200301164-1 1 5 SORTING PARTICLES 10 BACKGROUND Cells and other particles are often obtained
as mixtures of twg.,of,;mere 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 embodimgotrof e PuemicnE400301164-1 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 10 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 numberLafRiss N wing _albane. The sorters may be disposed in parallel 200301164-1 3
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



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, ErRIPhERRARE A a8ty SprdsrasentatisAT NP A RAIEHeyPEWM Darticle from
a lower to a highfer pereeitagee ofjibeopaiiticdatathansiaionay stibstasikisly @5 conepleiehs ssparate the

particular type of Raricle il ARE.RL MREOME! WRPBLLRATSHER 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.



200301164-1 4 An input reservoir may be any vessel (or vessels) configured to receive the input mixture
and release portigps Qfthe 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 operates to release portions selectively. The input reservoir may be a well, a chamber, a

channel, a syringe, etc. A conduit network may be any4set of passages that provide fluid communication
between the input reservoir and the sorters. The conduit network may include tubing, channels formed in
or on a generally planar or three 10 dimensional channel structure, and/or a combination thereof, among

others. The conduit nedWIIRYNERPFINRIGE2YRE SNYAEIRA! SASYERRIShER Midkied AR MRIANGHPEL reservoir

to the sorters, passagesxtbal iefeake e momides @f iierapuomatdrthe aostatsr(e). eRedsabination thereof.
For example, in mg %%er IengiIlustr%)tionagolrelguigurgﬁtvggr r208 cgrriegs%ortiqﬂgtqf rgmgrg ‘|2n4fjﬂi arallel
through a single condui AP 1 Nat Branches 5 a plurality orcoRauine 44 equeﬁ N number %o e number
of sorters. The e@naitMeationk wiky the diefied eseavmanidl@chvedesdeibeasb@lthv. valreo it receiver
structure may be,aEY,HESSE! RICUBRGEHIRRL Kidesriyng fuitandrecurdiPariglasemde gorters.

Exemplary receiver structures may include microplate wells, microfluidic compartments of a chip, test 20
tubes, culture vedRARP&2 IF'8BRTE BraYdfifmdHEs, each sorter may direct sorted particles to a separate
receiver structure, for exasoplduito maworkn pasi-Iastingy puetessinghschgginshaorinovprectsising may

include cell culture cellrlﬁ/si arbd/or mojecular ?nal sis (sensing) of Fellulﬂq or particle qons}(ituents (such
: commu caébn ettwee|n tﬁe-'” ut resefvoir an L rers. The ¢ pdw REfWarK .

as analysis of a nucleic acid, protein, lipid, ion, carbohydrate, ec.)s. n-an exemplary 25 embodiment,

post-sorting prodesyirigainde itidinie cdlibhnsistdtowed lyy eimplifisagenasély npleleds atidthrgeinput mixture

may include any faydiciso RUKEHEREIeTRRIrd ANEIES a3 HBRRMST SHer B ARIHY D MRYSEiHRY discrete,

small objects. For example, the particles may be less than about 100 micrometers in diameter, and may
be 30 biological, SSHHEREHRRK FARY BIAUTRRSErGhRR IR RARTRIBT Labriangkisam 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



thereof. Exemplary particles may include cells. The cells may be alive or dead, fixed or unfixed,
processed or unpiegessed. 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
biopsy, mucus, saliva, urine, sperm, tears, sweat, etc.), an environmental sample (such as a sample from
water, air, soil, etc.), and/or a research sample, among others. The input mixture may be preprocessed
before sorting. FSfSexEIRPIA% FRISt MRVl HEUKeaeHC oGk ePAY0bsBREESIR: pQEIEfes optically
1o distinguishabkeelin e armclodimaniaciie wikisee, maybeltsalesiordt) sydyete pelgetarsly label a
subset of the pagiclgls. Th %/%ergag be any oBII(i)ca(I)I}/e C%?tectable aterial. The 9.¥ ) gpqxebilnd directly to

the particles or bind ﬁfé:t?ge a couplézélr(gb\galen y or HONGoVAReNt 3'/3 gs&:cl ic bif Ing mem %’r, such as an

antibody, a lectirk > mpliyut@uiegsifte 0baleneYXBIrscloRY dorludereceptient sam ftgalrUcBt@sAlternatively,
or in addition, theiput Mixture MAYHRE CrllktRat Have, heeie ergiieeradapiicB asby dransfgation, to

