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FIELD OF INVENTION
The present invention generally relates to systems and methods for the control of
fluids and, in some cases, to systems and methods for flowing a fluid into and/or out of
other fluids.
15 BACKGROUND
The manipulation of fluids to form fluid streams of desired configuration,
discontinuous fluid streams, droplets, particles, dispersions, etc., for purposes of fluid
delivery, product manufacture, analysis, and the like, is a relatively well-studied art.
Droplet microfluidics are useful for a variety of purposes including high-throughput
20  analysis of chemical and biological systems.
In many applications, several fluids must be combined in a specific sequence.
Existing methods describe achieving this result by separately emulsifying a plurality of
fluids as droplets, and bringing the droplets into contact at which point the droplets may
be coalesced to combine the fluids. While droplet coalescence has been demonstrated
25  for pairs of droplets, it is difficult to control.
SUMMARY OF THE INVENTION
The present invention generally relates to systems and methods for the control of
fluidic droplets and, in some cases, to systems and methods for flowing a fluid into
and/or out of other fluids. The subject matter of the present invention involves, in some
30 cases, interrelated products, alternative solutions to a particular problem, and/or a

plurality of different uses of one or more systems and/or articles.



The present invention generally relates to systens and nethods for the
control of fluidic droplets and, in sone cases, to systens and net hods for
fl ow ng awbl2aiodisiTeo and/ or out of other fluids. The sulpCeats2emaios@os of t he
present invention involves, in some 30cases, interrelated products,
alternative solutions to a particular problem and/or a plurality of
different uses of one or nore systens and/or articles. - 2 - In one
aspect, a nethod is provided. The nethod, in this aspect, conprises
providing a first fluid and a second f|UId in contact wwth the first fluid
at an interface, wherein the first flurd-and the second fluid do not
substantially m x, and wherein at |east one of the first fluid and the
second fluid is hdmeaﬂﬁmuﬁdmdmdhﬂpﬁédﬁhdhﬁawﬂéﬂ withihpspeet, ®owrisgsi ng f 1 ui d.
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| east a por whemringhe flfseﬂmé euhide fsetcoh«liﬂilildtdo nbtl”wbitant@ﬂy folixyiankd wherein af hasanot her
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first fIﬁidcanﬂngﬂmdlmﬁemahdiﬁhhmdod@nmﬁmpﬂymghmakuabhyMnmxmuaaﬁwmhere|n at

| east one of the first fl a Is n a fluidi.c droplet
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el ectric fieddnd Quitih@o Rtresfracge sufficient to disrupt at |east a portion of
the interface anﬂlrenDV|n at least a portion of. the s $con f|UId into the
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this aspect g sEQAPILIAES cHRRt With thedldst@luRCA: hh ttdrfa0é AvieRidihe Fink atliase wdef i ned
between a first fluid and a second fluid contained within a channel and
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first fluid. 20l n one set of odi nent s i ncl udes acts of
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fluid.

15 In yet another aspect, a method is provided. The method, in this aspect,
comprises applying an electric field to an interface defined between a first fluid and a
second fluid contained within a channel and applying a pressure to the second fluid
contained within the channel sufficient to cause at least a portion of the second fluid to
enter the first fluid.

20 In one set of embodiments, the method includes acts of providing a microfluidic
system comprising a first microfluidic channel and a second microfluidic channel
contacting the first microfluidic channel at an intersection, providing a first fluid in the
first microfluidic channel and a second fluid in the second microfluidic channel, and
applying an electric field to the interface to urge the second fluid to enter the first

25  microfluidic channel. In some cases, the first fluid and the second fluid may contact
each other at least partially within the intersection to define a fluidic interface. In certain
instances, in the absence of the electric field, the second fluid is not urged to enter the
first microfluidic channel.

The method, in another set of embodiments, includes acts of providing a

30  microfluidic system comprising a first microfluidic channel and a second microfluidic

channel contacting the first microfluidic channel at an intersection, providing a first fluid

in the first microfluidic channel and a second fluid in the second microfluidic channel,



first mcrofluidic channel and a second fluid in the second mcrofluidic
channel , and applying an electric field to the interface to urge the second
fluid to wotero/tsheefirst 25m crof |l ui di c channel | n somrmePCAAS20100m@06 i r st
fluid and the second fluid may contact each other at |east partially within
the intersection to define a fluidic interface. In certain instances, in

t he absence of the electric field, the second fluid is not urged to enter
the first mcrofluidic channel The nethod, in another set of enbodi nents,

i ncludes acts of providing a 30m crofluidic systemconprising a first

m crofl uidi c channel and a second microfluidic channel contacting the first
m crofl uidic channel at an intersection, providing a first fluid in the
first m crofhdiplyanchaieaic fdtoghsimtesiack tb lugdedluichireth éhesfarstonidrodivlicof | ui di ¢
channel , - - i ; i i . i urge
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channel , 16 @B @ hiGkroithidid ehm861008 a kéhd 1bia et 8EcohdBiidrbMGdic bhahaf | ui di ¢
channel . The first fluid and the second fluid may contact each other at
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applied to the interface, the second fluid nmay be at |east partially

prevent ed f fBiticdptcErGenyf leaseinppme pmpodimeytts. UingrEaie pspmn ahen grHlectiglitids, | n
still anoth ~ i i £ L0 L.crof | uidic
system corrprgﬁg%%%o ag %Iﬁ(%}ih?gr%‘lﬁgggrég duf}ugcip Ilg%g %ﬁﬁ%&épgﬁgug%%&%%dc}g%ﬁg%ﬁ%i dic
channel contledirstmgcrofeidfdahganehi cr of | ui di ¢ channel at an intersection,

provi di afirs Ldyin t ' i crof | ui di q. 3 .second

fluid iggthe sec%%%&%¥%%g??ﬁﬁﬁf%&£ %%ne ?&aﬁH&UPgP%%%gP§¥%%ggg’athe first

m cr of | ui di emiohfwdielsydterh commpreirpeciomcmigrotionlid adnpghet archasep@ld Zidtofluslane

enbodi nent s thq»first flw;d and con&act.e h. .ot her at
Nnel Co ¢ 1St 1Ccro gfl

, t he second fluid ma
east part i SN DA PRLRER: ST qap el VG EE p AFEPdCe. 1 o
certai n enbadiheént micruihedic amanatledt b s@ohd &hid in the ag@phd edkroftuidibehdnntler f ace,
the fluid can, be. at | east rtially preyented fromenteri Edth second
i cr of 1 i di eneaamRdRoR e g ulc el nohps e PPl BRI us 1 s
provi dedo ThesoappaibatinsenR DGO Mt FISASind tHe sevdad sietd mdy @rtfaodatenhs,at Radti r st
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partially within the intersection to define a fluidic interface. In certain embodiments,
when an electric field is applied to the interface, the fluid can be at least partially
prevented from entering the second microfluidic channel
In still another aspect, a microfluidic apparatus is provided. The apparatus
25  comprises, in one set of embodiments, a first fluidic channel, a second fluidic channel in
fluidic communication with the first fluidic channel at an intersection, and first and
second electrodes positioned on generally opposing sides of the first fluidic channel or
the second fluidic channel, wherein the first fluidic channel, the second fluidic channel,
the first electrode, and the second electrode are positioned such that a plane intersects
30  each of these.

In another set of embodiments, the microfluidic apparatus includes a first

microfluidic channel, a second microfluidic channel contacting the first microfluidic



fluidic conmunication with the first fluidic channel at an intersection,
and first and second el ectrodes positioned on generally opposing sides of
t he firstwDl2oiodist776hannel or the second fl uidi c channel PCRASe@OM04G0he fir st
fluidic channel, the second fluidic channel, the first electrode, and the
second el ectrode are positioned such that a plane intersects 30each of
these. I n another set of enbodinents, the mcrofluidic apparatus includes a
first mcrofluidic channel, a second m crofluidic channel contacting the
first mcrofluidic - 4 - channel at an intersection, and first and second
el ectrodes positioned on opposing sides4of the first mcrofluidic channel
and the second mcrofluidic channel In sone enbodi nents, the second
mi crof | ui di chaghelrhen intowaient and fositand s¢aenéelsemdioppsiioaedam @ppdingeddavi ng an
area of no npge ﬁ&%ﬂ?ﬂi‘crgﬁ&&ﬁc ct?QfK%lloafnd#ﬁ%@o‘ﬁ%ﬁ%ﬁﬂ&%ﬁ%ﬁaﬁﬁftm Qfal  di mensi on of
5t he second mcrotlurdic channel. e mcroflurdic apparatus includes, in
yet anot her embbtdimEnte rpogtcorenbisroflaidid shgtneht@medtd witlh ioteckaetimelia aneorgeeond
.m crof | ui di ?la\%II? asp neré:a gfq{(%tn?‘ocg lhgg algoh?9(§% I;)ﬂhe m;/fg‘g. %fclr(%lsi —Fslfi:c iocq%pnrl] ¢l iogtof an
intersection " and ¥T1St"°and” sEENA" el €8t r'6ded %OSI Poned of the' Same si de
of the fbrstheseamdhliciotliidicehamael I n certain cases, the second mcrofluidic
channel connects, 10 tof{Q§ intersection.via an oriJice nging gn area of no
more than about 9BRGTONUNES SRPAFLEELYISE 40 XE APTBH AR U PHBAUIEHS ' tthe second
m crof | ui di eniebaiaelchannel, a kdtoy®inicadstaiidie thaasql@Gitactiap tarfirktGhieroklgidpr ovi ded.
The article co 1rise,s accorqgﬂg.to one %%t of enbodi nents, a mcrofluidic
channel confSPang¢litaminersegtionn gt thpt and serondiplgriodesspostionedsqn g saeiiedt ¢ ype
and a seconeheflritidbiotisidf chahiRP! BlcsrtQh cRes BRABGDNE LAGbAIdE YRMnel connects
15di sti ngui shabl e fromthe first droplet type, the first and second dropl et
types dédPi nihige airessaen Yingn palicdirningrt Mich ot Hemare dharpaitdlé €innel  t hat
repeats at L&agle koM S& BRI dIASisiBn LERE &cobMnterdMAdic Lidghdides nore than a
single droplet.” Oher advantages and novel features of the present
i nvention will bBEoshencaspasbesit aarets Sieovidsd] dw mgcldepaprisy agesdipg st i on of
var i ous nonghl g b} fehoRIAL TRALSNAfic BhrhB%olPHERL L AR MIERLCRANHRL G 11
conjunction wth the acconpanying figures. In cases ere the 5}esent
speci fi cat i efirdaddpéet dpe ambntccomiqdwpbiy af doplsys of eerahdepichobade conflicting
and/ or - iy8congish At diB ! ASHLLaohlG, BT ARGNY APEEHI HBLLAE Rkl egntrol . Tf
two or nore appiications I ncorporat y reference 1rnclu con cting
and/ or i ncongegtngmphtiah sdathogbe miomwitundic elspedtha epeacst losheice anhbms 4 he
later-filed rg‘pggtldnﬁ%;ft %r(]:luagsarll(l)re (f\h%?ltarsgllgle c?n?pl?fl}.l EF DESCRIPTI ON OF THE DRAW NGS
Other advantages and novel features of the present invention will become
apparent from the following detailed description of various non-limiting embodiments of
20  the invention when considered in conjunction with the accompanying figures. In cases
where the present specification and a document incorporated by reference include
conflicting and/or inconsistent disclosure, the present specification shall control. If two
or more applications incorporated by reference include conflicting and/or inconsistent
disclosure with respect to each other, then the later-filed application shall control.
25 BRIEF DESCRIPTION OF THE DRAWINGS
Non-limiting embodiments of the present invention will be described by way of
example with reference to the accompanying figures, which are schematic and are not
intended to be drawn to scale. In the figures, each identical or nearly identical
component illustrated is typically represented by a single numeral. For the purposes of
30 clarity, not every component is labeled in every figure, nor is every component of each
embodiment of the invention shown where illustration is not necessary to allow those of

ordinary skill in the art to understand the invention. In the figures:



Non-limting enbodi ments of the present invention will be described by way
of exanple with reference to the acconpanying figures, which are schematic
and are WO 20nvesnféed to be drawn to scale. In the figur@sT/USagh/ouwent i cal
or nearly identical conponent illustrated is typically represented by a
single nunmeral. For the purposes of 30 clarity, not every conponent is

| abel ed in every figure, nor is every conponent of each enbodi nent of the

i nventi on shown where illustration is not necessary to all ow those of
ordinary skill in the art to understand the invention. In the figures: - 5
- FIG 1 shows a systemfor flowin§-fluid into and/or out of another
fluid in accordance with an enbodi nrent of the invention; FI Gs. 2A, 2B,

and 2C show a dr Bigl. étshyes oyyeteinfpedevion fluidunto agd/prjue ot 4nother Beid imf t er
injection i jment of the invention; 5FIG 3
shows a sys?(écer%ﬁ&%gér q?’lﬂg%érﬂ:ﬁgop nzélﬁggﬂllﬁ%gﬁgﬁrﬁﬂ’or out of another fluid in
accordance with Ijl@ts mcﬁmemdﬁhﬁm qémpledfefdrh ejdcive murioginjection, afd digr 4A- 4B

illustrate vari.ous h |nvent|on compri sing patterns of
dropl ets of néecftlonmtacf?r TSR an?tfl%reglégonﬁmf?ﬂhe nYerrllngc’cor dance with yet

anot her é&nbodi neRIG. Gfshdvrea dyaemrtot meg_ﬂEIdG‘ﬁo abdeixt shomthar Byigtirem f or

flowng fluid i toad/or QUt%Lcﬁ t?th | uid in accordance with still
anot her enb8di° H?e%lf YH 80 GUBRT SRppGRent of the ipyeplions shows a plot of dropl et
size distributi ommmmsonakaaee/amdshnmdlﬁﬁb@@fmeﬁﬁve@riontd@ﬁlphmgpmeﬁm

FIG. 7A-7B | ot s of con ction volu i n ot her enbodi nents
of 15the i n9kf Pl\g\fﬁﬁ of'a ?lrStﬂP‘Flégé %Aseg‘gl &F‘chfﬁréiaqcﬁ ggtyf’tc?ﬁoﬁi‘?f accor dance

w th anot he@mg@a;@ghtrwﬂ{elmenﬁm i nventi on; FI Gs 9A- 9B show anot her
embodi nent of the jnvention for dr opl et gﬁc“ on; FIGs. 10A-10D illustrate

el ectronfc cont rBiGsoTAPBuhew p Ayt fosMlopingdRibinipeir Gt apghef dluidipot her

enbodi ment Q&:o;cﬁﬁcé \QM?:REH' ABther embodfihdiBot thd Avdnteni | | Ustrate dropl et creation
in accordance with still another enbodi nent of the invention; Fl Gs.

