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HELECTROFHORESIS SEPARATORS WITH CELL EJECTION DEVICES

BACKGROUND

ano infoctious diseases and other medical condilitns affect human life
on a continual basls, Tha life sclences resegrah and assodiated disgnostin

industties have made devslopments directed fo detscling the prossnos of

pathogens in hlood or other podily Huids as well as deledt gertain tvpes of colls
in body fluids In order to disgnoss a patient’s lliness,

BRIEF DESCRIPTION OF THE DRAWNGSR

{602} The accomparnying drawings llustrate various ekamples oithe
princiules descnbyed hereln and are part of the spécificstion: The flustrated

examples are given maraly for flustration, and do not imi the scope of the

claims.

{40031 Fig: 1 iz a block diagram of a microfiuidic devine according fo an

example of the pringiples deseribed herein

(00841 Fig. 2 a block diggram of o cassedls according to an axample of

the principies desearibad harein

aas] Fig. 3w 3 block diagram of the fhad sjsction systarm sooarding o

an axample of the principles deswribed harain,

faaus] Fig. 4 i a perapactive cutoul view of the div of Flg. 2 socarding o

o example of the prirciples described hersing

Foaa7 Figa. 84 and 88 are a front and regy parspactive visws,
respectively of & cassetie sccording to an example of the principles desoribed
hers,



WO 2019/017875 PCT/US2017/042373

3

{8068} Throughnout the drawings, dentical refersncs numbers designale
simitar, but not necessarily idantical, slements. The fgures sre not necessanly
to scale, and the size of some parls may ba exaggerated to more dearly
Hlustrate the example shown, Moreovar, the drawings provide sxamplss andfor

implementalions consistent with the descriplion; however, the descriplion is nat

fimited to the sxamples andior implementations provided i the drawings.
DETAILED DESCRIPTION
{o0e8] Human interaction durdng life science research and diagnostic

processes may ead fo mistakes in those processes. Buch mistakes may
dacresses ths ikelhood of scientific braakinroughs and increase the likelihood of
misdiagnosis of patient’s flnesses, Further, with human interaction, thase
processes may prove tadious thereby increasing the costs associated with
those procasses as wall as incrsasse the ime spent complating the processes.
Sadomation of thess processas, howsver, finils nislakes, e, and costy,
Lipdi]! Instruments and tools ussd in e sclence research and disggnostic
wrocesses have been developed o incraase aﬁi&:iéﬁc_y, decrease coals, and
decrease time spant conducting this research of completing diagnoesis.
However, these instruments ang feols do not allow for oblaining single and
relatively rare types of cells within a sample. Specifically, these lools have vt
o separate from @ sample these fypes of cells. Further, any cell separation
devices may net be capabie of separating certain types of celis and delivering
tharn, individually, into an assay plate thal includes aroamay of wells o house
the hufividual sells. By being able {0 condust such 3 calby-vell analysis allows
a wser o determing betier how cells work on the individual lavel as well az how
the hatavogensily of such behavior contributes ta the function of the overall
tssue, Conseguently, the cells nay be separsted based on ths physical
properties and then placed it the individual containers for downstream analysis
such as sequencing of DNA and RNA or mass spectroscopic analysis of

g}i‘{)‘{ei:‘fi&

s
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foa11} The presant apecifination describes @ microfiuidic devics that
includes at least one microfitidie channel, a dislsctroghoresis separsior d
saparate 8 Hurslity of cells passing within the at least one microfiuidic charmel,
and g thermal resistor o efent at lsast one coll frony the migrofiuldic device,
0012} The presernt specification also desoribes a cassetie that noludes a
dis coupled to a substmate of the cassetle, the dis including at least ong
microfiuidic chanmel, o diclectrophioresis separator glong the microfividic
sharnne! o saps ale a oluraiity of celis pasaing within the microfluidic channel,
arnet anvgiection »:imma— 1o efect at least ons of the plurglily of cells inte an assay
wetl

(s The present specification further describes » fluid sjaction system
that ncludes an slectrinal dispensing devics and a cassetie comprising at least
ane dispense head, the a least one dispense head hddiding al least one
spiorofiudic channel, a dielectrophorasis separater to separale a plursiity of calls
passing within the af lesst one microfiuidic channed, and » thermal resistor to
siect at least one call from e microfluidic davine.

fe44] As usaed in the present spacification and in the eppended dalms,
the term ‘call” is meant {0 be understood ag a fiving organism that can replicate
indspandeartly.