express an optically detectable material, such as green fluorescent protein. Fig. 2 shows an example of a
sorter unit 50 th&YERNBETHEILRRBRIE 5482 SBMBILARBOWALE irfilud®h Sehn@NdRicRure 52
defining at least r@Seanchclaamsle| afhdnabaimeisstructure 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
partile/iud wavel 1n aetdoR AU 3R B Rt e Ba e B S o i

guiding surface dhewacierstie, wash be dujatsshtinydnefshobicsahdetiydfopiielioauiciese pogiaily. The
channel 25 giruciug,avHsWrPar SaerRaciaRRRYeRHPRAEIRGIH %v%hr%m%ﬁ{@ tslisposed.

Supported fluid, as used herein, is fluid that is in contact with a solid ‘surface so that the fluid is restricted

from falling. By &fﬁ%@’l‘?'ﬁnﬁ?&&oﬁe@ﬁéﬂ Rlay B cRAYEG D oATE 1GNP dBRYet8 I PEYNRPEFANS diments, the

channel structur@etectable 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



may be a substrate assembly including a substrate and a fluid barrier connected 30 to the substrate, as
described furtheg pelow, 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 200301164-1 6 may travel.
Accordingly, channel 54 may be described as a branched channel because particles and/or fluid may
travel along two or more different paths 68, 70 througﬁ the channel. Sorter unit 50 also may include a
sensor 72 configured to sense a property 5 of each particle 60, 62. The sensor may be an optical sensor
that measures an optical (or electromagnetic) property of each particle, such as a luminescence

(photoluminesceM&¥ (f&VekAHpRIANSreSEaARE FpRs¥pRErEEEEHRES ashananaheeamehy
bioluminescence)essasteingicssananciyitefagticie raftecfion andiorgaitieizai patiaes)gothers.
Alternatively, thet Sensor may %e an 1o electrical or magnetic sensor, configured to sense an electrical or
magnetic properpy otthe parﬂcpes, respectively. Sensor 72 may have any suitable size, shape, location,
and structure. In someSent®odheAtalsthanay irrlvdrsy Iensonderapaligtiediarsense ¢f phepgaiticles, that

is, long enough o seRseARRRIAE, 252 PhUARASHANS QARG e AanRs) tadehcxamleyjo measure

the velocity of the particle. Accordingly, the sensor may be a single sensor or a plurality of sensor
elements, whichFRESPh A RSO RAIBKUM HECRABN PIhBACHaPAEICIf h8USEN a8 r & B ESCRAGE any suitable

width including gonidthusuhstastialy sirarar xahepwidthiiobtbeceiasnelorThgkesisiasresenee)formed on or
below a surface of the channel, for examgleluone or more 20 gﬂotodiodeos foBmed on ofr in.a substrate that
1l e sar

defines a floor of the c”Hzralnﬁrr]]%?c ?’ﬂ%e’pr%tod? 43 %%acue/%:g doﬁﬁguré‘gqb raecelveaﬁaﬁt selec |t\|/%rlly.

Accordingly, theyefiesfiane @!Mwmwi@hi@mm)t@gmmN@mtéitatpsﬂ&hbﬁ@fﬁ&nﬂalym%bewie_ctiveI_y
permits the gassaggRipagichiagMaesnahs Qfolr'ﬁdghré@%r Yaise0dnay iRl e RneYegfefction with, a

plurality of mechanisms 25 for moving particles and/or fluid, such as nonselective and selective transport
mechanisms 74 BIPeEy PR ARERES, respectively.

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,



Nonselective transport mechanism 74 may be any mechanism(s) for moving input particles relatively
nonselectively thygughghannel 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, 200301164-1 7 the nonselective transport mechanism moves
the particles through the channel. The nonselective transport mechanism may be a continuous transport
mechanism. A continuous transport mechanism, as used herein, may be any transport mechanism that

moves a plurality6r PARGEIES iV HRYI B RERRRIISEWRRYES DB RAFIRE ThEBIRYEH eI THARENS e sent
illustration, nonsglectiveisaienvg meafspuam médenisa steganb &8 af paritias 0, Bansporand through

the channel to d%‘%gﬁ a?%Pn.G% withou osp?ratlon P[f selective transsoort mehchanlsm 76)riA Stream, as