12A-12C i | | ust r at’&. prbevs a Rlorad dsaples pigp distrigpiéayia aprgrdageaeith ghot her
enbodi nent g{nb&ﬁg‘eh Q)Y%H%tlh\% tio nd 25FI Gs. 13A-13B illustrate a sensor in

still another iment of tHhe invention.
FIGs. 7A-7B show plots of control of injection volume in other embodiments of

15  the invention;
FIGs. 8 A-8B show fluid injection in accordance with another embodiment of the
invention;
FIGs. 9A-9B show another embodiment of the invention for droplet injection;
FIGs. 10A-10D illustrate electronic control of fluid injection in accordance with
20  yet another embodiment of the invention;
FIGs. 11A-11C illustrate droplet creation in accordance with still another
embodiment of the invention;
FIGs. 12A-12C illustrate pressure measurements according to yet another
embodiment of the invention; and
25 FIGs. 13A-13B illustrate a sensor in still another embodiment of the invention.
DETAILED DESCRIPTION
The present invention generally relates to systems and methods for the control of
fluids and, in some cases, to systems and methods for flowing a fluid into and/or out of
other fluids. As examples, fluid may be injected into a droplet contained within a fluidic
30  channel, or a fluid may be injected into a fluidic channel to create a droplet. In some
embodiments, electrodes may be used to apply an electric field to one or more fluidic

channels, e.g., proximate an intersection of at least two fluidic channels. For instance, a



DETAI LED DESCRI PTI ON The present invention generally relates to
systens and nethods for the control of fluids and, in sone cases, to
systens awo 2owyisods for flowing a fluid into and/ or out Pefi/usedief4Gobei ds. As
exanples, fluid nmay be injected into a droplet contained within a fluidic
30 channel, or a fluid may be injected into a fluidic channel to create a
droplet. In sone enbodi nents, el ectrodes may be used to apply an electric
field to one or nore fluidic channels, e.g., proxinmate an intersection of
at least two fluidic channels. For instance, a - 6 - first fluid my be
urged into and/or out of a second fluidé-facilitated by the electric field.
The electric field, in sonme cases, nmay disrupt an interface between a first
fluid and afirst8aigtmayrhe lmgeldémwfandli)lcbutpf@wwrtdi fand, daneliatad by the eleotrigimeld. f | ow
rate, etc f r j f nd fluid
can be contr%f ﬁlg%h%@&lgolh;é !rngf Pa%las“%a rd ?’o éhlg?)l%ggg%e?&é%ego#lr#ﬁlg gll%lg and/or a
fluidic dr oﬂrlasto,ne bider manﬁdogemesrsuah a,srtbe ofluhhdlofl Iuted¢tc; ofl p dipdt @trid beind/ or
control ling ctrl strative exanple is
ow provi dodra i P & duuas il il op oo esblep LV EANG “Homever
t hat ot hér @fﬂpelduemmsﬂlhiéandjw fididic druplet | fbsthimaleedrvarddfGe fluidice al so
cont enpl at e(a ge Cf enbodi ment Si %f 1t he fl vention, as discussed in detail
bel ow. 101 n “IRECERYMTBUBHNEFGPRICALIETE! M for flowing a first fluid
(e.g., a fluid wohhilnseatieheatungleis ina\t/@nﬁméﬂ@nth@mreﬁée ta Fs@eciondsioldivd (e.g., a
system 200 haying a dr opI et

fluidic dropl is illustrat QWS

source 210 fEPfgeﬁﬁ)t?/% E%W*‘d%&aé‘f ef??é’ogﬁffﬁwﬁﬁ%%%fﬂ? e HyapRdin Hgpl are

| nt er sect i n@ish bomémPRan B the? 3RbbEMEAY NS ANERRN 2A%UiscWRELH defil SR, t O
control the flow of droplets in first channel 230,

f1 owe f odlisi Aythe sermigRiddGol asHen ferdigng i Bst A5d (k8. 9a§mf1§ma@sacqhaw& in nore

detail bel OYhto AB& o%§ot%*’§@%d'ﬂ&1d:(b% ahui’eﬁ@dﬂé%l%ﬁﬁsf 1995%%tea5@1@rldsh§\%0nd channel
240, which intersects with first channel i ntersection 260.

El ect rodes 25¢maPQ) hagiigajdsemiet S@ﬁ%ﬁ@ fgqngwhigh dfaplest 220RkpMnate fegehinagk
i ntersecti Oase?%ers%&%gcmmpull{n%l fs%%ﬂﬁdg&ﬁw@'s {vﬂghl d &S egﬁﬁvr flow

past intersection 26 dic interface 1s formed between t oplets
and an i nj eof dlopletsfin histictianned 88b ., obian Aelv-1040ing 2@Ehigetsroo ddst R80igveeat e an

el ectri nt e and the
i nj ect ag ?‘II] éhgat{e Aus aﬂ’l%éﬁgﬁgta#IP % ??Jofasg%‘%r%ﬁﬁ?ﬁe&gglg%{rﬁg annel into
t he dropl et and mm@amt Iﬁmg/hnthtupd:reetcs wigtblirstHdbamnee? 30 4t mt¢rbeetiab2@hce of an
el ectric fi lon.o the interface Qccur n us, fluid
From second iS5 PRLE% 8 ohlFad il PaRe Y5 e P8 abEHE0 o5
cont ai ni ng bb@sitm;;eeaﬁcmhhmei paq. dAs&bé:)sIeg}aemokwpaktﬁmueeaﬁmms&rasfﬁxtdw on 260

flow n nto coll ctloncanne ts
Cnventi o ShetEie G Pt PR o RS popR ik o BRRB L ber  or m
f 1 ui di c20nj etdciroms 25Mt0ataagléleduié el diat mal tRAHemakserfacoBIt@edd tHé GropleOr
exanpl e, froma channel containing a fluid, froma fluidic droplet, or the

like. As de@Bd ihpaueqapl fid dhusialpwing hiyiskio flowd e tssrcans shanetago s per f or med

on a first {ldpicdl dW¥eby forming droplets 225. However, in the absence of an electric field, no
disruption of the interface may occur, and thus, fluid from second channel 240 does not
enter into droplets 220. Droplets 225 containing the injectable fluid subsequently leave
25  intersection 260, e.g., flowing into collection channel 270.

In certain aspects of the invention, systems such as those described herein may be
used to perform fluidic injections into and/or fluidic withdrawals from a fluid, for
example, from a channel containing a fluid, from a fluidic droplet, or the like. As
described in the example above, these operations may be performed on a first fluid by

30  disrupting an interface defined between a first fluid and a second fluid. It should be
understood that fluid injection and/or withdrawal may include only a portion of a fluid.

In some cases, however, fluid exchange in both directions may occur; i.e., a portion of



30di srupting an interface defined between a first fluid and a second fl uid.
It should be understood that fluid injection and/or wthdrawal may i ncl ude
only a powOi20r/15177a fluid. I n sone cases, however, fl ui #CESh@aye00ner bot h
directions may occur; i.e., a portion of - 7 - the first fluid my be
injected into the second fluid while a portion of the second fluid may be
withdrawn into the first fluid. Likew se, disruption of an interface may
conprise disrupting a portion of the interface or the entire interface. It
shoul d al so be understood that fluid exchange may conprise fluid injection
into and/or withdrawal froma fluid, 5-depending on the enmbodi ment.
Accordingly, the invention, in sone aspects, relates to systens and net hods
for fusing d&rfosdluesoinge migeted mterbe sedondifluid whnle @ porienfof thedeqoad fuid 1 ui d
froma fluidi . 1.0 ect i-0t Q. 1ol di )

i nstance, | gﬂa r?gggtgtﬂﬁl@ @%&%ﬁ}r@ﬁlﬁ,qutgev\v%&é?13%8{1é¥¢%h?%%%%§ﬁ§0?15§%d or

coal esced i dismponga doroph eff the mtarfases tvhertiee inleefatandt ghoukicise bE Ohdenstotsl
ordinarily are.unable to fuse or coal esce,.for exanpl.e e tqQ composition,
our face t enlbAMI GRSt Sl 608 ERTT ! G s WM g Gk PukE re s, etc.
For exanpl edemndlingod themynbbéinienj. ect ed i nto one or nore fluidic droplets. In
certain mcrofluidic, .systens, the surface tenﬁion of the droplets, relative
Lo the size of t REHBIN ARSIV AR SPHREUSH P BLP SIBH LI Tede e 1 rom
occurring i MussRne ceaseng nadseibre ks $its beduid (k. Ml adm althaldis chaasad herein

coal eoci ng. PIPOTUSEGBR S HopkloFPHBHIER T APCiat Pyl ey it o
Appl i cati onpRes flabs Ney bdiGIdddp 20004cQLARMRe dfdpledth ARSsivhe thZ@RAorbYord1 Nk, et

al ., incorporated herein by reference. In some enbodi nents, a first channel
is in fll{i dle@rnitinagitareHndpic A iie SERHEc b8 K5HMRE: die LoAeMPAtiIdeS 8614C8n wher e

the first chagoglardid sihansseQns: Ghane! ofMBRlotars, Bic. F&%xﬁﬁ@lélpa gkl G 1. As
shown in FIG 1, the first channel may be designated as the “main" channel

(channel 230%Yy&adnitted iBlecanar Baahelic drapletelrwspigracoiuidy syHems.dhede
channel " (c Q&%g ken%ﬁ))f thb'eé@éﬁf reldiibe RNQULIS &%@6}9@ é,trﬁagﬂaééo' Jlyeh? Ot her
ot annel I'ble, an

enbodi nent s, er c rrangenents are poss that "mai n" and
"si de" chanfeion circealfsoencg Sempicanmanpmpopa caos ebsconthy sys@anand hiethodas used

and-t he e 4o e PRP Bl hET, ORAIE! (AAERFAGEOE T 1 et ¢
field is tucoddcofflpidu dbpletercidetceibbdindnsepaorat Peng}'t pr]icizhtibm S¢riwé Noai n
channel 11 O AN IS B SoFnEIAR oL RS htepslareL hol e
channel for reaeniging a first fluid 30 continues on past the intersection
e ! de el LR iSSR0 L S SBrever e
"mai n" aod ‘chdndé at ehiaRRRtSonNGRe: MO tirdanvandlRgd the aEdoan B imeshownai n FIG 1.
'n ot her shown in FIG. 1. As shown in FIG. 1, the first channel may be designated as the “main”
channel (channel 230) and the second channel may be designated as the “side channel”
(channel 240). However, it should be understood that in other embodiments, other
channel arrangements are possible, and that “main” and “side” channels are for
25  explanatory purposes only. Generally, as used herein, the “main” channel and the “side”
channel may each contain fluid, and the main channel is the channel in which fluid flows
when an electric field is turned off, with the interface separating fluid in the main
channel from fluid in the side channel, while the “side’” channel holds fluid that flows
when the interface is disrupted. Typically, the “main” channel for carrying a first fluid
30  continues on past the intersection while the “side” channel for carrying a second fluid

ends at the intersection, although the “main” channel need not be linear. However, the

“main” and “side” channels need not have the T-arrangement shown in FIG. 1. In other



- 8 - enbodinents of the invention, for exanple, the side channel may be
aligned with an outlet channel, the various channels may be joined in a "Y"
ar r angenew0 20r0/i5n77a 3- di nensi onal arrangenent, or the [PCRAIS200/0¢090¢ i mi ti ng
exanple of a "Y' arrangenent is shown in FIGs. 5A-5B. 5In sone cases, the
first or main channel may have a cross-sectional area (i.e., defined
perpendicular to fluid floww thin the channel) that does not change
substantially as the channel approaches the intersection. In other

i nstances, however, the cross-sectional area may increase or decrease
(i.e., constrict) as the first channel -&pproaches the intersection. For
exanpl e, the cross-sectional area of the first channel nay decrease

10appr oachi agbedimeitspethe ayeiton, foTprampds diedidelshamel mayalye dlignerwidean t he fir st
channel at glud DhHSCHE A3 nARs AL B jBledfa LPeutldShefRRANS). AL Lhe
poi nt of intersectioh between the tirst” channel an the secon channel , the
second chandehensmyal aetgetmhe, 61 thelikec Hamenelimiting ezamge offd ‘08" drmngorgt is

enbodi nent s |.thﬂg RQrdd on of the second channel at the intersection wth
the first i%“% annét may 'have a cross-sectional area that is smaller than
t he cross-secti ohabomarcesas,alfie filveorsedocdnod anpahvd aadissgetivpaltageat(he,
intersection..In other enbodi ments,. however, orifice m e present, or
e cr oss. sBeEaaroSbalt gr tbEoySuanaE Kihel TablpecotiniRt ot ubighy

| arger in safithe CREASL. apploaches ihk iit&rsdttiyn. ba oifer anyinsRaAPBevdrohe exvanpl e
circular, elliptical, triangula , recIan%uIar eﬁc,, %pd nﬁﬁﬁbe osi tioned
in any suit AHHENYAER 113 ANGGSORdGECRE Ciind PRy the firsgehanngd agroachs g on 4
si de of theifacenon. CRaRRShple, IMERoRASed®nANRMDS IHR frdChare] may decBsedescr i bed
herein, the geonetry of the intersection may affect fluid exchange between
a fluidl!lPn pAEOFhNghedRgRREionand a fluid in the second channel The orifice

may have an aVer@&%w&hﬁ%ﬁm§@P&Lﬁﬁ&hw&hﬂ?ﬂ@i&ﬂn&#ﬁémhﬁ%@a%gﬁuim@QQmFiCr0n51
| ess than about 2530 m crons, less than about 10 m crons, |ess than about 3

m crons, | eglong hadirgisbmely Afithernpomnt of Bdesseetigrpetirsa thedge dinne] aldhe han about
100 nm 1 essed NathaARAUhe $ofiBnahfehal HR0 AORME crbhdl th ofbfificd fl 530°, cases.
the orifice my have a cross-sectional area that 1s no nore than about 90%
of the aver agbodimonis-igeeppiinabf di neeard drnedl at theintdiseaner witlathd fith sonme cases,
the area:is t out... 80% t 9 e than 30
about 0% - ASRRS IR oEStH i e ol TP LRl RO o el BE S, i
about 30% ti® saomd chdrael leddlingtup20 e inersaionpneothdnambadimants, HoWewdr, tche aver age
cross- secti gnal, diMENSLON. Of il DS CRAMNS area Ok o FulBYmBPeLh HEN Wi th an
i ntersecti ng el 01" FHE™ P'dg Oy y

relatively larger in some cases. The orifice may be of any shape, for example circular,

elliptical, triangular, rectangular, etc., and may be positioned in any suitable position in
20  the second channel, e.g., at an end or on a side of the second channel, such as is shown in
HIG. 9.

