherein the transverse channel provides the same path
between the first and second channels whether or not the second transport mechanism

is selectively moving a second particle.