t
.. ontinuou ransport mechanism, as_used herein, ma a .
used herein, is a succession of moving partic 25 Create gy entry into, and movement 10 of the particles

along, the chanrieTspersuseekaisnmiiabanevasvelypdtealtly of nagiclgecimeughnibg iehasmete particles
into the charnel ppgoBy Qdpakisnisr st 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 1B HeUERSIASHGECReNBS¢IRS HYEnLBRRRRE REERBIRMECNSRISH fnay operate
by any suitable saecimarisnoifRirexasple, B inenaatectivsiyanapochameenanisetaorypapecse by

exerting a force o 3 llyic i wiigh the partcles pre disRosed tgrpromote bl fig flow and goncomitant
bulk particle flow. Alternatively, this transport mechadnism may exert a force on the pariicles relative to the

fluid, to promote UKL Ospasiatedhsipthebuttyithe fruiiclaherastesk kicave trintspantd meatemesths may apply
a positive ofnegative ReRRYES KRG, THId cAERSERIVHAPSTEXESIRWAL 1he FRRih R dE) PrAOWNStream

(toward the receiver structures), respectively, of channel 54, so that there is a preSsure drop along the

channel. Exemplai5 AR & & R RS GRRMARIS M 1R 46 riigaBas e iz 885y dbak iBokltive

displacement  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



25 pump (such as a syringe pump), a vacuum, and/or a peristaltic pump, among others. Other exemplary
nonselective trangpgit 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 748The selective transport mechanism may be any
mechanism(s) configured to selectively move a subset of 200301164-1 8 one or more particles of a
mixture along a different path than other particles of the mixture. The selective transport mechanism may

be configured todt& 8h MATGIAAICIESRI8sBIYLE JP PR B GEEeEthA3HIRB. IHNEb R ¥isSdfiments, the
particles of 5 stnd@mbéureay be spaced sufficiently so that single particles may be displaced from the

stream. Alternatively, t é)artlicl?s may, not l?e seo%ced sufficiegtly sa. that OI1 0.0r. more particles may be
. . seleclive ransport mec ap{%m mi)i(¥ e con q)ure Cia '[Ol’l(l |v]1dual.

displaced together. In either case, an enrichment of the mixture for a‘particular type(s) of particle,

particularly a mimartipegioleseitagf destieler0oT Hie seidotiveltrapgsoermhedinam mrpadqrise-activated, to

provide a trgnsigpbagfian %%%@@atmigﬁﬂﬁ@%{a@ﬁg|@§p%\$ﬁaé§eﬁ%  HRE@85IRekvated by a

transient signal pulse or a by a plurality of transient signal pulses. The transien ﬁsHiS?_nal pulses may be
produced as nedtil tH S PRI TENERAIN SePAURIES AV EQLIER tFRRGREAIS S tNePthan being a
steady signal 15thatpesiodisr Sigbeds paaisieagrayegeladispianes dgwneplany signel(Hazay he an

electrical signal such as, %cqr{ﬁgt n%(tv?gafgtre é)ulgr PCB an oeglsﬁal pulsr | é[réat g&}i\ﬁ?gﬁs a r}r%gtransistor,
among others. The transient action 6N the sefedtd par icles andloPfhe trarfgicn S|g|¥aﬁ'1 pulses that
activate the tranppdiicimevhsviernrmay be fast, that is, lasting for less 20 than about one second. In some

examples, the transientactiondna ARSI RIS THALIPSS [8asnenyaRaut e miliRegonds or less

than about one millisecond, depending onJoarar_neters such as fluid viscosity, channel
transient 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



dimensions, channel geometry, etc. The selective transport mechanism may have any suitable maximum
25 frequency of rapspest; 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 Rilohertz. 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
200301164-1 9 MGRSEIEEHVR TR HNGERRAS N AABMERPRFBRf e S e ReleeiE R G port
mechanism maynbectanfigliaa it exifi) pres sorexptilaeplessilycopuis  uid ablwna flnichainee 54, for

example, on a ﬂmdcfgﬂéneg%t or. fraction 78 dispé)ﬁed a%jaceng se ongo%uygtcﬁg to d're&t art{cles 62

along second pa'{h xém]aéﬁ/xg{aqglceﬂv%ntranggo?t %rggﬂaﬁlrsrg%cmay be oPr?\Sée b?/i in-film electrical