As described herein, the geometry of the intersection may affect fluid exchange
between a fluid in the first channel and a fluid in the second channel. The orifice may
have an average cross-sectional dimension less than about 100 microns, less than about

25 30 microns, less than about 10 microns, less than about 3 microns, less than about 1
micron, less than about 300 nm, less than about 100 nm, less than about 30 nm, less than
about 10 nm, etc. In some cases, the orifice may have a cross-sectional area that is no
more than about 90% of the average cross-sectional dimension of the channel, and in
some cases, the area is no more than about 80%, no more than about 70%, no more than

30  about 60%, no more than about 50%, no more than about 40%, no more than about 30%,
no more than about 20%, or no more than about 10% of the average cross-sectional

dimension of the channel. The orifice may be flush with an intersecting wall of the first



channel (i.e., the orifice may be defined by a lack of a portion of a wall
of the first channel). One non-limting exanple is shown in FIG 2.
Al t er nat iwel2910/isn77sonme cases, the orifice may be in a p@sirtiseoomane

protrudes into the first channel. In sone enbodi nents, one or nore
el ectrodes are provided that can apply an 5electric field to an
intersection of a first channel and a second channel. In sone cases, the

el ectrodes may be positioned such that the el ectrodes create an electric
field maxi numthat contains the intersection, or at |least is proximte the
intersection. For instance, the electrofles may be positioned to create an
electric field or an electric field maxi mum | ocated where the second
channel i nt ehanaelt(se.whe brifidgandyi heslefinddedhyredhck @ potitoh of haall DOk éirgtnt er f ace

bet ween two LdSA| - ; i it iLc field.
The eIectro8%%H§gyoggm%g§P¥?%%%@hﬁ%ﬁg@ﬁ@gﬁ?@ﬁi%ZN@ éﬁgékgn?%ﬁg&gg?iety of
confi gur at i drgrificamep heinax@sitlos ghat pmtredes ¢tto dddirsraiyaripel. posi ti oned
essentially opPogi L a,8650nd. AN ALLSENAN NElYe AN &) SR1y gde may be
posi ti oned subst ARSI T B BRSNS CHROSIFHAIS SETNE SHARHET™ TH s Tie

enbodi nmeft s eleanic dkkad notheerseatondd agosicharmnietd aBeavad olianbel dvsdnivecaddssecond
channel (e.q., . in another |ayer of the device). In so cases, a plurality
of el ect 1 oads A ofit B B qotrgied Syt e o st JSERETERE posi ti oned
essenti al | y npRiniddethsersaads teppeskétnsérdeRadls frogniiertsd inRfse&@momdr channel s.
I n sonme instances el ect rodes .may be gositioned égggpp site sides of

ot . , .
both the fi MSHNEhHMACTAI "L OB REFLHEM HEITeatnd? Sl CBifobdt ment i n

whi ch 20 t henaRlnffl IoRsleS whs:E (HRASdhil CRSHcIGReisB®s WAl $ird @hdnBelSHQWN thik FI G 1,
whi l e an _enbodi nent in which the el ectrodes are positioned on_ opposite

si des i 40shdwrinteragebewegn tyhfludiip terbhapnehenpaiengespispistblelectiq idd Hisd a

second el ecti.a@fcIRYy BEpRARNL RDEJe BURNHRRLS B aRLANS of AnBkSAGsS. BPt h
el ectrodes. In sonme cases, the el ectrodes nmay be poSitioned to be co-planar

Wi th one or SoRd¢ exaptmipsra checradegmay besposiiengd gssenimlig oppysite @ second ghp@helt hat  t he
first 25f1 uigi - £ 1 Ui di : ctrodes are
: u 'Aqit'eﬁlafgﬂag}? Qg lﬂgft}&l@ e ?)9 ?QSIJI(LIBH gﬁlﬁﬁﬁt@%@?ﬁ Bne ﬁ(’lledofttltfbeseg(ln%

posi ti oned suc ane I ntersects eac ese. Referring again
to FIG 9, Fhagnelgh shesnbpdipvatsom deatgdaphy bf paricaxdahplveoshestvelte while FI G

9B i s a,sch i i . . In this exanple, system 700
include§§a ???é?&Eﬂgggégpé%gTﬁgqﬁﬁggﬁﬁg%%%%'ed, second el ectrode 720 that
is 30 co-pl anarInsotk chses, sitplehlgg of ddaroddare providad Iérarnph@e.itwmoFl G 9B
during use, glectrode, 710.1is positiyve ile electrode 7 i S _negative.
rowever - neBriek Bpsa PRt SRl o bt e Taie) ect r ode
720 may be pa®hd thadneld. Nntsbins inklagies ayvoelee@ddeo dag bd pditionddon ogposite/2s ar e
positioned op opposite sides of intersection 730 between a first, main
Phannel " 7300hHgh Tedist Siimeng ccondiancly o e of S roditohiay i

posi tioned sGiectrb@k afeli@si@ibReltonithe fahelstic ¢4 @avath PEt. weehild Aentbaigiehodes s
centered over the intersection between first channel 730 and second channel
740, as is $hyliah e eferiepdes e pgpitipncd 08 0BRSS HES lﬁﬁi})wn in FIG. 9. In some

embodiments, a first electrode and a second electrode may be positioned such that a
plane intersects both electrodes. In some cases, the electrodes may be positioned to be
co-planar with one or more channels (e.g., as shown in FIG. 1), e.g., such that the first

25  fluidic channel, the second fluidic channel, and the electrodes are positioned such that a
plane intersects each of these.

Referring again to FIG. 9, FIG. 9A shows a photomicrograph of an example
system, while FIG. 9B is a schematic diagram of the same system. In this example,
system 700 includes a first electrode 710, and an opposed, second electrode 720 that is

30  co-planar with first electrode 710. In the example in FIG. 9B, during use, electrode 710
is positive, while electrode 720 is negative. However, in other embodiments, electrode

710 may be negative and electrode 720 may be positive. In this figure, electrodes 710



5be positioned in an off-center configuration, in other enbodi nents of the
i nvention. As shown here, electric field lines 715 are generated going from
t he posi twoeoslstt’sode 710 to the negative el ectrode 720CTDiseomlogoobecat i on
of the electrodes, electric field |lines 715 passing fromelectrode 710 to
el ectrode 720 pass over intersection 750. Thus, by controlling the voltage
between the el ectrodes, the electric field at intersection 750 may 10be
controlled. Also shown in FIG 9B, first channel 730 is filled with a first
fluid, while second channel 740 is filled with a second fluid (shown here
as a different shade for purposes of cl¥ity). As discussed herein, the
second fluid fromsecond channel 740 nmay be injected into first channel
730, and/ or anhi) ade ppitened ¢menposiieaidey olunterreeiony@0 bptween cheshmwin 730. 15An
exanpl e of f am.id di-sc i ref. to FIG 8B.
In this fi gggagm 91??%5% tcﬁllyf’\Elgg}llia?lg%]Q%a%%eflq&;@g%g%@? 85%@%?3% tgafgt endi ng
f r om second tteldrnel fickb@eatahgtwden cheghiectrhédesgorenreodd aydr tap pitdrgeatioroetedenan
electric fiel €. 4.-nn Y, el ectrode not. shown ih. kLG rtion of the
Flutd 1 rom Setsifindimanily SEE hERER ol R S LR Bl s e RBL PP o

W t hi n fbr sbe pbsitivmed in/dbO A& nctr o@ifgtirail if) ipahaeshdlinfenswd heiimtcati@ecAd on 765
of first channel 750 w.t cond channel 760. As evi ousl y di sed, the
arrount of *f RN hefy Sktieti teRrger sk Bpr et eapebenEBRPPORF A BREHRE ol 11 g
t hﬁ st ][ engt o @ n&gﬁ&veﬁél&@ﬁoﬁé z2d. imiegh@pﬁdtioﬁ@f tho eteb@odemlte@a’c&ﬁqteid)lmes ansl/ ?r

ot her factors su as is scri pe rein. For exanp in one set o
enbodi rrentsPaﬁiS‘FlgﬁE?me‘Tsi%CérPP? mrtPéf%&tf‘?J;%%gBi‘%S8&“\}?%“?%‘8“25%&[1}”6’ s, then no
fluid injecthRRIMhOCdtdbe bedhednife M08, OF clebit GieldhatntdrsecdS THogEdyed into
first channel 750 from second channel 760 e controlled, at least in

b
part, byOcoRe FaIcley Alreshomadr Fl 9B E¥SHCI§B%?¥é‘HiSthlefl Méha e ekl phid.

An el ectrodg.3gq Haaf153€H 1RA RiiA a"TBHnd Buifdl@R e R s hla@Rré ¥hW drabl e
material, and if two or nore el ectrodes are CFresent, the el ectrodes may be

formed frompemeses ahelamyy). A digugsd heramethp sgegnd Ngd fopriceondghenpahfsilanayof

el ectrode Mgl gfd-AliSnib %QJ]tUHlﬁm@IB/%é‘J agxd/o B g’ﬁ%}él@'ésl_i_ﬁtgﬁowﬁ% QRAHEE or s,
graphite, conducting polyners, an tﬁe(ilk ) e el ectrode may have any
shape suit abhan¢ldiB0appl yi ng an electric field. In sone cases, an el ectrode

ey haV‘?P an essepj, ie?n:l}}fe RIS %P%H% 2%3(3?6}&?8%@\)&/%?30%9& DR ¥e‘?%i—%{§%cfm(9@3.e' ectrode

may be el ongated an ave a ti ned as a region o ectrode
cl osest to &nthisrftgeres dotdivathilhefiwednnsael 75¢ pdsses thahinel examnding fvacocmwhdchannel . I n

sonme enbodi nent s, éhe Ei f. an el ectrode .may. haye a C{j{%h hat is simlar
To a widin orrng Ra it Rt R R R GRS -5 of an
el ect r ode makcth@ke nat sodh fn Blab§}, apbitiah oy thk @lugeforh kanndchahetl R6Gef t he second
channel . The .el ectrode sh can be f I.aé, -sh (? r .any other suitable
hape, - such T EHBGHEpDY 0y Souaeetiuf bsnchaind 751 b B a8 (he 11 p of
the el eghr odgoigh ifOREHHTbRO fHvCiatdeby S0anitedeedidrohenrel BIO0 AvepdvidiRlyl S
created, e.d., In e intersection or proxinmate e tntersecti on, as
ted % th t t te th t t i
previ ousl y 1scussed, the amount of fluid injected into the droplet may be controlled by controlling
the strength of the electric field applied to the intersection, and/or other factors such as is
described herein. For example, in one set of embodiments, if no electric field is applied
via the electrodes, then no fluid injection may occur, or the volume of fluid that is
25  injected into first channel 750 from second channel 760 may be controlled, at least in
part, by controlling the electric field applied to the intersection.
An electrode as discussed herein may be fabricated from any suitable material,
and if two or more electrodes are present, the electrodes may be formed from the same or
different materials. Non-limiting examples of electrode materials include metals,
30  metalloids, semiconductors, graphite, conducting polymers, and the like. The electrode

may have any shape suitable for applying an electric field. In some cases, an electrode

may have an essentially rectangular shape. As another example, an electrode may be



di scussed. For exanple, an electrode may be constructed such that the
electric field 10gradient is optimzed in the direction of the desired

i nt erf acewo@izeromstizon. I n sone instances, e.g., where nulPCirglseoielogwdé odes
are used (e.g., as discussed relative to FIG 3 herein), the el ectrodes may
be constructed to mnimze interference between one or nore el ectrodes and
one or nore channels; for exanple, by mnimzing the unintended exposure of
a first interface to an electric field by an el ectrode intended to expose a
15second interface positioned in a different |ocation than the first
interface to an electric field. In somellenbodi ments, reducing the size of
an electrode tip can allow nore focused application of an electric field by
t he el ect r odiengdtgs! anddiava shign dadmed ara iepioe of e eleftawle slosgse torptintarseatiornt i onal |y
exposed 10, bGeS) PRl iinkh Shel «BOM Bind] on XROSEAERLEI ALK | over
electric fie strengt ‘be advant ageous, For éﬁp e,
20|nstancesehheﬂbrmwlmgadwsﬁhé@nﬁannbdMGemﬂmeﬁdw$mamdemmmﬂmémmmafpIuraIity
of |nject|on ctri.c fiel roduc t he el .ectrodes,
" some: embBATENELS b ab e By RibME Ly Sidt A SHER e SRR TS,
a devi ce5or oﬁt)hstsmn@&iaﬁnetlom ﬁ@dtﬁ)daﬁhapdz egtheiftat, va gHaged, hainyodier betablepl i ed to
the fluid ., via on nor e ectrodes. For exanple, the 25electric
field generé%%ﬁSﬁgvmﬂﬁﬁﬁﬁaﬁ(%RW%?ﬁéﬁansource and one or nore el ectrodes.