Lt T Additionally, ag used in the present specification and in the
appended olaims, the ter "a number off of aimitar lang g\mge— & maartio be

understood broadiy as any positive number comprising 1 o infinlly; zeve not

balng @ number, but the sbsence of & numbar,
8016] in the fullowing desoription, for purposes of explanalion, NLMETOUS

specific detalis ars set forth inorder to provide a thorough understanding of the
prasent syslems and methods, Bowill be apparent, however, to one skilled in the
art that the present apparaius, systens, and misthads may be practiced without
these specilic detalle. Reference in the specification o “an example” or sirilar
lsnguage means that a particular feature, strachure, oF charantaviatic desaitbed
in conmantion with that exgrnple s included as desoribed, bul may o may not be

moluded in other examples,
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LA Turning now to the figures, Fig. 1is a blook diagram of &

sricrefiuidico davice (180} sccording 1o an example of the principles described
herein. The microfiuidic device (100} may include at least one microfiuidis
channe! (105}, a disjectrophoresis separator {110}, and & thamma!l resistor (118}
The microfiuidic devine (100) may be Tormead inlo & cassetls that irzterfaws with
& fidd siection device. As will be describad herein, the micrefiuidic device (100}
i the formy of @ casssile may receive electrival signales and voltagss that cause
at least, the dislectrophoresis separatoy (11 {}} o separate a plurality of cells
passing within the at least one micrefluitlic channel {105} as wall as cause the
thermat resistor {1151 o be aolivatad in order to gect & call from the mivrefiuidic

devios {106}

EEER Y The microfiuidic channs! {(108) may be of any ength that sllows 3
plurality of cells from 2 sampde to be passed therethrough an info the

distectrophoresis separator {1101, The microfuidic channal (108 may fluidically
couple the gislectrophorasis ssparator (110} 1o a8 number of infets. Thes number
of inlels may include ot least one sample nlet. The sample inlet contains &
slurality of cells to be eventuaily separated fom each other downsiream using
by

irdets may alse be included upstream of the micrefiuidic channel (108} and may

erdr
0

diglectrophoresis separator (110). In an sxsnpde, 8 numbey of shegth fluid

marge with the flow from the sample inlet upstream ofthe g issiectm«;:&ha resta
saparator {110). The sheath fluid provided vig the sheath fluid inlets may be

any type of fluid that providés g flow through the miorefiuidic channe! (108} and

disle Ump%mmsus separator {110} and, in soms examples, may cause the

glurality of cells to gensmaily ine up while passing through the dislestrophoresis
separator {P1GL The lamingr flow creatsd by the sheath fudd may provids for

relatively easker separation of the plurality of calls in the dislectrophoresis
separator {1181
eI The dislectrophoresis separator (110} implaments an gleclrical

fiald on the plurality of cells in order to force the cells 1o be separated from sach
other and pass into different outlel microfiuidic channals {105} and away from
the dislectrophioresis separstor (110). in order for the slechivel field to affect

the pluraiity of cells, the calls do not bave to be chargsd at all Instead, because
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the celis sxhibit dislectrophoretic activity in the prasance of alectric sk, the
differard typosof calis may react differently in the presence of the sleckrical feld
and are thereby separated as the travel fvough the dislectrophoresis separator

{110}
FU30 The migrofiuidic channals (108} may further dirsct separated cells

generally i one of bwo different outlets. One ora plurality of types of cells may
be directad o a wasts oullel, The waste oudlst may include o location within the

I‘

microfiuidic device (100) wheare cells not 1o be analyzed or otherwise sjsclad

from the microfiuidic device {100} may be maintained.

{88211 At least one type of cell may be divected fo a firing chambey
defined in the microfiuidic devics {100} that contains & thermal resistor (118} In

an axample, the thormal remator {118} may eject from the microfiuidio device
{108} one onll at a time. The cells may be specifically gjested inlo @ well deline
within a wall plate. The microfluidin devies (100} may Bave ol least one nogle
definad therein through which the csll may be sjectad from the microfliddio
davice {100} using the thermal resistor (118),
fBo2E] in an examyle, o number of sense slechrodas may be placed

S

upstream of the fring chamber and thermal resistor (115}, The sense slectiods
may, inan sxample, detec! at least the presense of & cell as it passes feorn the

felectrophorasis separaty {110} and into the firing chamber, I @i example,
fhe sense elsctrode may defect the type of call passing fronythe
dislectrophoresis separator (110) into the firing chamber. in an exaraple, the
rricrofiticdin devine (100} may further cause some cells 1o bs sjected ilo a
spittpon defined on the woll plate. In this axample, the calls gjected intd the
apittoan have baen detectsd by the sense slectrads fo be a typs of geilt to not be

yalyzed within g well within the well plate. In this exaraple, the cell that s nat
in he analyzed may have mistakenly made # into the microfiutdic channet (105
teading to the firing chamber, The senss elsctrode discovers this, and nolifies,
for example, @ fluid ejsction device that the coll inthe firing chamber gt any
given time s a type of cail 1o not be analyzed. Upon receipt of this indication,
the fluid sisction device sauses the microfuidic davice (100} and thermal