devices, such assetianfiliouHebbsrd ¢fdiredarapielercekelantageconematipiéoelectric elements, among
others. Suchthin-film elet yigesinaYr s RstuateaHaRidh: ViR ARSGB/RNQN RYIgSHSiRTovide a

transient pressure pulse. Thin-films, as used herein, are any films that are formed on a substrate. The
thin 1o films ma;‘Fl’i“étf&%9&‘69%?Eﬁ'&ﬁet%fwadb%ﬁ@rﬁsaif%ﬁé?@&%sﬁﬁB'ﬁF'V§pl§’t¥8Fﬁ)g‘?‘”d
magnetron-basegisiepasition ckndiiplasning Bilanecedsdepakitidm ameeniatihesscdgaivigupklayers of the
thin-films may h%\é?ua%/ suitaﬁlle trg’ﬁkness or.a thickness of less tha a}]bout 500 m, 100 m, or 20 m.

t

Alternatively, or In ad ||orr{§l,IO & inc |Vi%ﬂaaf%u|ﬁyl%Rgfgrson%)?ﬂa(\a/eaaE IC |%rétsgr&s a?(ra%tglrjmﬁwean about 15

10 nm, 20 nm, oWBioﬁthAnemd/@@@ﬁtemﬁialamfimgc_ihatme_iﬁ@m@di@n@g’maﬁ@@ ve phiantom
outline, may nclygesa segond channg| &) disprseaafiacerifiset chaanel oA gscandshapne! 81 may

include an inlet 82 and an outlet 84. First'and second channels 54, 81 ma)ébe in fluid communication, for
example, conneSRBYY 2NFIESHRE BESEE HRRPSHINAHY I B3R GHRIERG R HEBYSEROid transport

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



mechanism 88 configured to send a stream of another fluid 90 along a third path 92, which may be
substantially parglghigsfirst 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 betweert Yifferent 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 patrticles.
System 110, andSYHEPSRrBIYy BIGWREI 88X BREM e th&SBIRHAIMCI RIS § L1wA -1 2§ HBACPHSHs@Pnay provide
environmental ise@ticorodiyolegitalynhaterniab sucha@sialsodatiarusé potemtisiytbazardous material from a
user of the system. Sysicm. 110 maydnslidlea satar pssembly, 1 T saiter assemibly may be
interfaced electrically with system con rol electronics 114 and a8 processor BrRcuded terem. The sorter
assembly also nisy beerfeed celddlitdibalvwitivisysiesll ¢apticheiegronics dad, aptichallpcass@parate fluid
source 118, shropgh, dunaifeld. 80 fereauting fivig- Susthermrerihe.seHshRASAP Wiayehe interfaced

optically with a light source 122. Cells and fluid may be moved from cell input mixture 116 and fluid
source 118 by oH¥Pdr MigHEDAITRIfuRPHAMAYoA FfPAaISdINE SRR D Bresalve Buitiditrs 124, 126,
which may applylamegativery éasurewitenasteanhdmeaateeatse maly del henddsamifoichly0. The

pressure controllers and the light r Iso may .he interfaced with the system control electronics,
Chown at 128, 101 & i SeLRE T R R T e S R R L5 g
exposure. Accoranmiya,idighumﬂd@maonmyrbe@r@mﬁa_lq/ﬂw sttﬁlmbpﬁrfaq&hiée@rﬁeuw_@hmong others.
In operationcells of JRVEBHiBIRG <L 1 8 MY EHRICAMHS U8 rReERIP M e Ld4-¥adNARIfalgL 20, before

and after sorting

respectively. When the cells exit the sorter assembly and manifold, thegy may represent
enriched populaff&%,%%gﬂ ASSEIRRYY ddifs 3% RMIRLLtE2CeIENE3R" GFSVET GRS EPRBISARNENRE the target
cells 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