Vol t age sources imnehddeschahd @F dfabe clvd@lolie Bubhis@tted §u¢ﬁ Ithacai ¢lsctriofielthe |1 ke,
and a wide varjety of voltage sources, are commer avai |l abl e. The

electric fiSPITYEhECHRAEE Sy hoatieEection OAENF‘F%%&E ﬂn“& eclighy @S PIRYOCUS4r i es

peri odi cal | mswsgéu s Peaipld an &lbd?fﬁde hay be¥Ph&ed StMaOhdakife risaw oot h,
squar e, etc ,..a DC fle|£ , one that is constant with respect to

30tine) Ya ﬁ{iirlseéuls ppépiged @tﬂ&e dlfPﬁ%‘)fb‘Pféléet e iprigecgbgiianofn 8 be

construct ed ni%fh?lce%ré gnﬁﬁéie Bﬂltﬁo[eeeqéc?roéég a8 864 (e' &£, aks B s &ﬁh{}b ) PfId}U3 d
contai ned within a ¢hannel a mcrofluidic channel The electric field

gener at or mhgete thalecgiogys Utl%)’ bt@_rcogfélyatﬁéteemmrr@lﬁ? tfsierqngs pHityeen-ong or mogy st em
contai ni ng H&ar&fa@ﬂfgxf‘dne PRI Ak 1sf ﬁ(raéco @'B?ﬂﬁhlﬁﬁﬂﬁgmegﬁmééﬁ@é& herein,

"integral" neans t portions o onents I ntegr to each other are
j oi ned in suaivserewhy fitshaterfapetogo wivomie hick! yzanrebictrpde intanded|td yxpospar at ed from

each other W LAPHE AUl édsﬂgﬁ&f ind Cf?éé%@%?%?d dtﬁ%?tfhe BREilab 06 MQqRGRENt S, N

addition, in sone case e ele
field. In some embodiments, reducing the size of an electrode tip can allow more

focused application of an electric field by the electrode tip such that one or more
interfaces are not unintentionally exposed to the electric field, and/or are exposed to
relatively lower electric field strengths. This may be advantageous, for example, in

20  instances where it is desired to reduce the distance between a plurality of injection
systems.

The electric field produced by the electrodes, in some embodiments, is generated
using an electric field generator, i.e., a device or system able to create an electric field
that can be applied to the fluid, e.g., via one or more electrodes. For example, the

25  electric field generator may include a voltage source and one or more electrodes.
Voltage sources include batteries, wall current, fuel cells, or the like, and a wide variety
of voltage sources are commercially available. The electric field generator may produce
an AC field (i.e., one that varies periodically with respect to time, for example,
sinusoidally, sawtooth, square, etc.), a DC field (i.e., one that is constant with respect to
30  time), a pulsed field, etc. The electric field generator may be constructed and arranged to
create an electric field within a fluid contained within a channel or a microfluidic

channel. The electric field generator may be integral to or separate from the fluidic



5may be automatically controlled, e.g., by aid of a conputer or an
automati c devi ce. As mentioned, in sone instances, the electric field
i s appl i edono10am31776t er secti on between a first channel ardTaISS@OOHWOEhannel ;
for exanple, the electric field nay be applied to an intersection between a
first channel and a second channel. The electric field may be applied
continuously, periodically, or intermttently, depending on the 10

enbodi ment, and nmay be AC, DC, etc. For exanple, while an intersection is
exposed to an electric field, a fluidic droplet may be urged into or

t hrough the intersection. The electric ¥i-eld may be applied to disrupt the
interface forned between the fluidic droplet and, for exanple, a fluid in
the second eystamnedntaigngthe channdl, aesorslegdo a@m@andhmr@bwsale®mrﬁg fluid
exchange fra I ' 15
anot her exa H%gnﬁbéggg%%F(Pﬁ&ﬁ%fteQB é%%?f@£ Ehﬁgg%qﬁﬁ?ggﬂgg%#%ﬁgﬁgecond
channel may alyey uragéd companentsearnor bt mathahiynelpata@ddrogadach other \mhonocrmtmgew

droplets Conté‘refl&‘d WA 0 tgﬁe%brﬁl“neﬁt@ana%dl ion. in somEcie! ﬁa%% d to the
el ectrodes rmay bt ny Ut age Isrupting a’ ai'c | nterface.
For exanpl e maybe amomb@gy Emyroﬁed bet, e aid d]?a]:oMplaald)rihﬁaﬁlﬁﬂlaM ddveeween 20 0.1
V and 1,000 V, between O and 300 V. (%etme qi 1 a4 and 100 V, between
0.1 V and 50 V, é{’%té‘??e% “_‘LS"\?‘ lﬁﬂa“o‘?ﬁs e dtitdet B aRP\‘? é%‘“f&i’“\‘?mo&r t he

| i ke. As appttvech ¥0ist @@endrand ebﬁ:c@mmhhﬁiél (f@rl’b&hrﬂpﬂettﬁé Meetﬁuhaatmaw;e
intermttentl randomy, etc. The wth an
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sui tabl e fr @RISALYAN PSFCEioRhpiwsen p iﬁgs& &@Hﬁ?léga/i‘ FFCP%CW}BW z%h%l?%‘?fer tz, or

nmegahertz r §pBRGSay &tagphea%mnue% k€odidally AFen@ih@diyERbendinehect ric fiel d
that is applled may ul sed or instance, the electric field may be

appl i ed lhesmBodimgiteind rea&d)ﬁwéﬁ s efsr d9epHample. 3hIG # @F%Séettqndhexpﬁﬁﬁd ot

applied at qf BREit FiBRSa ﬂ&ﬁc@ﬁ%‘léﬁ &lay %@th%@!i 11 S thfoﬂ@n @k afdldcGod. I Bled 1S
applied while a fluidic drop isin ont of second channel . For

exanpl e, t héleéqué dield; r@awheeﬂpahqéw disaIphihp IrteERce anad b@éw%ldh%flmﬂic (HEOPIUF £ | cil ent
for injecti g%@&%%%é%vﬂlhmrtﬁ@@écgﬁ P@n&?%@ fak Gis Lgkéam%o&f Heteppf d: €.9., the

electric fi erio time~and o for a period of tine
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gener at or, crea I'ch

electric f|ehmdhumé@fmasmme¢®pmwnbhempnemtwwén@kmnmnmdedmmhmhbaﬁegat|ve
el ectrode, as, | %>shomm in FIG 9B. The electric field |ines may pass

t hrough t he “T1H¥{'€rface between the fluids, for exanple, in the 5 sane
direction as theTihd Wagﬁﬂppl’igi tlomlpees:édtmdlesmﬁaya)efahgasldtabreamtiglaéoﬂﬁmdlg@hanneI
into the first . cha used jn other i ments. The
ol ect rodes HHICRTAS TobHugro T anter Twdcarees P i g BIS: bfgeh
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conponent of the electric field in a direction of a flow channel. In sone

aspects of EHEG MVREHYGegN: L ManddL ¥, hadwern G lo¥ aRd YU ¥somths liken jAe“'cf"PP]ff‘Ql and/ or 10
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interface between

may be DC, or AC, with any suitable frequency, for example, frequencies in the hertz,
kilohertz, or megahertz ranges, etc.

25 For example, in one embodiment, the electric field that is applied may be pulsed.
For instance, the electric field may be applied when a fluidic droplet is present at an
intersection, but not applied at other times. In another embodiment, the electric field is
applied while a fluidic droplet is in front of the second channel. For example, the
electric field may be applied for a period of time sufficient for injection and/or

30  withdrawal of a specific volume of fluid, e.g., the electric field may on for a period of

time and off for a period of time while the fluidic droplet is in front of the second

channel.



the first fluid and the second fluid, disruption of the interface (e.qg.,
using an electric field) such that it does not present a barrier between

t he firstweandigeetoad fluids, and allows transfer of fl uipdThSeeweem00Hhe fir st
fluid and the second fluid. For instance, when an interface between a first
fluid and a second fluid (e.g., between a fluid within a second 15channel
and a droplet in a first channel positioned at an intersection wth the
second channel) is disrupted, fluid may flow fromthe first fluid to the
second fluid, fromthe second fluid to the first fluid, or both (e.g.,
through diffusion or convection of the ¥w fluids with respect to each
other). As an exanple, by controlling the difference in pressures between
the first and seBDﬁmﬂy‘,ihamM@ltage adrpysitieP dlepyrodes, eg.ged an eleftrioficld@pnadter enti al | y

in one dir e%ﬁ %@&n?ﬁeﬁ%%% ercafn Syh dcﬁ 8@?99&0&4‘&1%&&9 1R lie1d hn%s sklﬂléec“ on, Or

away fromt ., Wth in cert ases,
| east a portfnoanh@posarvmetetmvdeacélemegamanlettmolefdsun sihswrmtyFIlﬁh%l §he|pt ed to
allow fluid fecmcf geen the | .ui.ds geur nts, at
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field my b an field, etc.
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(e.g., shear forces, nechani cal ctric f.orces_such as Coul ombi ¢
forces, et cofaRRle QTR %@&@PH%P{]% elﬁfﬂﬂﬁ g‘gldé‘&f‘ 3%“1%0 oy shanthe

interface (e.g. ,Inssuﬁltagﬁcﬁs@ﬂﬁlbmemwr hafek@ibed MR8 UésEo Al cBiliERIM/0and/ or
steric hindrance, etc, For exanpl e, one possi ble mechani sm by which the

el ectri d0fi &iigd r&wsr}gwﬁfrét f{%frﬁ@m&.saﬂioed iHidep yohred opnaation of anjiniselpes: Retwsn e

i nteracti ongel RAYREHand tﬂéseco&)ﬂﬁﬁch%mﬁipﬁ@ﬁ bt Be fi@lalle i) RRGD aRtlctRe fluids may
cause the fluids to beconme electrically attracted towards each other due to

their |ocal ﬁe&ﬂfo%}@hﬁ@téHa%sg@spremu%b@r@rh@mqeﬁéleeftrstlaéégqcow oy pesh of t he
interface a@ﬁo&ﬂﬁr ﬁﬂg&?é@%& thd Hfsﬁﬁﬁdﬁﬁd'ﬂﬂﬁgécbf?& &, MH&Q&E%& the
my e use e

fluids, whic I njection, rawa m Xi ng, or t like.
Anot her 5possintdriacerbaiveni aslivstdiuidvimidesetdnd fhideEter, ibetwickieh tuidiva thirpt secotiie

7L L Bk U5 PR LSO BLBGH R Ry iy, o che
enbodi ment s chanhe) fsldmmb&tcb fToi@ nhayj fest fzein ithetfostadluah@nimedecoralytluid, from the
second fluid to the first fluid, or both (e.g., through diffusion or convection of the two
fluids with respect to each other). As an example, by controlling the difference in
pressures between the first and second channels, fluid may be urged to flow
20  preferentially in one direction or another (e.g., towards the droplet, i.e., injection, or
away from the droplet, i.e., withdrawal).

Thus, in certain cases, at least a portion of an interface between two fluids may be
disrupted to allow fluid flow between the two fluids to occur. In some embodiments, at
least a portion of the interface may be disrupted by electric field, e.g., applied by using

25  electrodes such as those described herein. The electric field may be, for example, an AC
field, a DC field, a pulsed field, etc.

Without wishing to be bound by any theory, it is believed that application of an
electric field causes forces that are acting to disrupt the interface (e.g., shear forces,
mechanical forces, electrical forces such as Coulombic forces, etc.) to become larger

30 than forces acting to maintain the interface (e.g., surface tension, surfactant molecule
alignment and/or steric hindrance, etc.). For example, one possible mechanism by which

the electric field disrupts the fluidic interface is that dipole-dipole interactions induced



be charged directly, for exanple, by application of an electric field using
el ectrodes positioned to apply the electric field to or proxinate the

i nt er sectwono10Aas1wespeci fi c 10exanpl e, as a dropl et w tRCH/US2010/08G00€ hannel
approaches the intersection of the first channel with the second channel,
the droplet may at |east partially polarize, e.g., as is depicted in FIG
8A. The pol arization may generate an attractive force between the fluids,
whi ch nmay cause themto becone attracted to each other, and to nerge in
sonme instances. In some cases, the fluids may be at |east partially
conducting, and the fluids 15may be sur¥ounded or contained within an
insulating fluid, for exanple, oil, which may allow the fluids to exhibit
charge or chathyelesapdicdt ingachfti finidsreayaqapie thelflelvothesand ¢ledtgcally I n sone
enbodi nent s s [0 r [f t . i

t hreshol d e?%%???%%%#gf%*§¥$%g%?ﬁﬁﬁgﬁ%gﬁgﬁﬂ%géc %%gJﬁ%Eﬁ%W$g§ﬁé%%hglectric
field strengbthiomalythbétatage mdtheraby ceabinga dbide doonadiier wgornt beeweantthe f ace, and
may vary by .application. 20For .ex |l e, factor.s. suc the viscosity or
Gonst ty of” FHER & FaT REySARTR Fnoh L RRad ¥ tlher PGt oot ¥ Pt s
wi thin the pbaibhehshatihie bgehihtthyeléernidficld Sis@es tor ingrfaenis thanthg cloétrit he
channel s, the angl e at i ch.the channel s t at an.intersection, the
resence of TEVER wuPted lufieaty FoBF AR iy Brule Ay R et °Fhe

t hr eishol d el ect rF@liﬁsit@lc? iﬁlt)lﬁe‘agagéﬂib(ffdﬁﬁfings, ﬂﬁﬁhﬁ&t@ﬁé}inj@ﬁhﬂ igl@&tchﬁlﬁlel may
Non-limting exanpl es el ectri ield stren far. 25di sruptjng an
interface i %‘é F%%edélllféﬁtg’r fa e?%f’@?l%l%WP@’r?@?‘?{’s"féPg%fté‘F ??Wéﬁlnﬁﬁ[?ﬁ‘t}go 201