sistor {115) 10 giect the call into the spittoon instead of a well,

k3

¥
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G023} Ag mentioned above, the microfiuidic davice (100} may nterface
with a Suid sjecton device that divects, at lsast, the dislestrophoresis separator
{114} {o separate g phurality of galls and the thermal resishyr {1& o gect o
least one call from the miforothuldic device (100Y v order 1o sccomplishy this, the
microfiuidie device (100} may includs a number of alectrical races that
slecticsily couple the dislectrophorasis separator {110} and thermal rosistor
{115} to a vollage source provided by the fuid slection device. Thess slectricn
races may be hudih within the microfividic device {100 andior definsd on a
number of surfacss of the microfluidic device (100}, The fluid slsolion devics

it

may nferface with these slechrics! traces to provids the vollags as described

herain,
[OG24] The thermal rasistor {118} may be any tvpe of device thal may

hreat up a portion of & Hguid in ordey to sject at least one cell In that ligudd ocut of
a firing chamber defined in the microfiuidic devics (106). To do 30, the therma
azistor {(115) may be slechically counded 6 a vollags source via the slecirioal

Pt

races describad haraly. Uis to be understood that the thennal resistor (T8 is

3

meraly an exarmple of a device thal may sject a fiquid sndior call from the

micrafiuidic devics {100} gnd the present specification contemplates that use of

ary tvps of slection devics that may be used o gisct the cell

[ao2sy Fig. © i a block disgram of & cassetls (300} according tn

example of the principles desaibed horein, The cassette 300} may include a

die (210} couplad to a substrate (305) of the cassette (2003, The dis (210 may

include gt least one nicrofiuidic channe! {318} defined thereln, &

dielantrophoresis separator (220) 10 separate 2 plurality of calls from sach otheyr,

and an ejaa:ti’an davion (F28) to afect at least one call fram the dis (218 and
cassetie (200}

{038 The substrate (308} of the cyssells (200) may be made of any

resihant matenal that may interface with a Suld sjection device as desarthed

nerein, nan axample, the subsivate (208) may e made of g thermoplastio

material. in this example, the hermoplastic malsdal may be doped with a none
conductive, metallic, incrganic compound. In this example, & number of metal
traces may be added fo any suiface of the cossetie (200 using a laser direct

e]
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structuring {LDS) process. During the LDS pravess, the non-conduntive,
mataliic, inorganic compounds are activaled by a laser providing & swriscs inte
which @ laver of conductive metal may be dapositad using, for example, an
glecircless copper bath. The metallic layvers may alse be in sladrical
cormmunication with a number of die pads formed o 3 exderior surface of the
die {(310). The dig pads provide an glactiical infterface betwean a number of
alecirical iraces formad on the sufacesf the substrate (208} so that electrical
pulses andior volfages may be provided 1o the election device (225}, other
microfividio devices, and orthe diclecsirophoesis separator (2205 dwing
operation of the casselie (200}

027y Iry s axamp%ea the die {210 s coupled 10 a surface of the
substrate (208), Opposite the surface of the substrate (308) whers the dis (210
has boan coupled, a reserveir may be formed o recelve a sample containing
cafis. In this example, the reservolr may feovide access 1o g user in erder for
the yser to deposit the fluid contalning cells in the reservalr for everiust call
delivery to the die (210} through a siot defined i the subsirate (205} batween
e resarvolr and die (2101, As described above, the die 210 may further

include a sample inlet that recelves the uid condsining vells from the siot and

PSSO,
(G028 The slecirical fraces defined on the surface of the subsirate (205

may Turther inslude 8 number of cormection pads used to interface with a fiud
sjgction device, These connaclion pads may nterface with, for example, 8
number of pogo cormentors of a printed ciroull sssambly (POA) of the fluid
gjoction device.. This alfows the casselte (200} o intevface with the fudd siection
device and be used by the fluld gjection device to saleciivaly ejsct cells from the
die (R10% and into g well piated prasantad below the cassefie (300},

faesy The digdectrophoresis separator (220) may he similar w the
diglectrophoresis separatey (Fig, 1, 110} desoribed In cormaction with Fig. 1.