20 may be re-sorted, cultured, and/or analyzed molecularly or on a cellular level, among others. Waste
cells 134 may begdigsgagged. 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 (tran§1§tors, 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 thA¥EAR 130 faRitehdeues bpthalssomdyictites Opfy o4 RS AMdiIjESEdMstic view of
system 110. System 1853 maypochedereosertesslerss: b0 thaisnok demsoltas assenidg. 1T2econnected
adjacent 200301164-1 1% m?éwgitoﬁld 120. Sorter devioce 150 als? ay inclucta Qe pr more ir%%ut reservoirs
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152, 154, output reservolrs , ) _ e input and ou plﬂt reservoirs
may be any suitsiblecteeseEher sl rdevive alsormravres|utiresysiest denicy elkeiranigsiddi@acdystem

control electsonigg -k 14neks ight SQuicRitvdy AliRrnajively, thendiitelie GRFIA elRgironigsclight source,

pressure controllers, and/or one or more reservoirs may be separate from the sorter device. For
example, sorter BERASH" G SEP YIRS, ARG ReFaS I POIR dBREBICIEINGIRYLEE SSRFER tRID didtrically

couples through surtelaniniicrl. iRteéaaen pR) sorteramiidl appanatubeloahfifliBarier deaieani®@may function
in system 110 as .frg)lllows. Cell input tIg;nitx

sSingle-use cartri a gllégtrllcla Iang f (Ie% iglrSUmgy he I%%:Jpne%li"i}tlger a@g s Ste mbly 112
due to negative prgssure exerteg%y pressure cc}/n(frolf%rs A? 9 66.ml'%e cell mixture an%] UI8 may travel

from cell and fluidl toptiotepparaites 1832. 154, through respective conduits 164, 166 and manifold 120 into
sorter asseqgbly 112. Withet agy.soriigg W&{ﬂef%ﬁ'é’ﬁt% aﬁ?ﬁ&?ﬁ%ﬂ?@?%ﬁvﬂéﬂ%@siﬂﬂﬁp fluid input

reservoir 154 may pass back through the manifold to be received in target reservoir 156 from conduit

168. In additionHEMIENSLErARPIAIkEREMEYEPMBYIGE FICHOER IR TPE50 Yekbrvbif 18degative

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



from conduit 170. However, the action of sorter assembly 112 displaces target cells 132 from mixture 116
so that they are plaggaesselectively 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-ﬂﬁ/-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 coltfh D85WRSIBLE ARy A WHPAANR St- I8P RRERMH A 2eH IR SRS h 8UitdS186a-186e,
which are showrsivdasheshwieilingeadigs. disprsed adjacent an opposing surface of the substrate.

Manifold conduits are gﬁgg%g ed jggqnoge %eataeil (jﬂ] res!la}l iglmI éos r[%?ijr?'%nﬁ ﬂUir% boa,lsrﬂoerr1 ttlwr?t 8ooeoerates
200301164-1 12 with the substrate to 8m' chainelS s cPlspose a(%acen thePSibstrate batis shown
elsewhere (see Eigoogiaeity). abstikatateomayitaas aerplsuipinerstigusekati@comayshvn. In some

embodiments, the shbsRie PANCBRAERRST ANCRIa8idEP WRMITRICIRRNKIRE, AnfRHPEAHRES or

semiconductor, such as silicon or gEaIIium arsenide, among others, or of an insulator, such as glass or
ceramic. AccordfMigi? IHIFIRS RUHBESHRP DO FSBIBIe I RCRHARIO NS ERi A YRGS SP 3 Sh an
insulator, for exaatpieatey flatapaoeldechelagyniibeisyst@icamas pleavidecicedhhiies b§4ls0 that the

manifold is dispgsed adjacent a sybstrate surface that opposes the thin-film devices. 10 Alternatively,
foed holes 184 18] B LCALR OB L e T obe gy PLgiRereer fopisd Rl AR v im
devices. Accordisghispoieid bdirieentispogesiretd rrttadetdhe spbesesetheljddirilthedgvicdsm devices

may interfage WHRHR BN (SREREIM AP SOTiRFAST BBl Y EUARA N RUER g BUMber of

sorter units in 15 any suitable arrangement. For example, the sorter assembly may include more than

ten or more thars8ME heRFERS P FARRiIteS G HiNsiB o bR YiERRs, ARCQKlRglY, 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



units may be arranged in a two-dimensional array, which may be rectilinear, among others. Fig. 6 shows
a sorter unit 182,jpch4ded 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 1864%nd 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 trf@PSIBN G EREHAOMSBRIINSE\aEErRBId 2830 MIERNRBMM AR ARY DRtAGHAPhanifold

conduit 186c¢. Sciter swihBB2imayitesdasingehsarel L asghaniir)spcddiechqnsiic2iizard0dhat is
selectively actuatted beﬁﬁd on inform?fon from tg%lsensor. Sensor 210 may be disposed upstream of a