V/'mi cr onet epesi@iediedpplytadciddfdticld (O pYbFinek @B h@fsect@h e Ak 8kpdcitan about 0.1
V/mcronmeter, greater than about 0.3 V/m croneter, greater than about 1

V/ i cr ortBt efXargie gt froplcaitipgdirstshapng apponeice e igpeetion of haf™about 10
VI ni cr onet ehan@tiGyith! the $ROM Gabf1, YRABESLARL, 4 hb%%t PhAlalEBoIAeSE feadifese ranges

may al so be used in sone instances. |In sorre cases, the anmount of fluid
transfer mayemeeeiddat $4 The pdpaGeR MAsCACRIGHRE rItEAt wifoige Petygen BPove t he

threshol d voli@ehicH flaPLAG nGTROHIRR Lirckdf ANPHAL. B b AL G ST uption
generally increases as electric field strength 1ncreases. -~ 15 -

Non- | i mi ti ngpstarensp liesopfe cognitthofluidhuiay besatugsi mniadly cotvciing exdtheBuiflpl | ows. I n
general ,,cCcO i . . h.. ature of
Phe 11 ulds oy e Aarshosd b B ar SR iRa ol ARCUR e Ty BRI R 1
curvat ur e ofllewéeffluulsds exdiibit dharge loutldirge separgiohagthin thhepdied elegfic fikld. channel s
(which affects their nierfac th i.ze 5of. the

curvature at _.the.i - S
i ntersection of Iﬂ%“%ﬁgﬁﬂé §?mﬁﬁa§%§wfwlwpeﬂﬁyexgﬁﬁw‘ﬂgpﬁﬁ%%m%%ntroI and
di srupti on direshnldieiiceicfiatEsubagimarbetivzatted] @Be theeshaweldasc fildedengith h
reference to a system. havi first channel and a second channel that neet
A an' it or QESPT BN, TNERE £Re e T eyt andinS Ry o
20  Por example, factors such as the viscosity or density of the fluids contained within the
channel, the flow rate of fluids within the channels, the geometry (e.g., sizes or
dimensions) of the channels, the angle at which the channels meet at an intersection, the
presence of other forces applied to the fluid, etc., may affect the threshold electric field
strength for a particular application. Non-limiting examples of electric field strength for
25  disrupting an interface include electric field strengths greater than about 0.01
V/micrometer, greater than about 0.03 V/micrometer, greater than about 0.1
V/micrometer, greater than about 0.3 V/micrometer, greater than about 1 V/micrometer,
greater than about 3 V/micrometer, greater than about 10 V/micrometer, etc. It should be
understood that values outside these ranges may also be used in some instances. In some
30  cases, the amount of fluid transfer may be essentially constant as a function of voltage
above the threshold voltage. In other embodiments, the amount of interface disruption

generally increases as electric field strength increases.



channel carries a fluidic droplet and a second ("side") channel carries a
fluid to be injected into the fluidic droplet, and/or is used to w thdraw
fluid frowothe/fSiTedi ¢ channel 10As one non-limting ex&APIUS2018/0f4006 di C
droplet in a first channel may forma fluidic interface with a fluid in a
second channel, e.g., when the first channel and the second channel neet at
an intersection. In sone cases, the fluidic droplet in the first channel
may be sufficiently large that the fluidic droplet is in contact with the
wal I's of the first channel; in sone cases, the width of the first channel
may affect the radius of 15curvature oflX-he fluidic droplet. The radius of
curvature of fluid in the second channel at the interface of the fluid with
the first channeNomdipithe cgample of ¢angroband|desaarttion af tha interface fadlews.alm

.e”bOdl manF S %e&}[al,tc%ﬁﬁglro? ﬁ%’iﬁt@ﬁ%&e%@%nd?&?ﬁc@fs sha{aass[ﬁec e Sp@lg ﬁﬁilds @Fthitnhe
intersectiofi wth the first chann e.g., at an oritice or nozzle of the
second chantielchaimlsgae., ihsirpisessitm by dasity)t the onvaeesf thedlufdsrasthe €loaimel ) . That

is, as the cross-sectional area of . a rifice or 20intersection between the
first ano sEignicaRanion s qBaplndun R ol bF g ORGSR CRE T o
i n the sé&conflthe haanselioasf the clhantlgot dellike Ah etadpldoftthecdniroisdnd dizaupoieh

decreases. | p sone. cases theﬂr.dius q% curvature of the fluid in the
second chanfbim Rt e hee s iRy desqrired i rggencs oL siiP Al Eehe 1 ui d
¥vi t hi nht he $i$s¢euiuiLnahammeécfoﬁwa{anﬁdm{at trlllhafaf Jlﬂlihtﬂ:rsa&tidnexlaﬁérg narfﬁitahham’};r ot r udes
romthe orifice or . interface into the first, channel. 25As a non-limtin
exanpl e of hangel CF’%F%?%‘PW& f‘bplﬁlaeg a?‘?&,"n‘i‘f&‘ﬂﬁi)épﬂﬁn%agte%%lditg bhown in °
first channgljecgtQndlievindic tropre,lagl/br & @sdd @ Rtithiawtiied frod Wealuidit bh@nd20 1S
al so shown in this exanple protruding froma second channel 330, where the

second dfannel hASORHopilpgitingexampie, 3 RyidiclrpRietip p S5t epapel iy P Shown i n

FIG 2, thenidiheRadeSwitta i€ ifNEcOid RatRPerEeWHRA I 1R8 Rinnsemamtt channel
330; the orifice need not have the sanme size or 30average di aneter as the

flui di c chantrend ¢happgl mygel atep intgieecten. fin geme ¢ases, Medlughadpplet infhediptadi us of
curvature Ry, Bltrﬁhng'Hff lefinfTaORl d eI BRF1eMs idbdhedel bRh cERANOSE 310 is

| ar ger than t%@era iﬁg o?‘%hffa JretRQ of t gf¥ku?d éﬁt%r%hg first channel
310 from sedwridst chamgl; in wheeases, BS@1dUTHahd figi chagned mep hect thedadivaufd are t hus

.0 SOt 15, AN AR BTG A MSEAGRG R ASROI0 PLC
fluid may béedntsrfagetof chelilpidewipotha figst ofiannélendyriteepfitagled holeat supiattaipl e el ectri c
field, as i %e aiins gnlilbsosdlenqents, by the cross-sectional area of the second channel at the intersection
with the first channel (e.g., at an orifice or nozzle of the second channel, if one is present,
as it contacts the first channel). That is, as the cross-sectional area of an orifice or
20  intersection between the first and second channels decreases, the radius of curvature of
the fluid in the second channel as it contacts the fluid in the first channel decreases. In
some cases, the radius of curvature of the fluid in the second channel may be defined, at
least in part, by pressurizing the fluid within the second channel such that the fluid at
least partially protrudes from the orifice or interface into the first channel.
25 As a non-limiting example of this, referring to FIG. 2A, fluidic droplet 300 is
shown in first channel 310 flowing from left to right in the figure. Fluid 320 is also
shown in this example protruding from a second channel 330, where the second channel
has orifice 340. It should be noted that, as is shown in FIG. 2, the orifice is at the end of
a tapered portion of second channel 330; the orifice need not have the same size or
30  average diameter as the fluidic channel flowing into the orifice. In this example, the

radius of curvature R; of the fluidic droplet contained within first channel 310 is larger

than the radius of curvature R; of the fluid entering first channel 310 from second



S5herein. It is believed, without wishing to be bound by any theory, that
application of an electric field may alter the dipole nonents of the fluids
at the i nverbaxes1tiet ween the fluids, which may be at | e&€T/Gsediogioent to
break the surface tension of the interface separating the fluids, thereby
di srupting the interface separating the fluids and allow ng fluid exchange
to occur. In sone cases, as discussed herein, the size and/or shape of the
10interface may al so be controlled by controlling the electric field at the
interface between the fluids; for exanple, stronger electric fields may
increase alteration of the dlpole nnnenﬂ%'of the fluids at the interface
between the fluids, which may thereby alter the anount of disruption, the

t hreshol d o?h@msMﬁﬁtTbhﬂmQMGWUwﬂ@hbﬂ@dﬁmﬁ@ﬁdﬁC@nﬂﬁ@mhbW@ﬁﬂ@rﬁémégcmanged
bet ween t he t entering fluid. It should al so be noted
t hat 15f|UId{&H% Q£8§%§%}§Qﬂgé?,by way of exanple only; in other

enbodi nents, fl uIncFIGrbliintlsfemwnrfdca:ﬂsmmmlthesmﬁdinEImpt@eaﬂchhee:tte@gcﬂuncbmay y into

first chann 310 rese qu di c t 300 within
first channd a3y Sl Bl on iR 0 CRERAE Bt pilipaa bORG: 1o,
fluidic drophemsIMﬁbhumaihah&HWﬁﬂmqhamaebmﬁhsmMyﬂﬁoﬁmQMtqﬁh&mmndfauchange

bet ween the fI ui dro nd fluid fr e hannel 0 may be
cont rol 1 ed. el aneBehs Rt mhsGu R BTG fratp i ERtRsH Dby

control | i ng fluRetvaich Suche AScabtiarticiant @Ilﬁeamﬂ&es@ﬂﬁ@stelﬁiontdﬁﬁle\dﬁﬁ—:tfms f 1 ui ds,
the strength of th ectric field, t e of the channel, the nature of
t he channel S{H{3ERS g‘@%‘l&ﬁ theyeby ‘H%ruPti‘%é ¢ I,Q?rfg es*iﬁB@f‘tﬂgéh‘ﬁﬂWHff aalPRSexanpl e,
in sone casesid dkbiingd © RGN ANGEYes b deiMsEPhdr8al RysiLamtifopbHaber e
pressures or relative pressures of the fluids. For instance, and without

25wi shi g t g&cpsahalsphe srirollstlyrspnirpliing de slepiria visld &t Rgrntpriace Spivest | i ng the
radii of cuméafhmsefo%xaxnnﬁe st géxse@mlm%aﬁ%c&as@ altdi8idd drste GRannel ) is

greater than R2 (int second channel |nstancebﬁé controlling the
pressure of ntOﬁ@ﬂTSlOtﬁmufbuda biBE atterfase ?etWéenbtbe flads whighimayrberphyedistithe of t he

fluidint h%m%@rﬁ%?glsﬁpé‘&{‘ﬁle tﬂIQﬁQold éf'd?s}rﬂmgﬂyanﬁ)o e a&%ﬂﬁt??ﬁhﬁ%f%rﬂgb&ha””e'

into the flurdic droplet. Thus, in the secon annel can flow or
be "injectedXd@mEdb@M@h@ﬂ$EMKMJ@UMﬁopﬂéﬁﬂa&megﬂwﬂSMGb@ﬂ@nB@bemhehhwwerface

in this,exapmp cdrl) et%B g@ﬁ)ﬁ§/ﬁy {Jﬁ‘é@‘ﬁ%m@ f othe %mgbcﬁ%gﬁﬁﬁﬁ%&@‘f the

pressures my ntrol rea and
flurd may |ﬂsbeadmbmﬂﬁBQhﬂyhmnm&mddu@hb1mbmndREHMddﬁDaKunm&mumh@ second

channel . i nt ds ma

control i ed By RnCTBITEAE Mo OEpiBb i 2P SR b s L B B or ¢ ne
el ectric fi ﬁied:réﬁlﬁﬁﬂl biad:\x/tfomﬂlberdpn:tsemﬂﬁ@&w firgd chap@elt a| n enbodl ments, control
of the electric fie rd el ectroni e |nterface e.g.
ohet hor Cor when 18 Gtabatn Hu BEbsn bearfe fEtiaPentan Mg g
channel 2andcRmnélrB30 ndy bt dordiotled hegr@hg W viahbws ctnbobianslof tleQliveaxa@iypy e, by
nodul ating the electric field, the p05|t|on of the interface between the

two fluids HeRFADmedasiers push as ki fific Qraspres of thaganinys fipids ihe,sirepgh of feer f ace
may be rel atjevigl Yielal @b @ﬁap\é\’@f«‘ﬂﬁe AMnBt1eGL hhtGrefdr ®le@hhrhel intersection, or the like.