The dislectrophoresis separator {320} separates one call from anather based on

]

a number of characteristios including type, size, and shape of sach of the cells
The dislectrophorasie separatey (320} may oreate an electric fleld tuned to

separating the cells frony each other hased, at least on one of these
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sharacteristios, &s the dislectrophorasie separator (320) separates the oells
accordiig to one of these characteristics using the sleciric fiald, the cells may
e fhidinally moved to a microfiuldic channel (218) leading 1o any numnber of
cutiats as desoribad hereln, One fype of outlet includes a firing chamber
housing the siection device (228}, As the separated cell ravels inwards the

firing chamber, it may pass a sense slectrode that can detedt the characlenisdics

&

f thre oell passing by and determine whether to gjsct the cell infe & well defined
i aoweall plate orinto & waste spittoon. by either case, the call may reach the

slaction shamber and be alected from the die (210} using the ejection device

{225).
{20341 The sjection slevice (2281 may ba any type of device that can sjeat

z call from the dis (210) of the casselis {200). Examples of types of slection
devices may include thermoresistive devises and plexceiectiic devices, B an
axample, the ajection device (235} is a plezeslsciric device as oppossed {o &
thanntrasistive devics whan the oall s Pt o be Hested hafore being daposiiad
o e wall of the well plate. In some sxamples, & thermorasistive devics may
be implementad as the sjection device {228} for the dual purpose of preparning
the call through heating as well as sjsction frony the die (210

U Fig. 3 i a block dizgram of the fluid sisction system (300]

Fr

accmdmg i an exanpde of the principles desoribed herein, The fluid gjection
ss;,, sy (300) mgy nddude an elsciical dispansing devive {305) and 3 cassaelle
310 1o selochively interface with the electrical dispensing device {305}, The
casastte (310} may include a dispense head {315) having at lsast sne
riorofiuidic channe! €320), a dislectrophoresis separator (325}, and g thermat

reasistor {380,

{0032 The slectical dispensing device (305) may de any device thet
provides an stectrical vollags to at least the dislectrophorasis separator (338)

~

and thermat resistor (330} of the dispense hoad (315} and selechvely move the
i
dispenze head (315} using the thermal resistor (230% In an example, the

cassells (31D over 3 well plats in order to cayse 1 ol to be gjpctad from the

b

slectrical dispensing device (305} may causs 2 single cell to be ajectad from the

dispense head (3151 In an example, he dispense head (318} may sject a

<

3
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number of cells into the well plate one cell al a timea In gnother exampleg, the
slectrical dispensing device (305} may cause the therma! reststor (330} tv ejee
& plurality of calls al & time into a well of the well plata.

80331 The slecirical dispensing device (305} may be communicatively

2 nompuling devices inchuds servars,

o

coupled fo 3 compuling device, Examp!
deskiog computers, laplop compidars, personal digital sssistanis (PRAS),
minbile devives, smariphones, gaming systams, and {ablets, among other
computing devices.

[Q634] The slectricnl dispansing devios {308) may be wtilized in any dala
processing scenario including, stand-alons hardware, mobile applivations,
through a computing network, or combinations theres!, Further, the slectricsl
dispanging dovice {308} may be ussd in & computing network, 8 public cloud
network, & private olowd nebwork, s hybrid cloud aebwork, other d forms of
networks, or combinations thereof. The prosent aystams may be inplemented
an one or mudtiple hardware platforms, i which the modules in the system can
ha axeculed oo one or across mudtiple platforms. Such modules can runon
varioua fanns of cloud technologies and hybrid cloud techinoiogies or offerad as
a Saal (Software a3 & ssrvive) that can be implemented on or off the clowd, in
another example, ihe methods provicted by the fludd sjection systam (300) are
gxecuied by s'ioposl administrator,

{00357 To achisve its desired functionality, the dlectrical dispansing
devics {308} comprises varicus hardware componants. Armong thess hardware
components may be a number of processing devices, 8 number of data storage
devices, a nurnber of penpheral device sdaplers, and a number of netwark
gdapters. Thase hardware components may be inferconnaciad through the use
of a number of busses andfor nebwork conmactions. I ons axample, the
processor, data storage devics, parphsral device adapters, and nebwork
adapter may be communicatively coupled via 8 bus within the slectncal
dispansing device {308}

[o03s] The processor May ncluds the hardware architecture o redrieve
executasble code from the dats storage device and execite the sxsvudable codes,

The exaculable code may, when exscudad by the prosessor, cause the

&
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processor o implement at lsast the funclionslity of sending a vellags o at lsast
the dielectrophoresis separator (325} and/for thermal resistor (330}, according ©
the methods of the present specification described hersin, it the cowrse of
executing code, (he processor may recelve input from and provide outpul to 2
nivmbar of the rermaining hardware units,

{8837 The dala storage device may store data such as execiable
program cade that is sxectted by the processar or other processing devios.
The data storage device may specifically store computer code reprasenting a
number of applications that the processor executes 1 inplement at least the
funclionality described herein,