passage 214 tha{rggr?nec?scgﬂgr%%g E%‘,SEGS? € sensor may sense a property of each cell that

passes over the sensofl.E$RO200BThEAHM L3 proprtinehststsoa thiediehneldairicatisievieandport
mechanism 212 {may a6, eikiisdde led Liiaie i ates S B dhe erlb-inexrmPiEkareg on a

predicted arrival time of the cell adjacent passage 214. Transport mechanism 212 may include a thin-film
electrical device 38M°% #hEt FRPIAR R @‘lé’ﬂé%f@d‘@éf%rf%rﬁ BIRANRIFCLES ARBS HuRESRAARSES Electrical

device 216 may Drimfiinddnicbaatsr otent picfopeiertic aliesvant chanpay 1B elisat Td)indisveleeice may

exert a force ansverselo,ehannel 198, hat s ensyisk, tpageful pat 220 Alonguich the cells
travel. The force may be iretted <e ecllvgly\l\foward passageaé(ﬂ, rom an oppo\éing passage 222, by the

use of 1o fluid dieelestingly. Phaitlitharadesdhay eTamy camhsingtnaiargeha Zelactivelyseestricts flow in
one directiop, forgxagesUPMAFHEOMIGASAES 198/ hthanPressitillLeratian « A& sxgmplary fluid

diodes that may be suitable are included in U.S. Patent No. 4,216,477 to Matsuda et al., which is
incorporated heF@ﬁﬁrWré@f"eﬁb@.ne 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



15 Fluid moved by a pressure pulse from transport mechanism 212 may be supplied by feed hole 184e,
which communicgtgs; yith 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 Fif. 7 shows a sectional view of the sorter unit 182
and adjacent regions of sorter device 150. Substrate ‘ésembly 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 assemgé Substrate assembly 112 may include substrate 180, thin-film layers

244 25 formed A8i5EeRt tRYBOBLIRRPS s ARHET (iR Slass tHEesuperdos) PaHa NG 2 ret2A%R connected
to the substrate @ydthiadilm dgyasiudbepghatelitno taxery maycrdefiehpiagiriosdippgiostddmiatthe substrate
assembly, partic,.JIarIyt in-film ei] octrirg:glliggv' 8se1r4[0 theﬁgf. El(l)JircTi1 barcﬂﬁr 196 may, Pe formeid unitarily

/ a da

. sSer etching,,,an . ayer Ine a4 wa anne
or, as shown in the presenpillus ration, may be 6rmied of a channe ayerri4€, an §B cover layer 248.

The channel layé®malheafveiaye Zeaydiefeinrd DO8NORLANY tiapepaestsiei@asneddfom any

suitable matgrialy inclusing, JaHt RObHMIIERYER 8N SRty R A BRI RIVIGRSAIRY (Bygh as SU-8 or PLP), a
polyimide, a dry film 200301164-1 14 (such as DuPont Riston), and/or a glass. Methods forgatternlng the

channel layer 246 may IBcRBROPHDBIRCEPHF N REIHaRRIRY R¥Riird s raRgCtadéPetching,
and/or the like. GaeifdryRly2A4 84030 apayctiefing pluvalikpbebpeneigd 280 Tdxecpauey iayRIghayebe formed of

an optically transfﬁarrﬁ]mﬂaterial 8U§|h as .5 glass or. P(Iﬁlgtic to permit tht ?o the Iii}?ts L1r e to enter

channel 198. Fig. 8's owsagekgo?{g)m v'%%%f irst Man| (fg{)e}J 20°0F MARIfole iaél(?r SNifo layer 240

may include a ploeafityitsf Wfenih ge 60l dxtegropne thediZghfttie firahifmiaifalgeleyad inligheidneith manifold
conduits, sygh a@ifﬁ%ﬂﬁé’ﬁét’é‘ei@fp@eéqfig!;%z. IRGIiHGHNSP MO0k #E uRLNR R manifold layer in

abutment 1o with substrate 180 (see Fig. ccordingly, openings 260 are disposed in fluid
communication WR EBI0IGHOR 4B CRlED %I@l@j?ggiﬁ@ 3B4issatehigstahyer hadkiolayebnduits.