As a specific non-limiting example, in some cases, fluidic exchange may be controlled

by controlling the pressures or relative pressures of the fluids. For instance, and without
25  wishing to be bound by any theory, it is believed that by controlling the radii of curvature

of the fluids such that R; (in the first channel) is greater than R, (in the second channel),

for instance by controlling the pressure of the fluidic droplet (p;) to be less than the

pressure of the fluid in the second channel (p,), fluid may flow from the second channel

into the fluidic droplet. Thus, the fluid in the second channel can flow or be “injected”
30  into the fluidic droplet after disruption of the interface in this example. In other cases,

however, e.g., as discussed below, the pressures may be controlled such that R, is greater



10applied, as is showmn in FIG 10B, conpared to when there is no electric
field (or a weaker electric field), as is shown in FIG 10A. The position
of the inverbexe1mmy al so be controll ed dynam cally in $orRaSestioodionent s,
for exanple, by controlling the voltage applied to the electrodes. As a
specific non-limting exanple, referring nowto FIG 10C, when the voltage
15applied to the electrodes is adjusted, thereby adjusting the strength of
the electric field created between the electrodes that is applied to the
fluidic interface, the location of the interface responds correspondi ngly,
as is shown in FIG 10D (showing the poSition of the interface in this
non-limting exanple). (It should be noted that both FIGs. 10C and 10D are
on t he sane thanke, anddlua) mayTingiead Usywiddrawndrdn dg fluktee dbplet infoghd seedndl applied to
the 20interf o the position of the interface can |ikew se be controll ed.
As nentionea, I'n some enbodi nents, the electric field my be controlled by
control ling the kehkagmedpid in@databethien eleditidsotgybediospdld dy atyordlinghe
interface, e.g., via cgntrolling t ,ntensi ty, or pol arit. f the voltage,
and or (e o et Rebr ATt e R e A P Bl 7P o e

vol t age. 5Forenanstmteianenny carsiohdf the gberic fidl hagafordidhetrbmt esifuat of thet ween t he
fluids may be 5extean farther into the fir chggnel,f al l.owi ng a |arger
vol une to b@“?ﬁf%é%%d”e CHOVRIP G rOh gt And{gn SRRV T M IPRA Vol t age may
beI used to chdrséel a]t?h'/?f i'n_ﬂ%j a?ﬂhfiaigﬂr@p@_t @XthﬁgtCi:_hhﬁﬁ:E Pﬁloalé)éeirﬁliliﬂ bm@dﬁtaamgﬂmb, f causi ng
a | esser anount. q uid to be injected intg the droplet. The jnterface
posi tion cafi°gfi§ el ethfpationd e lPhﬁéﬁﬁt%ﬁﬁﬁit%ﬁPﬁfwﬁ’% 6%’(‘ %fl s an

frequenci es exdn@le, @ahitn ofthe i@AVERGY BSreldiatly AlBeCoiERanARL@icRItihe rate of
droplet 30 formation or passage by the interface, thereby allow ng the

amount df vaPRlise asds Hewn i Bét 6B etngasad éhviindhtrets noglasEicifisl @F gual |y

control | ed. yeakel Slectric ficld), ais@H&A inANG, 101, CTRE ?ésﬂ_io%fﬂ?ﬁféiiﬁ@mo%,maiyfalsbhe
electric field is increased or controlled sufficiently, the fluidic

i nterface niychurodsd dndairalintngore fmbadimepian e pxald, &y comepllingiee f | uid from a

second chanpgl Qrﬁﬁggup&g et Rl he first channel to forma new droplet. An
exanpl e of tﬁf? 6 ocess igeg%ngSsed with reference to FIGs. 11A and 11B.

In FIG 11A, 5whénapecdicaoningtify exhapleorefecamg nosubfil@i et wheredbe voltagki el d) i s
applied to j [t e . .y I t { ¥ st
channel 1520 s El: B ARG ey Wk MehE SRR BEWMSER el 1
t he second cileamwdétiwaerdhé blactchbded thhiinapphied fo the fluidicamadice] the lostiadiod thept ed, and
thus, fluid.w second .channel do g i.nto the first

ithin th does. r ily flo
Channel | ittt Bsbdifs BRESPaRIRL AN, IR P Shantad el PelBondiS, L
appl i ed el editerface Thisebali(m@Rreasapk e dlbioed Be hdtedthhd eloFIGs NS &3QPDcr eat ed

using el ect odes, 915, LS. CHLASS DRLURSRL R HofltpRl 5. Xt ended into

20  interface, the position of the interface can likewise be controlled. As mentioned, in some
embodiments, the electric field may be controlled by controlling the voltage applied to
the electrodes disposed about the interface, e.g., via controlling the intensity or polarity
of the voltage, and/or (e.g., if AC), controlling the amplitude, frequency, etc. of the
voltage. Dor instance, by using higher voltages, the interface between the fluids may be

25  extended farther into the first channel, allowing a larger volume to be injected into a
fluidic droplet, whereas a smaller voltage may be used to cause the interface to extend
less far into the channel, causing a lesser amount of fluid to be injected into the droplet.
The interface position can also be modulated, in some embodiments, at suitable
frequencies, for example, at frequencies that are comparable to the rate of droplet

30  formation or passage by the interface, thereby allowing the amount of volume to be

injected into each droplet to be individually controlled.



Under suitable conditions (for exanple, a relatively rapid rate of fluid
floww thin the first channel), interface 930 may be extended quite far
into firswochwymsel76910, e.g., as is shown in FIG 11B. PATABAEOO&®ES, t he
interface extends so far that the interface is 15di srupted, causing sone
fluid within second channel 920 to enter first channel 910 as a discrete
droplet. Repeating this process may be used to create a plurality of
fluidic droplets within first channel 910. It should be noted that, since
this process is controlled electronlcalgy rapi d dropl et production may be
achieved in sone cases. For instance, 1 east about 10 droplets per second
may be created in sone cases, and in other cases, at 20l east about 20

dropl ets per sechradditign, ih egrgin ebndim@0s, ditloqdlentrse fdd isgratensel! orgontrdlgdt about
100 dropl et | east
about 300" o e S RTE RS b PROeERE il BFySnRPL, BFRATR 180 4 ° 751

| east aboutﬁ%&&udmﬂﬂkbmswbgnﬂseﬁbmdﬂxahmkbasml@H@mtamﬁﬂmngk0p$mts per
second, at | east ut 1500 seco e 00
drop et s per Ao fdR ot PR uBE-RRGE s HanRT i M D | cas
about 50600 dmemh@émmﬁeﬁdsanandmuﬁmumeasnn@ﬂﬂdhsz@ﬂﬁddrﬂpheﬁ&mﬁéo second, at

| east about 10, Q00 dropl ets er s d dro ts may be
croated i n SERk0A waurrton RBSspRROmyne o EfsSisnBHReRED BEFRESHT T o1 1 s ng
the el ectri Getivieed dfluitl Rdihin ee1@dcoid dhiadhieC ardy fOpd ezttsmrtwfub@haﬁ@aisadt within a
channel In addition, J.us factors such as the voltage ow rates,
and/ or pr esglﬁp’@?dvxﬁntdﬁﬁ/? ﬁ'ﬁ‘@ "“i“‘tﬁ1 tg‘%sec?%cwlb‘}eﬂfcfr‘?saf’t rF‘?‘ijély(i]rOS’p‘P%tth%%'SE hus
fornmed w t hicgunhéei. @hﬂ@m&lcr&a&n ltaeoﬁonﬂds\faévleﬁ% FIG. 1ﬂ49 under an applitd@netfeer set of
enbodlnents the use of the electric field may be Teversed, where the

appl i catlf on TPl (rpEgenis! ktyml%trt?rffelfbkneagé%ér@aeddﬂﬁ@sP@ftr%%%%ﬁ i inteifaceead of

bei ng used HQWeELAE Auds OB Rl tenf QN in@ iR MRs€ohahdd SOME cases, a fluidic
dropl et system such as those di scussed herein may be used to create

dropl ets. The fl Undfreuitpblssorditiansdfos gxampje. Baplatiely igpid pate pkfluig flgw wilhg) ng
fl owfocusi | eft&ﬂﬁ{ngf)'eiﬁ efthe g%tsb%{a HEChBLRUG lté Pﬁtoafgr ﬁdﬁﬁﬁde%fm epein. VWen

no electric droplets may orne owever jen a
sufficient & sbownicH éllﬁ Inssomp phseadhe iatetface qa@mdﬁgﬁoefhletbmrthﬁiet@rfattehe fluidic

| nterfage g%%flﬁ%lgc&%l&gg&ﬁed@mWHH tg@o}’ld%ﬁingél A 1 &Rér? {rdi cﬁin;'& @) of grmat i on.

For exanpl an in ace between a firs W thin
first channdiscit@ cEdn])etadeeatlsgmsrmiodeksm@ lwi ustd 1 cmtacmdunahtamﬁﬁhldgzzo, dropl ets

or essar os. adiRIck YHEF CRESRART s B IR i Gebd el Mot trah Pl 1 he
first Channekmnﬁmgﬂyrm@dﬂk@@tﬁmd@ﬁ@hﬁm@b@ﬁdﬁ%ﬂdﬁh@nwkﬁ&%hEnﬁhmﬁteand second
Lot oo 3 SERERAR B LTSSkl o R b RS TR BRELER T, S o

| i nes 950 bﬁiamﬁﬂltkﬁﬁk@lﬁdtﬁwﬂ@@o&lﬁt lehidnebcappld iepleslpecdctomtl, hil@kthboause

interface 930 between first channel 910 and second channel 920 to nove; in
this case, tHGIOREPELcEoKpYdeast 3heutT08mplGinRe serpd bilcah aviver0%20 and away

fromfirst ghanpsler StOad, Eh@isembu%(ﬁ)\/ﬂr&ﬂe@ﬁer's%n@Jt'le@ﬂ 2868 p5@trobRismat i on of
the second fluid into the first fluid first channel 910.

Accor di ngl y Pl sicaaottirapt et 1690 divplsdirriiveend. tesehors AP Hemlcsrcan el ectric
field may bg.cond, at least about 2000 droplets per second, at least about 3000 droplets per second,

25  atleast about 5000 droplets per second, at least about 7500 droplets per second, at least
about 10,000 droplets per second or more droplets per second may be created in such a
fashion. Accordingly, in some embodiments, by controlling the electric field, individual
fluidic droplets may be created within a channel. In addition, by adjusting factors such
as the voltage, flow rates, and/or pressures within the fluids, the volume of the droplet

30  thus formed within the channel may be controlled.



20 used to partially or conpletely prevent the second fluid fromentering
the first fluid. In addition, an anal ogous system nay be used to prevent
fluid frowothw/fS5117st channel from bei ng wi thdrawn into Ph@/Usecodoohannel ;
i.e., in the absence of an electric field (or an insufficient electric
field), fluid may be wthdrawn into the second channel fromthe first
channel , but upon application of a suitable electric field, the interface
bet ween the fluids 25nobves such that fluid cannot be withdrawn into the
second channel fromthe first channel In sone aspects, fluid may be
injected into a fluidic channel, e.g., % a fluidic dropl et contained
within the channel, which may in sonme cases cause m xing of the injected
fluid with otherlnfdngihdssenitcmibediniatsf tha b o tbradgsiratlidlémacbencyerfide present
invention 3 i v S systens
and net hodsQV g{&@?}pégtga?ﬁﬁ ?Srq%@%q&m Okf%r%lg{lr%%é Hmﬁ {Ep&gétﬁ b doq:%'ﬁg shoul d be
under st ood et cieate tdivpletke dor ﬁmnpdmm dmmee:iaws,mrﬂmcﬂlvdmglet k}etei’l] wpleet i on” of a
fluid from %1 & gcrhgseﬁ%g‘rn%erln Ibr}:t %%ﬂatoc edro s The acrlm 10 lett hestefI uid that is
i nj ected may Be ihected 1 Nt FE1° COMP S R e AR V&Y channel
and/ or i At OCfehtHIdCbp(]HDS‘JE@l n&dg ﬂb\t/hoonsmgeechmq]sds ocbtaan'tedh,mcpegsuph ﬁsor mng a new
dropl et . some nts tion i n first channel,
a second chgﬁﬁlﬁe%hﬁ’f?&l e‘?g%tl} (rij% lca%el%’is ﬁéege 8?81%1 %)%Bg hOL&¥ t o0 create
new dr opl et svhedk aalfflblumtdzlefcrr@rﬁeldle amSiec g, lgh@rmeirodeh,ahe Ruigiciimekifack dhagl | y
contai ned w thin fI Wi t hlagtet he fjrst Eﬁfnne For exanple, in one

set of enbo&?ﬁ‘gﬁ‘iagte ey afteheiy iR fiaplet B¥a4 WY o the 1 uidic dropl et

using a needl e spghx@aspls, NP, ONEREhLintedal OBl &n adlstQluid W80 figst EhiARe] OF
ot her such devices. In another set of enbodi nents, the fluid my be

i nj ect ed0di PE&#42 sepnd TG wisnasecond gsnedl Sedidipless mpypesreateiatifel as t he

fluidic drogh@hceCRSleb®E ﬁel@lo@%a&ktwfrﬂoﬁoﬁ B@pr@ésﬁﬂeéjbvﬁh&%’s@éﬁh@chfr%l i nst ance,
in certain enbodi ments, a first channel containing a f

i nt er sect ed tsyurge decesnd Enidrinelhodirstghannet, er2s demiemdroplply K@f ?&a@}ﬂ@t’ Fféh% econd
channel may he .} NeGHaathid srﬁﬁrﬁsu%%lgntﬁllgf gﬁmfs@lﬂ{%ﬁ‘ eﬁowéx%? g&‘ﬂi’i@ L fplick§intg suitable

pressures within one or anne For exanpl e,
when a dr opbétableehicaicd@d, wi ishhowit inghif figee V&’@tlhalm@ic f{@bﬁs@@@%@h@@ﬂ@h t he

t
oy sedt] oL 245 VAT SERIMENANIEL ISR RITIR |
fromthe se@mhszbcmtda:rhmmiel 92&to nidve; idthjsp¢as¢ tlneantbrfwrmoves upsffdfaal”amount of f I uid

B N e A
of a dropl etrdpket fd’]!ﬁalh()‘ht(ﬂltlﬁﬁetdrﬂﬂlmd ine tldet goo8uit yitfn firkkehfdndl 919, the el ectric
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a secondochasyaed padly @ndmpletsy prbwtnelhe 8dtohd AWd from entering the first fluid. In
addition, an analogous system may be used to prevent fluid from the first channel from
being withdrawn into the second channel; i.e., in the absence of an electric field (or an
insufficient electric field), fluid may be withdrawn into the second channel from the first
channel, but upon application of a suitable electric field, the interface between the fluids
25  moves such that fluid cannot be withdrawn into the second channel from the first
channel.
In some aspects, fluid may be injected into a fluidic channel, e.g., in a fluidic
droplet contained within the channel, which may in some cases cause mixing of the
injected fluid with other fluids within the fluidic droplet to occur. The present invention
30  broadly contemplates, in certain embodiments, various systems and methods for

injecting fluid, e.g., into a fluidic droplet. It should be understood that, in the

descriptions herein involving the “injection” of a fluid from a second channel into a first



from second channel 330 into droplet 300. However, as fluidic droplet 300
noves through first channel 310, shear between fluidic droplet 300 and
fluid frowoewarstz’ehannel 330 i ncreases, and nay cause Ph@/Ushaodi@oer opl et
to detach fromthe second 25channel 330 (FIG 2C). In sonme cases, the
interface between the fluid in first channel 310 and the fluid in second
channel 330 may be restored by the shearing action of droplet flow past the
intersection, as is shown in FIG 2C. The volune of fluid that may be
i njected and/or withdrawn may be any suitable anount, depending on the
embodi nent. For instance, the volune i™lcted and/or 30 withdrawn may be

| ess than about 10 mcroliters, less than about 1 mcroliter, |ess than
about 100 nahkashel de gluid thagss injsatad alp be ini@tedamo lidrapies conftenel witam theliosit 1
nanoliter, | t . D] Ik B S| t han icoliters,

| ess t han aﬁ%%? elf Q%E%Pﬁﬂécrl %&g%lgédqﬁlrtlﬂlﬁ %ﬁl’m—t Clg%l?ﬁg’ %géfé)gm]#}aﬁ%g dr%%);q/&be

i nj ect ed andhuay, indontectndainwhis] fduid ngecfibuinging afitshehafnet, stseaind alwinel, sndi N not i on
(i.e., flow through a first channel). In other ses, . fluid may be
i et ed andrarodl BilRaliel birfna RO oM R RS M % o7 g
stationafy. séeond exanglites apirebaduadly icontiihel Fithis fluciheiriethe Mgy clixaneont r ol | ed

such that a droplet is urged to an 5intersection between the first. channel
2nd a second chabera TR Sl BBl T S B Ot Tt e W e TRieCy
channel nay didpenudity decirasachsugibrondale, b A6zz0 Opdretice] Stubfi@nothed silcist at i onary
at the intersection, thereb | I.owi ng a desired amount, of fluid to be

i ected andPGr it HUEGITT PO oL Ry BEIBE I (BRUSLURE S ¢ AaiRoe
increased aqgpR ufihdid fuitilcQRaniBYashiR: RME BRIl orh& ibtb Genthdd &idiRPhgdicanay from
the intersection once a desired anmpunt 10of fluid has been transported.