{Oa3R] The data storage devioe may include various types of mamory

miedutes, noluding volatile and nonvotatife memory. For exampde, the dala

f}/

storags device of the present example ncludes Random Access Memary
(RAM), Read Only Memaory (ROM}, and Hard Disk Drfve (HOL) ma mary, Many
Sther types of memory may also be wtilized, snd the prasant specification
sortemplates the use of many varying type(s} of memory in the data slorage
device as may sult 3 particular application of the privciples described hevein, In
cartain sxamples, diferent types of memory in the data storage devios may be
used for differemt data storage neads. For exampls, in cortaln axamples the
processor may boot from Read Only Memaory (ROM}, maintain nonvolstile
storage in the Hard Disk Drive (HOD) memaory, and edecuts program code
storad in Random Access Memary (RAR].

FO0381 Senerglly, the data storage device May Compise g comprier
readable medium, & computst readatle storage mediuem, or @ non-transitory
somputer readabie medium, among others, For exampls, the dala storage
denice may be, but not imited o, an electronic, magnetic, optical,
slectromagnstic, nfrarad, or samiconductor systam, apparatus, or davice, of
any suilable cormbination of the foregoeing. More specific examples of the
conputer readable storage mediem may indude, for sxample, the followingtan
siactrical connection having 8 numbsr of wires, 3 poriable computer diskelte, &

=2

hard digk, @ randomeaccsss memory (RAM), a read-only memary (ROAM, an
¥ X !

&

rasable programmable read-only mamory (EPROM or Flash memary), @

16
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portable compact diso read-only memory (CH-ROM), an optical sterags devive,

=

a magnalin storags davice, or any sultable combination of the foregoing. Inthe
context of this dosument, a compuler readabile storages madium may be any
tangible medium that can contain, or store compider usable program code for
uss by or in conmnaction with an struction sxecution sysiam, apparatus, oF
device, inancther exampls, & computer readable storage medium fuay be any
son-ransitory madium thal can soniain, or sitre & program for gse by or in
connsction with an instruction exscution system, apparstus, or device,

f8040 The hardware adapters i the slectrical dispansing device (308}
anable the processor o interface with varlous other hardware elements,
axternal and ntemal {o the sleolical dispensing devips (305). For exampls, the
seripheral device adaplers may provide an interfase to inputiouipul devices,
such ag, for sxampls, displey device, 8 mouse, or & keyboard. The periphersl
device adapters may also provide access {o other exdemal devices sugh as an
sxternal storage device, a nurpber of natwork devices such ag, for exampls,
servers, switches, and routers, dient devices, other types of compisting devices
and combinstiong thereof,

o041y The display device may be provided o allow g user of the
elecirical disnensing devics (308) to interact with and implement the
functionality of the slevtrical dispensing devics (308} as deswibed herein, The
paripheral device adaplers may also create an interface belween the processar
and the display devics or other madia output devives. The nebyark asdapter may
provide an interface to other compuling devices within, for sdample, a netwark
thersby anatiing e transmission of data bebween the slectscal dispensing
devics {305 and other devices looalad within the netwark,

fan423 The sigctrical dispensing device (308} may, when axacuted i:;g the
processor, display the number of graphical user intevfaces (GUs) oo the digp

device associsted with the exscutabls program code representing the nurnher
of applications stored on the data slorage device, The Gllls may includs

aspacts of the exsculabies code including the presentation of different gjeclion

oriteria sndfor processes to be conducted based on the type of vells o be
giected from the dispense haad (315) of the casselle (310}

1
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{0043} | The dispenae head (315) may be similar to the die {Fig. 2, 21
Juscribed above in connsction with Fig. 2. Specifically, the dispanse head
(315} may include at least one microfluldic channel {32Q) Huidically coupting &
sample et to the diclectropherasis separator (323} and the diglachrophoresais
separator (3235) fo 8 number of fuid cutlets as de ssovibed herein. The dispansea
aad (315) may nclude any number of fiedd infets including 2 sample inlet and &
sheath fluld inlet, The dispense head (318} may nchide any number of cutiets
including 8 waste cell outlal leading to a waste depository defined within the
dizpense hesd (318} and a test call putlet lsading o & fiing chamber higusing
the thermal resistor (330) for sventual gisotion from the dispenss head (318}

o a substrate such as a well plate

{ﬁ@e@&%} The casseite (310} and 8s dispenss head (318} may be caused o
he selectively engaged with the slecticed dispensing device {BU5) Engagng

the cassefte (310} with the slectrical dispansing devite (303) may cause &
e (310} and
dispenss head (318) and on the casselts {310) jiself to slectrically © gommunicate

sanber of alectrical traces anulior pads formed between thacas

(l}

with slectical connectors of the slectrinal dispensing device (308} In this way,
the slectrical dispensing device (308) may provide signals and vollages b the