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



Fig. 9 shows a bottom view of a second layer 242 of manifold 120. Second layer 242 may include
second-layer opegingss2 {0 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 subsffaREaEEE3E. BY. ?%’.WWBW@% RRsHa NI R S aRYIPE 203 LBMEr HdVice 150.
Fluid may travekftiibleabiaimisidfcsipasitate feed holes (see Fig. 5), through first-layer 25 conduits 186,

and then through a squ)ri\sg !)aéﬁ%ré: r}[%u{t %74 %é}’bsiﬂ 17 'fgﬂﬁ %%vices and methods deﬁlcribed herein

. - a e sel’”. ove encpompasses” muliple
may be microfluidic devices™ and methods. Microfltidic gdevices and methods rgcelve, manﬁ%;ulate, and/or
analyze samplesiiﬁtivétyemﬁ@mmﬂ‘tﬁggfoﬂhﬂuidvﬂi@f[ﬂd-a\‘\’dlﬂ!ﬂ gash Pﬁé@%{lﬁmémgr&fﬁef@@rried by one
or more pasgagesat [8asheng #f Whiehidyharr apgesssiinnaidimensdpasurerbeaf between

about 0.1 to 500 m, or less than about 100 pm or 50 m. Accordingly, fluid at one or more regions within
microfiuidic devig8d M4S@kpshReLeHrREARRN WithenfRNRLFIEDINR dEh SRIRP D SITESAYE 15
characterized byvariavoRe el @e ssibrherhilisipicidimaeaeices MRy dissiosuny uiaiplauodsl tuid capacity.
It is believed that the disclosure set forth above encompasses multiple distinct ?n’{godiments of the

. . . —novel~ angd “non-obvious combinatops and ~—Su c%rﬁ) inatio various,.

invention. While ach of these embodiments has b beed disclosed in specitic form, the specific
embodiments thetevkatsdfealvsesl aumntilanstranddhererediesritisetobedchersitie@iehiladylimhaig sense as
numerous yariafigns are PossiieaT e subicst MaHRIPIIhindisdasuisihusiostudgsalpevel and

non-obvious combinations and subcombinations of the various elements, features, functions and/or
properties discloSRHKERGNURIRTFERRA Whéte UL HRCRIRPHRIALIE eneoPr MR BeMhEIRF e equivalent

thereof, such clai@igher requiring nor excluding two or more such elements.



should be understood to include incorporation of one or more such elements, neither requiring nor
excluding two or,jesg such elements. 200301164-1 16 What is claimed is: 1. An apparatus for sorting
particles (60, 62), comprising: a channel structure (52) defining a channel (54) having an inlet (56) and
first and second outlets (64, 66); a first transport mechanism (74) configured to create a particle 5 stream
(58) of first particles (60) and one or more second parﬁﬁles (62), each patrticle traveling along the channel
(54) from the inlet (56) toward the first outlet (64) and disposed in a fluid (53) supported by the channel
structure (52); and a second transport mechanism (76) configured to be pulse-activated to selectively
move at least on? BRURCIRME S articles (62) from the particle stream (58) and 1o toward the second
outlet (66). 2. The apparatus ahcpiarhtvghieieio ttegchanioRlss{aasteny, (6@ prsitgesaacsiapsisate (180)
and a plurality of hin-fiImF;J] trical. devices (140) ed on the sub terf 0), the thin-film electrical
Govices (140 incLTAY & GeL T A e PE Y A S o AP e
second 15 transpuotetaefdamiein 76 intandperths ethaaistb héth sanfiosieshéntc2as) anehititieoelectric

element. 3. The BRI L BtidewiSHfiRS HEShIANSROY FBRGNMITTRE /(LS egpfigured to
create a flow of %@%@ ) througE thgech'gdn?elg4 b%/s?otrénigrgég%resgure droé a(%r% the channel (54),
fr

and wherein the P28 8RS IANG B el e Paride B8).\wiibtip JushRI4I8F any of
claims 1-3, wher@n)thad-dapoekstinciureid(B))is gepdigedasy shehaidhecpatticirisirgsay @) follows a path

(68) from the inlet, (56) to_the first outlet (64) without operation of the second {r ort mechanism (76),
the second ransSS e ARSI L) B Lo e b B e SR T aneveree o
the path (68), antavRertinast leagtobrieecsenengredsiglespl@ide i dsncthefigaricestieave bRaatdn of the fluid

(53) from thg paﬁBm@@tH@%é%@@Wﬂlﬁ“ﬂé’é‘?Q the at least one second particle (62). 200301164-1

2. The apparatus of claim 1, wherein the channel structure (52)
includes a substrate (180) and a plurality of thin-film electrical devices (140)
formed on the substrate (180), the thin-film electrical devices (140) including at
least one of a heater (216) and a piezoelectric element, and wherein the second

15  transport mechanism (76) includes the at least one heater element (216) and
piezoelectric element.