I'n some Pnschipeds Mot mgansciasaramanpriimenty adest chmplgopeinge fpid mgy bh a punp
or other pressicRd®9RtstQnd deMhlia staRrich@n. Ml HofaRe R8oddh&IRI ﬂ{léyﬁd ect ed
and/or withdrawn fromthe first channel, e.g., to or froma fluidic

dropl et, fofnieksnplodhe it dhaunel. fercxanple. wingauigibio iepsewee Wi thin pgelpy bogt of
curvature ofy.t Lt er f [ ol the fluidic
dropl et wi tfrtﬁenCBt I]!((aiﬂ’felsa'%’st c é?ﬁ%%pﬁqm lé’léxgmgé?g@%t%%g%éﬂ%ﬁny%f g((gdi ments by

f act or s suchkhageltpagsepthesigl the inersedtion ghed fom shedic dndrcbanpel et wewgedtihie f1 ui dic
dropl et ;kn f1.LS] id.in tk : : , the fluid
pressur ési nkﬁgﬁréte}g%&%g’ﬁﬁg%ﬂgéﬁlﬁ%ﬂg t ﬁe{lﬁo lésti%zlgc%u?m% ﬂge%@ﬁ? ?@%ﬁgtgﬁl\r}g%n the first
channel ands¢deed seomdhte hanlngllet td dreuangl e of i ntersecti on between the first

and 20second channel s tC, .as. dj scussed ve. The fl ui ressure may be
cont rol Ted usi ng By ar v I SRSl B AR S s I ARER S R p. "5 phon

pressure, okodthdirgipteperties suchAs theeeitii@ecsurt bethy dhidsehofesifitnst dmernf ect ed
o M BT RSP BPLESH D IR G SR R SRS |l e
fl ow rates, ididreicstcte ot bxaafpld, Reerdipphdve &b EIGECIB ikl 20, Bluidlic @oplEdBROLid ikke. For
fluidic communication with fluid from a second channel 330, and thus fluid can flow
from second channel 330 into droplet 300. However, as fluidic droplet 300 moves
through first channel 310, shear between fluidic droplet 300 and fluid from second
channel 330 increases, and may cause the fluidic droplet to detach from the second
25  channel 330 (FIG. 2C). In some cases, the interface between the fluid in first channel
310 and the fluid in second channel 330 may be restored by the shearing action of
droplet flow past the intersection, as is shown in FIG. 2C.
The volume of fluid that may be injected and/or withdrawn may be any suitable
amount, depending on the embodiment. For instance, the volume injected and/or
30  withdrawn may be less than about 10 microliters, less than about 1 microliter, less than
about 100 nanoliters, less than about 10 nanoliters, less than about 1 nanoliter, less than

about 100 picoliters, less than about 10 picoliters, less than about 1 picoliter, etc. In



25i nstance, in sonme enbodi ments, the flowrate of fluid in the first

channel can be used to control the volune of fluid injected and/or

wi t hdr awwol2010151156l | eved that this can be control |l ed sipazaseére/ofdoow r at e
of fluid in the first channel controls the flowrate of fluidic droplets in
the first channel, which thereby controls the amount of time that the
fluidic droplets are present at the intersection and/or exposed to fluid in
t he second channel. 30l n another set of enbodinments, the pressure and/or
the different in pressures between the fluids may be used to control the
volume of fluid injected and/or withdrain For exanple, by equalizing the
pressures, flow between the fluids may be mnimzed, - 22 - while fluid may
be urged t oS¢IIl@WS¢Snﬂ@idcmayfhe@miﬁaedﬁﬂd¢ﬂr slithdpwa “@Ham@éluiCbi}l the fon dhadylebis
difference i S ol S sure in
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channel mayb controlled varying the flow

channel Thaf"y/&f W‘g‘dlr%’ﬁ’g‘@?o tf}%&i‘; °p %ﬂ‘rﬁ@?yglé é%ﬁ’?%%l PYOHEGIRY t he
flow rate ofna 2%@ BorfttoNBPiocNGed e dlfo!pIéWlVQ«fy ftdi@ thk i ttbreckiBn bR afdetifdd agldannel
relative to the second channel Likew se, a shorter residence tinme nay be

achi eved¥by of Heif Bashespy renigorqdow rate of the fluid in the first channel In

another set of efhggkMRnses, b Secdhd MahR? nfl bk BshrebRAtd & Cwid §Fﬁ}nﬁ91p| i ed,
e.g., 15while a droplet is p05|t|oned in an intersection of first and

second chan ﬁ@leépfﬁﬁyfewn% ek suFl haehigdpanebe fprsibdy ingagtefgpdor Vighdiawy exchange
bet ween fl uid,j tg 1R?cﬁah fg hs Bf‘ﬁbmg’}g?dl{‘?lfggﬁt ?&%9{]&1& hamae! e uin'&‘? on Nterface

may be di srupte perio ow a snal anount of
fluid exchaﬁ@efferftnhemrﬁ@lepffca}l?\@tmyftb@m@ﬁr@mptéléhk@r a shorter perl od of

time. 2Qkn one s gy escri bed herein
may be gged to tfﬁén@% era&qtgll gﬁ{% \%%ée%%gl%%%@ﬁ%gﬁg%ﬁg% rﬂ a&second channel
For exanpl edetarnfingdsin sfiheierdbadiments lv}r&ttozshacrmeIthqmyssﬁr@romlarprasmrerface wth a
second fl ui

recond, 118y, BSGR EHaNlinO) PhYRh| M5 R R LRSS, i veer e
channel, the fluid pressure in one or both channels, the size of the orifice between the
first channel and the second channel, the angle of intersection between the first and

20  second channels, etc. as discussed above. The fluid pressure may be controlled using
any suitable technique, for example, using a pump, siphon pressure, or the like.

As mentioned, the volume of fluid injected and/or withdrawn may be controlled
using any suitable technique, for example, by controlling the pressures of the various
fluids, the volumetric flow rates, the strength of the applied electric field, or the like. For

25  instance, in some embodiments, the flow rate of fluid in the first channel can be used to
control the volume of fluid injected and/or withdrawn. It is believed that this can be
controlled since the flow rate of fluid in the first channel controls the flow rate of fluidic
droplets in the first channel, which thereby controls the amount of time that the fluidic
droplets are present at the intersection and/or exposed to fluid in the second channel.

30 In another set of embodiments, the pressure and/or the different in pressures
between the fluids may be used to control the volume of fluid injected and/or withdrawn.

For example, by equalizing the pressures, flow between the fluids may be minimized,



be exchanged between the two fluids, as shown in FIGs. 5A-5B. In FIG 5A a
first 25channel 600 containing a first fluid (the direction of flowis

i ndi cat edwbyotds1zerows i n the channel) is connected toPaTAsScand4@hannel
610 having a second fluid that is stationary. The two fluids are separated
by an interface 620 when el ectrodes 630 are in the "OFF" state (or

otherwi se are at a voltage insufficient to disrupt interface 620). In FIG
5B, electrodes 630 are in the "ON' state (i.e., at a voltage at | east
sufficient to 30disrupt interface 620), thereby causing disruption of
interface 620 and al l owi ng the second f3sid in second channel 610 to flow
into first channel 600. In sone cases, the flow of fluid between the two
channel s mayheflfidandyiteanrged to flow inig anfadra a dpypleappi shiangel b 3 suitableessure to t he

fi t | i : i . d ch |
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bound bys5any t hebrspmeietnbbdimbetk, teyeduhdat fligdietvhaget balvesmy odfmid@aliyebeed si nce

the fl ow vel oci f the fluid in the second channel .into a flujdi.c droplet
o genor al & yoniyis Berpipumssdes Gnbniinp gt oy Rt P ablstanueost Mife sebond
channel Thi s.gpbopeitoylingaye Rederutinaloed fluidin fRIRstichainalnme posiyhell ke nar r onest
constriction of the sgcond 10channel The fl ow vel ocij t%ﬁmay be cdon,trol | ed,

for exanpl e/ToBYIdereet Fhgneppy SporAEURSFANBIC. GF KSR SHEnc ¢/ B dipip 2

control | i ngdtdpet BY @S GHE &fnedl ﬁx)mn@hmg&ltm thbkaohdénagRA NN be LohuDAGE
enbodi nent s or instance, the flow velocity may be | ess than about 1

mm secodd, brsyvingahs Hpwire of dyidindhedisy Sarmshdlhaf issxlopges pesilspistting

m crons/ secafd be h&3S el BRoRRRUke AovMtdd QMU SLEHMHhg th€ASW LPAR rRRAHhe100
nm second, |eSs than about 10 15nm second, | ess than about 1 nnm second,

etc. | Airsg ehana¢lnrelaptso i theeteeand channek rltikeyrien 2 skersetesience igneredy heay be
used for w tagﬁé\%%?glcwaklhgth{emw&efokerq’luidln?]heefﬁrﬁtscﬁlﬁrﬁ?ﬁnne' to which the

second chann i ntersects. n sone cases, t ul n the first channel
may be control | ebh anothhiasgeofznihodinentspthe denarien efiilarelediec fidldiapplind.tekg.n t he

second (igan Q&fﬁlﬂe Ila.foilem%ogﬁor?eﬁql? P %nite%égtgoni It £iFst YR ée%&%l c?lgnnels may by

varied. For example, to allow more fluid to exchange between fluid in the first channel
and in the second channel, the interface may be disrupted for a longer period of time. To
allow a smaller amount of fluid exchange, the interface may be disrupted for a shorter
period of time.

20 In one set of embodiments, the systems and methods described herein may be
used to transfer fluid between a first channel and a second channel. For example, a first
fluid in a first channel may form an interface with a second fluid in a second channel.
Disruption of the interface between the first fluid and the second fluid may allow fluid to
be exchanged between the two fluids, as shown in FIGs. SA-5B. In FIG. 5A, a first

25  channel 600 containing a first fluid (the direction of flow is indicated by the arrows in
the channel) is connected to a second channel 610 having a second fluid that is
stationary. The two fluids are separated by an interface 620 when electrodes 630 are in
the “OFF” state (or otherwise are at a voltage insufficient to disrupt interface 620). In
HFIG. 5B, electrodes 630 are in the “ON” state (i.e., at a voltage at least sufficient to

30  disrupt interface 620), thereby causing disruption of interface 620 and allowing the
second fluid in second channel 610 to flow into first channel 600. In some cases, the

flow of fluid between the two channels may be facilitated, for example, by applying



20 ways. In sone instances, for exanple, the radii of curvature of a
fluidic droplet in the first channel and a fluid in the second channel may
be contr ovDedigisctret hat t he radi us of curvature of the PCEHiUS@0H4@Ps et i s
smal l er than the radius of curvature of the fluid in the second channel
that interfaces with the first channel For exanple, the fluidic droplet may
be controlled within the first channel resulting in a fluidic droplet with
a smal |l er 25radius of curvature. In another enbodi ment, the cross-sectional
area of the second channel (or the cross-sectional area of an orifice of

t he second channel) may be increased suhr that the radius of curvature of
fluid emerging fromthe second channel into the first channel is |arger
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or altering.the hydrophilicity or 5 rophobicity of a surface are

di scl osed i HWFW‘E]%F%%F‘? St ?hﬁé‘%/déﬁi‘m%%ﬁ‘%m@é‘f Pg‘ N f\‘i‘ﬁganéﬁ*?‘lﬁgzﬁ%}wr@%%o, filed
February 11ma3@0%emBatelitih86ne RHbARE Y thd el Wi REnsM G Wk ticendhannel s,
Wth Controlled Wetting Properties,” by Abate, et al., incorporated herein

by ref erl@ncehangel; tl§e Bavivelesiy mpnbeeonaolidh ol Frls by seleqiiag aPRRIAS ncl ude

nul tiple chapRgbiiRRR (Rl afh &by OfRHinglHe &R 0B S TEME Wil (RX@XRAE, MY be
used to performmultiple injeCtion/wthdrawal operations, e.g., in series.