casseite (3101 via the electrical races and pads as deseribed hersin,

{00458 Any number of cassettes (310) may interface with the electnical
dispensing device (308} at any ghven tme o fov any durgtior. In soms
axaniples, the cassettes (310} may be disposable therehy decrsasing the
possibility of crogs-contamination between different testing procedurss of ool
samples

jn4as] The slectrical dispensing devics {308) may further maintain 8

subsirate onfo which the cellz sjected from the dispense head (315) ofthe
sassette (3101 may be placed. Iy an sxampls, the substrale is a well plate with
a number of wells defined therein. During opetation, the slectiical dispansing
devine (305; may dhirect or move the cassetle (310}, and specifivally the
disperse head (318), over a ceviain location of the well plate s as to be able fo

sisct at least one call into one of the weills,

12
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{0047} Fig. 4 is a perspactive cutout view of the die (210} of Fig. 2
according to an axample of the principles descibed herein. Inan example, the
dis {210} shown ts Fig. 2 is a porfion of a larger die. In this sxample, the
miorofividic channel (315, diskectrophoresis separator (220}, andfor e@c&‘i‘mn
device (228) may be provided muliple fimes within @ single dis (210}, the

portion of the dis (210) baing shown in Fig. &

[B04R] As described above, the dis (210} includey al least one
riorofiuidic channst {2158}, A number of microfluidic channels {215) may
fuidinally cou mmber of sheath fliid inlste (230, 340} o the
ﬁieieuﬁmphamsi separator (3207 As described hereln, the sheath fuid inlet
(230, 240) may provide a sheath fiuid v a culmination portion of the wicrofiuidic
channals (215) provided upstrearn of the dislectrophoresis separator (228 A
number of microffuidic charmals (18} may also fuidically coupls s sample el
{235) o the diglectrophoresis ssparator (380}, The sample inlet (238) may
provicis a sample including a plurality of cells 1o & culmination portion of the
mmicrofiuidic channeds (218) upstream of the diaiecia*ag%mw siz saparator (2203

{3049 In an example, the micrefividic channsels (318) immediately

.

downstresm of the sheath fuid infels (230, 240) and sample inlet (238} may
merge togethar before reaching the dislectrophoresis separator (320} The

alfows the sheath fuld and sample containing celis o mix bafors the

diclecirophinresis separator (220) appiies the slectiv filed on the mibdure
FRO5E) As the mikture of sheath fluld snd sample with cells enter the

diglectrophoresis separator {220}, the slechic filed applies o force on each of

the cells thareby separating them into a number of microfivids channels (218

downatream of the dislectrophoresis separator (2205 The ap;ﬁicaﬁeﬁ of the
slaciric fisld may infuence different types and sizes of calls differently leading o
the separation of the cells from each other,
east] The disglactrophoresis separator (2201 may have a first slectrode
(2801, a8 second electrode (2858), and & ground {270 that creates the eleclric
finld withirs the dislectrophorasis separator (220), As desoribed herein the

voltages applind fo the first snd second elschiodes (280, 268} may be providad

by
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using a voltage source nasoctated with an sledirical dispensing devise {Fig. &,
308},
{B052] Az the cells el the dislectrophoresis separatay (320} they are in a
separated state and flow o & number of cutlets basad on whether the cells
are to be alected fron the dis (210} or not. The cells that are not {o be sjected
from the dig {210) and, consequently, not to be part of & disgnostic process at
the wall plats, may be dirscted 1 a wasts outlet (248). The waste outiel (248}
may be g cavity definad within the dis (210} that may hold an amount or number
of pells therein. The cells o be glected may be sent fowards o tast call outiet
{E88), The test call putlet {288) may be or may further lsad to a fiting chambsr
i which the ejection device {2251 may be placed. The sjection device (225}
may then siect the sell from the die (210} as described hevain. Differentiypas of
calls may further be lsad to an analysis outlet {250). The analysis outlet (250}
may be an outlet where calls o be lested within the die (210} may be% divaoted,

Arsy bypeof incdie (29 0) analvsis may be made and the present specification

3

sonternplates those devices usad o compiste those analysis.