3. The apparatus of claim 1 or 2, wherein the first transport
mechanism (74) is configured to create a flow of the fluid (53) through the
channel (54) by forming a pressure drop along the channel (54), and wherein the

20 flow of the fluid (53) creates the particle stream (58).

4. The apparatus of any of claims 1-3, wherein the channel structure
(52) is configured so that the particle stream (58) follows a path (68) from the inlet
(56) to the first outlet (64) without operation of the second transport mechanism
(76), the second transport mechanism (76) being configured to exert pressure

25 pulses directed transverse to the path (68), and wherein at least one of the
pressure pulses is configured to move a fraction of the fluid (53) from the path

(68), the fraction including the at least one second particle (62).



17 5. The apparatus of any of claims 1-4, wherein the channel (54) is a first channel and the inlet (56) is
a first inlet, the chggnel structure (52) defining a second channel (81) adjacent to the first channel (54)
and configured to carry another fluid from a second inlet (82) to a third outlet (84), and wherein the 5
second outlet (66) of the first channel (54) places the first channel (54) in fluid communication with the
second channel (81). 6. The apparatus of any of claim¥ 1-5, wherein the channel structure (52) defines a
passage (222) disposed in fluid communication with the channel (54) and generally opposing the second
outlet (66), and wherein the passage 10 (222? includes a fluid diode (224) configured to restrict fluid

backflow created by operatioh'6fREXEESHAtANBbAFMBENaisHNEFBY TlerRBAURSALRHSDany of
claims 1-6, whertist itteanaebandttassplett (38 eharfigmified) isecondigniskstitacapplys raetsient pressure

pulse to a segment_ (78) of the fluid.(53)..15 8. A method of sorti rticles (60, 62), comprising: creating
B sream (58) oR s KoL e s A alader 0 B H B e B e
(53); and selectipatipspliisintiem|casecnacoinied &l pariclexer)(Fém and sweirin3BE by exerting

a transient feree QR ghROGHA8: GbB) oSO akle? (FNCIREHO T G RHEnHAIGEAN BXRIKNY 2

transient force includes app_lylng_agressure pulse on a segment (78) of the supported fluid (53) by
actuating one of &P AEBHIAEPRMIT 1B Parend RS VIEEEHE element. 10. The method of claim 8, wherein
creating a stream (58) g icludasecegpiingtasijeicany fostiantdssem®naraireianise(oBaffg) dreutitsiestream (58)

including 25 the first particles (60) and r more second.particles (62).. and wherein selectively
dieplacing inciudeELeIes & anes el RS R A Ml TP R ¥ cerectveny
move at least on@4¥ sl seegrdlyasinlesiie2hdreacend firstietréin @8) whtkeisetendaitegm (90).

10 (222) includes a fluid diode (224) configured to restrict fluid backflow created by
operation of the second transport mechanism (76).

7. The apparatus of any of claims 1-6, wherein the second transport
mechanism (76) is configured to apply a transient pressure pulse to a segment
(78) of the fluid (53).

15 8. A method of sorting particles (60, 62), comprising: creating a
stream (58) of first particles (60) and one or more second particles (62) disposed
in a supported fluid (53); and selectively displacing at least one of the second
particles (62) from the stream (58) by exerting a transient force on a portion of the
stream (58).

20 9. The method of claim 8, wherein exerting a transient force includes
applying a pressure pulse on a segment (78) of the supported fluid (53) by
actuating one of a heater element (216) and a piezoelectric element.

10. The method of claim 8, wherein creating a stream (58) includes
creating adjacent first and second streams (58, 90), the first stream (58) including

25 the first particles (60) and one or more second particles (62), and wherein
selectively displacing includes applying a transient pressure pulse to a portion of
the first stream (58) to selectively move at least one of the second particles (62)

from the first stream (58) to the second stream (90).