10083} The microfiuidic channs! (215} sading rom the dislectrophoresis
separater (220} to the sample infet (235} may further include a sense slectrode
{278y, The sense slaclrode (2 ‘“} may senss both ths presance of a coll as well

as ihe type andfor chiaractesstics of the cell. On some vooasions, oells not o

he alected may have gone down the microfluidic channel (218) leading to the

tost nal nutiet (3558}, In thiv case, the sense elecrode (378) can detest the
cresencs of that call and indivate fo the slectncal dispensing device (Fig. 3, 3085

indicating such presence. The elactrioal cﬁgpensin; davice {(Fig. 3, 308} may
thew direct the die (210} i gject the osll, not inte @ well of the wall plate, but
instead inlo'g spitioan

{0543 Figs. 5& arnsd 58 are a ont and rear psrspective views,
raspectively of 3 cassatts (310} accmd‘mg te A example of the principles
desgibed here, As desoribed ahove, the casselte (310} includes & subshrate
{305, a die (310} voupled © the swbshrale {28533 arwl & reservolr (508 defined
in the substrate (208). The casssite (310) with s substrate (208}, die (210},
and reservnir (508 may all be similar to those slements as desoribed harain,

14
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{3055} The substrate (208 may be formad {o allow a user 1o ingert or
otherwiss interface the cassette (310) with & system fur gjecting 2 luid indo an
assay suoh ag the asclrical ti‘sspsamsmg davics {Fig. &, 303}, hihe sxampla
shaw in Fig. 5, the substrate (208) may include 3 handle {818). The handle
(S10) allows & user o grip the cassalle (310} In order o manipulate the cassells

A%

{310} and place the casselie (310) into the systont usad to eject a Huld inte an

ASBAY.
[OOSRY The cassstie (310} may further include g numbser of cormestion
pads (815} and alectical traces {820} so that tha dia (210} of the casselle 310

can recaive aleciicsl signals d§§'ei;i§ﬂ§ whery, where, and how 1o gject an
amouwd of fuld andfor gell therelrom, an example, he cassealle 3101 s

maovead ralative 1o an assay plate pogitionad below the cassette (310} such that
&5

placerment of the die (210} over any portion of the assay phate and gjechion of

k3

fiuid andfor cells ©

et

o tha die (2107 allows an anvnunt of fluid andfor salls to be
sjectad info any number of wells formed in the sssay plate. The ejection of the
e die (210 s directed by a controller of the electrical dispansing

L 3, 3G8) for ajecting 2 Buld ndo an gesay as desctibed gbove,
{i}»{iﬁ?} Thus, it order o allows the casselle (310} {o interface with the
slachkical dispensing device (Fig. 3, 308}, the cassstle {31 8y gy Include g
number of connection pads (818} that ivterface with, for axample, s numbsy of

n

pogo connactors on & printed olrcult assembly (PO&) of the elsctrical dispensing

devies Fig, 3, 308} In the examples shown the figures of the present
desorintion the number of connection pads (518} s fen. However, the present

apecification cortamplates the use of less or more connaction pads (818}, The
number of connection pads {3181 mgy be varled among differend examples
bacause the dis {210} may recaive signals from the PCA directing a number of
microsiectromechanical systerns (MEMS) devives i be activaled
Conseguently, more or less connection pads (815) may be added or sublracted
from those shown in Figs. 88 and 58 based on the number of signale used o
aotivaie any number of MEMS devices within the dis (210}, Not el of the
nonnection pads (515 have been indivated in Figs. 5A and 68 in order to aliow

for botter undersianding of the casselle 310)

15
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{2058} rvan exampls, 8 number of slectticst traces (820) may slecinically
counie sach of the connaction pads (518} fo 2 vin I528). hotherexamples, the

s to the theli

"'C}:ls

connection pads (815) themaslves may be slecirically cou
razpactive viag (B35 withowt the uss of races (520}
806591 By any axampls, the connedction pads (513) andl glacitiioal traces
(520} may be formed oty the sirface of the subshate (208 using a LDS
process. Again, during the LDE process, the not-conductive, mstalife, inarganic
gompounds are aclivated by slaser providing ) steface into which @ layer of
conduct metal may e deposited using, for example, an electrless copper bath.
Theovias (825 may provids an aeledirical connaction 1o a number of other

aslscivical raves (5201 farmead on an apposite side of the cassetie (300}

{0060} The sysiamns and devices described hasin provide for the
separagtion and ying of cells, sspecially relatively rarer oells, thereby

furtharing the madicing and biclogy fieids. Such separation of celis allows
biohugist and clinjoat sclertiats o sequenes of DNA s RNA, ormass
spectroscopic analysis of the proteins of the single cells and, consequently
aliows ham 1o undefeland how cslls work on the individus! level & well ss how
the haterogenaity of such behavdior contributies o the fundtion of the guerall
fiszue.

R Such zeparations of cells are alsd used for diagnostios of
digpases, cspadcially thosa driven by the relatively rarer cells. An example of
suoh disease s cancer, whialy jo driven by circulating emor calls in the patisnly
bioad. Circulating tumor cells are responaible for metastasis and the melastasis
i1 furn is what causes madical complications for cancer patienty’. Deteclion,
saporgtion, snd analvsls of thess metasiasis cells provide banefits in cancer
reqaarch,

[B0R2Y Aspedtz of the present system and method sve desanbed harain
with reference o flowcharnt Mustrations andior block diagrams of methods,
spparatis {systems) anslcormputer program produsts aocording toexampliss of
the pringiples descrbed herein. Each blook of the Howehan flustrations and
biock diagrams, and combinations of blocks In the flowchart Hlusirations and

§

Mook diagrams, may beinpemented by compuder useble progranoode, The

18
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comnputer usable program code may be provided to a processar of a general
purposs compiter, special purpese compuler, or other programmable data
processing spparatus to produce a maching, such that the computer usable
progeam code, whan executed via, for example, the processor of the slecinical
dispensing devics {Fig. 3, 305} or other programmable data processing
apparstus, nplement the functions or acte specifiad i the Bowehart andioy
block diggram block or Blocks. I one sxampls, the computer usable program
code may be smbodied within 3 compuder readable storage medium; the
computer readabds storage madiuns baing part of the somputer program
product. In one skamiple, the computer readable storage madium s & non-
fransitory compuier readable medium,

10063 The preceding description has been prasentad to Hustrate and
desorits exanples of the princlples described. This desoription is nol infendsd

to be sxhaustive or to imit these principles to any pracise fonm disclosed. Many

madifications and variations are possible iy Bght of the above teaching.
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CLAIKMS

WHAT IS CLAINED 18

& miterofividie device, comprising:

at least one micrafiuidic shannst;

2 dieiaﬁtmphmesis separator {o separate a plurality of cells passing
within the at lsast one microfluidic channeal and

& thermal resisior fo ejent af least one oall rom the mivrofluidic device.

2. The microfluidio devics of dalm o, further comprising a plurality of

mierofiuidic cutlet channeis downstream of the al least ons microfluidic channed

o divect the plurshily of calls zepartad by the dislectrophorgsiz saparaior o g

waste nall raservair, 1o the tharmal resistor, or combingtions thereot.

3, The microfiuidi device of claim 1, furthar comprising &t least ane nozezle

fuidically couptied fo the thermal reslstor through witich the at least one cell s
gizcted from the migrofluidic device.

4, The microthadic device of slain 1, Sty comprising @ cell presence

datactor downstream of the-dislectrophorests saparator to datect the prassnes

of at lsast one calll

5, The microfiuidio davics of olaim 1, further comprising at least one sheath

How resareolr o provide @ sheath flow o the al least one microfiudic channst,

8, The micrafiuddie devics of glatm 1, further compyising an inletcell

aservoir to provide a fow of cslls hrough the ale least one microfuidic channst

7. A cassette, comprising:
& dis coupled 1o o substrate of the cassetls, the dis comprisin

at least ons micrgfiuidic channsl,

15
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& dislectrophorests separater along the microfiuidic channel o
separate a plurality of cellx passing within the microfluidic channel] and
a1 ejention devine to sjsct at loast one of the plurality of cellsinto

an assay wall,

& The cassetie of claim 7, further comprising a plurality of branching
microfliadic channels {:c}u;}i@d o ot downsiraam of the micrpfiuidio chanpet

g. The cassolte of claim B, wharain aach of the pliurality of branching
miorofiuidic ohannels includes a sensing slectrade to sanse a cell within sach of
the branching microfindic chameis.

10, The casselle of claim 8, wherein a frst branching microfiuldic channsl is
Huldically couplad to 8 waste cell reservoir and & second branchivg micrefiyidic

channed s fuidically coupled o the sjection devios,

11, The cossatie of claim B, wherein a second branching migrsfluidic channed

is Huidically coupled to an analylic device defined in the cassetlte.

12, A Huid glection syslermn, comprising:
an slectrioa] dispensing device; and
& cassatie comprising at least ons dispesnss head, the at least ane
dispense head comprising:
at lsast one milorofluidic channad;
a disleotrophoresis separator {0 separate a pluraldy of cells
passing within the at least ons microfitidic channel; and
a tharmal resistor o gieot at least one oall frory the micrefiuidic

chavice,

13, The fluld slection systam of claim 12, wherein the electiical dispensing
further comprises an multhwell assay plate 10 recsive the al lsast one osll

gjaciad by the thermal rosisior
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14, The fiuid sjection system of claim 12, furiher comprising a nurmber of
slacirical connsotion pads defined on a surface of the cassetia to interface with

the elsoirical dispensing

,
]
Z,
3

18. The fluid siaction system of olaim 14, wherein the slectrioal dispeneing
davice provides a vollage to the dislectrophoresis saparator via the number of

stechinal connection pads.

3y
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