For i nst ancé&? sqmegmtpdipapiscos ingtapgephe dloguieiney Berbnises hen #hgui hj ecti on of
fluids into rrﬁn/gécthj, ('lje%s 91519 ngo%t 10d IHEchﬂ'S/@?cfo![lﬁ ll@s? thalﬁl a@du‘t‘ﬁ@hﬁ&éfns%@cdnﬁ! lgs%t ron

systens are arranged in series. Each o e Injection systenms may contain
t he same, othaa abiput fl emenen/sédond.dess thab @bgunjl @krradedond.desa thehabowe 10 For  exanpl e,
in certagkn i e si.ngl.e idic 15droplet may be injected with a
plurali ?; ofl&zslte?c?lgf%snsttﬁ’%%?%sl I331ntls/|5(%ét094’I%tc():\'/vs t hrough a channel, e.g., by use
of a plurality o deripieectmbodimsytstasnentidiedanetdndrchancahphyehe usad Bonme

enbodi nent s rs of i di.c dropl be i Ctefji ith a first

a first.s | pi ts . may '
Flord an. aiBeahiReustheS e dndnd fehiBeCo SR fap Rl dccong
fluid. As alsgecidakes, thefluidiimibk ifing ceaaciphsy, befkebfirolRd shimws a dlghet predes 400,
405, and 41Q, 20w th e] ectrodes 400 405 in the "off' state (e.g., zero
Shectrie i Sian ey Tagh el R Mo SirReP adiiitol evel ai
| east sabfi GlaghtintsOmeinStabigek, farexamprl fhaeflli.of Ehieg@bifeqde fiklk drSpletin ke " on”
state, applying an electric field sufficient to disrupt an interface. A

f1uidic dropfeéfthasg andalinign hsvepngaimnelmatymecen@disd axd Bessecatirstini ng a

col ored fl UcGwadRSorARIUAEEBrobR] REheTkr\thdnihC@bial 8cbublatlirdoshngiaeh @t r odes
400 and 405, which can applé an 25electric field at the intersection of
1

channel 435 5¢R8d eani 12 cegrivithutBofirst ehapredt Ferexgmple, the fluidic droplet

may be controlled within the first channel resulting in a fluidic droplet with a smaller
25  radius of curvature. In another embodiment, the cross-sectional area of the second
channel (or the cross-sectional area of an orifice of the second channel) may be increased
such that the radius of curvature of fluid emerging from the second channel into the first
channel is larger, relative to a droplet in the first channel.
In some cases, the interior of a channel may be modified to change the wettability
30  of the channel. For example, a channel such as a second channel may be modified such
that the fluid emerging from the second channel into a first channel can adopt negative

curvature inside the second channel (i.e., a concave configuration, concave being defined



are in the "off' state. Fluidic droplet 420 is, however, injected with
colored fluid fromchannel 434 while at the intersection of channel 435 and
channel 480 20i0mise776¢l ectrode 410 is in the "on" state. OrPOEUSAIMANPEOENt S
for performing nultiple injections will be apparent to those 30skilled in
the art. Multiple injections may be used to generate, for exanple, a

conbinatorial library of fluidic droplets, where each fluidic droplet has a
uni que conbi nation of injections differentiated by properties such as
injection content, injection - 25 - amount (i.e., concentration, volune,

etc.), time of injection (i.e., at diff&rent perl ods of time), etc.
Anot her aspect of the invention generally relates to a plurality of droplet
types cont airnedhdiwhinto e stvanhelannd agpppaseddo piogmdihy frioghi the scheiipdhnneBy usi ng

systems suc nlt@‘ﬁlle f?gttcﬁa%gl OIRSE4 B‘s’t%n%f{rf&j e?l%rpf}]ﬁ ORL GhSnd BYnRE g&? Eé Ll o ed

within a channe stl nguil shabl’e, I'nstance, on t asi s
color, si zewnadlspyéhndampxdbnﬂnah A dldidan thei firstsbameb . gt hequ;ble@ptbrmlmd voithin he like.

Thus, as a [ s ets o rallt Iets may
be i nj ect edﬁfgﬁsctr&el%l mP Ief Ptieurné {)%OI G ntrﬁrhn enn]g e&ip'lgrroé)ﬁﬁlar%%rl et type
and a seSondqubplroaicltwf miurﬁb@m’eatsslom‘d 1ﬁiIrB<&’ﬁ:ﬂmdald3ra®|Dt &pplicygen Mb.St | ngui shabl e

of pot onti aty CUPPYEReSURG (tmeanl RSP ERER M LR e compos 1) on,

concentrat i Microdgidii CHhanne, Wlth (Ocliﬁtﬂoﬂ@d WRILAR @Fdpefi®s,S UE Abas, & anspar ency,
opacity, ref ractl ve i nde or electrical properties such as

capaci t ance,"EBRHY hﬁﬁ%‘b yie ?%?}I\}fste\}‘tlre&c In one set of enmbodinents,

using the systenm @nd cABbNAEss HASGENRRE IRQER uli@B ¥hahadt Bid/drlatriakt ern of
droplets within a channel may be injected, e.g., arbitrary, random

encodi ngla PBPERDSKE: LB §tmRle magbe uprd tp P%@mlféﬁﬂtli’lﬁéftl%‘%/m tawdk opl et s may

be inj ect edopha@hs,ald ah 8éles NBor 1§s$eiHc9'FIGe3 erict@éaﬁlﬂ@ﬁ‘é?!luéﬂcé atméfdadgcond
droplet types), or as is shown in FIGs. 4B, the fluidic droplets may

be inject edlrimtlp@ﬁfg@rldsf@f@eaafﬂql% d@rplearltmthlﬁ égvepaamlvréhwf INRSHOBPYIICHY 2By
nunber  of drﬁﬁlr%% Fnéé‘n&h'lﬁ oftﬁ@ﬁZéctalé tefndila g*aoﬁﬁmru;%‘e%ﬁﬁee& AiraQl east twce

within the c to produce t repeating pattern repeat units of
2, 3, 4, 5, flgid (g be Gyec@d it a channell Fior G@mpdst, o, certain irstanecsdx spgleflsidicFor

R L L e e
a dye, therelgybg u&aaﬂan@rahtgoﬂmgtph@t systeme,aAs aither exannﬁd @G sof8, a 15-dropl et
afgglate ¢ gmrr; )f;}n 0 @F% %ta fa st set 05%1(%’1 r{gﬁets may be 1nJec?ed with a F S AGIEE S seegon%f
set of fluidic droplets may be injected with a second fluid.
As a specific non-limiting example, FIG. 3 shows electrodes 400, 405, and 410,
20  with electrodes 400 and 405 in the “off” state (e.g., zero electric field, or an electric field
that is below a threshold level at least sufficient to disrupt an interface). Electrode 410 is
in the “on” state, applying an electric field sufficient to disrupt an interface. A fluidic
droplet 420, having moved past channels 430 and 432 containing a colored fluid, has not
been injected with colored fluid since electrodes 400 and 405, which can apply an
25  electric field at the intersection of channel 435 and channels 430 and 432, respectively,
are in the “off” state. Fluidic droplet 420 is, however, injected with colored fluid from
channel 434 while at the intersection of channel 435 and channel 434 since electrode 410
is in the “on” state.
Other arrangements for performing multiple injections will be apparent to those
30  skilled in the art. Multiple injections may be used to generate, for example, a

combinatorial library of fluidic droplets, where each fluidic droplet has a unique

combination of injections differentiated by properties such as injection content, injection



according to certain enbodi nents, by using nore than two types of droplets.
For instance, a channel nmay contain nultiple sites of injection, e.g., as
previ ouslwodnexsszed, and injections nmay be control |l ed POTAISR@NH4®06 i r St
plurality of droplets of a first droplet type, a second plurality of
droplets of a second droplet type, and a third plurality of 30 droplets of
a third droplet type. Even nore droplet types may be created in other
enbodi nments, e.g., fourth, fifth, sixth, etc. The droplets may be arranged
in any SU|tabIe - 26 - pattern, |nclud|ng arbitrary, random or repeating
patterns (which may have any nunber of-%roplets defining the repeat unit of
the repeating pattern). In another aspect, the pressure within a channel
may be det epmpwEdi ugionggnaatpsv@ems gesh), e phiopeticieser dteideréns petiads of or
exanpl e, by QESQ{nlnlng t he bal ance of 5fluids between a first channel and
a second channel the pressure or pressure difference between the channels
may be deternlnednmﬂhemgxz@%bwmsmmmeg@knﬂﬁ@ﬂmmwwdmmnmaybﬁ@@pr@maen a first
fluid ina LinshefIANASkARd, dcfSCORd-tanidohnd. 355008 ERAANEL, IS @
function, at TeastVI'n"part™ ™ ot"vAe" BT ST EnEE M préddai e DECREER t he
channel s5 Bﬁmde&ﬁmﬂmdmmguammpmmen@ymmbmhhhdhmmEHha@mwl@tgdmuhmndﬁbbrnlning
a radius offcurvature of thefl |nterface ﬁgress%{eﬁl Qﬁ qhannels on
ei ther si de GrPYHES iR REE 8" ISP B A&REe ne Wlln%§m3°§%3 PR exanpl e,
?_ first hc haﬂflfhk haadnalss@mp&lﬁd@aﬂ@le gome droviles lSﬁC}blul?hty%ﬁ dtd@%e{ﬁ‘rﬁ?ﬂ%d on. Ehe
i rst channe contain a first, continpuus |iqui en ui romthe
second chan HB?C“‘é‘?/fP Seateapistpiyradity ehdapigls ohy gfsh%m}’ t@psady serpnd Uiy di ¢
interface maydbgledt @5sBA4 drbpee t@ﬁ@&&ﬁfgﬁlsﬁ‘dbw"ﬂr(ﬂn ihairgaRiplugusophase may
fluctuate due to the partial or conplete ing of the first channel by
the fluill efMsEgraly Pyt d¥fe %%ﬁ%}n@%‘ﬁrpéﬁnuﬁ Hgaé%‘iﬁhétmtgﬁ’é higg essur e
fl uct uat i ONgparRGROSARCISUCRInRSsiford; B BRE ISR B Mty TRY.; &ﬁw&%ﬁ@kh&@%ﬁh'n the
first channel upstreamof the intersection, e.g., as shown in FIG 13 with
first channet rgoDArensscaMetE FaipiETe Bk, clener ckestisat pransstiessadoiid channel 810
in this 20e t fluid into first channel 800, in this
case creatigﬁﬁghﬁgaﬁdyggﬁn&zK%@hﬁﬁl%?n channel 810. Early in the cycle, the
ener gi ng dropl et Ingmesefad empedimprs, Iuylngthstqsst¢mwtd nedilamin desc80@] hepamgiing t he
pressurecin L. 815 to
nove up&grdahggni %&%1@ﬂ§§ﬂ%%w§@, ﬁ%@g%h% e&@ éggg%gfgggg{separates
fromthe secmmﬁughaqnammquwmp&es&mﬂ@w|Enm@bmasdwchanSnmgb¢nWmmﬁame 840 to

an alternating fashion (e.g., between first and second droplet types), or as is shown in
FIGs. 4A and 4B, the fluidic droplets may be injected in longer repeating or arbitrary
patterns, containing any number of droplets within a repeat unit (which is repeated at

20  least twice within the channel to produce the repeating pattern), e.g., repeat units of 2, 3,
4,5,6,7,8,9, 10, 12, 15, 20, etc., or more droplets. For instance, FIG. 4A illustrates an
embodiment where two adjacent droplets are injected with a dye, followed by three
adjacent droplets not injected with a dye, thereby creating a 5-droplet repeat unit; in FIG.
4B, a 15-droplet repeat unit is illustrated.

25 In addition, more complex sequences of droplets may be created in a channel,
according to certain embodiments, by using more than two types of droplets. For
instance, a channel may contain multiple sites of injection, e.g., as previously discussed,
and injections may be controlled to create a first plurality of droplets of a first droplet
type, a second plurality of droplets of a second droplet type, and a third plurality of

30  droplets of a third droplet type. Even more droplet types may be created in other

embodiments, e.g., fourth, fifth, sixth, etc. The droplets may be arranged in any suitable



25move | ower in sensor 815, as shown in FIG 13B. Because the droplets
produced via the second channel are produced in the first channel in a

peri odi c WQcob®/15117¢ i nterface of the sensor oscill ates ®RETARSA1GOW06
periodically. By tracking the position of the interface over many cycl es,
pressure fluctuations within the first channel nay be determ ned or
quantified during droplet formation. An exanple of such a determ nation can
be seen in 30 Exanple 4. For exanple, early in the cycle, when the emnerging
droplet partially or conpletely plugs the first channel, there is a general
ranpi ng up of pressure within the - 2726first channel upstream of the
intersection, as registered by the Laplace sensor. After plugging the
orifice at phiternmaydrecarbigaryofanddia of rapsatingpattesecoma-hahyhaet gny nundei ncr eased

pressure i WBF@Q I?tS?Eﬁ%P?th?g%eWﬁﬂ nghg'?%q%gttingﬁﬂg%f"g the droplet to narrow

and event ual n orman Is roplet; this event may
coi ncide with a mapodiefabdctitne Bpesessiithen a ¢hanvdniap bs detspenddssog at he

nvent i on, g Lluld) g, sustem as, dl ol psed, herel nmy.al sg. bielude a dropl et

S
formation s% eny a Sensi ng system a cORtPSI et T ahd orc & ropl et sorting
and/ or seépaflaids berwsytsd B3y channeh iyl c@odidvatimel tefpréshas er gysuenstferSueh syst ens

and net hods, may b ositioned in any .syitable order., ndi on a
o eul o posket e BeRach S8 Ge (Ditke” the 32 S e e EOEREE% " i ven
type may bebusech a figt fleid anplist cHawe] afid NcendiiPinet seb@kiBiinens ayst ens, two

or nore dropl et separation systens, etc. As exanples qof arrangenents,
systems of tHEUPhEEfAtY H‘rPaEta‘hfytE%gl FearfgB AT ¢ eé‘rt]&ep‘%é{‘%e,ls' tRY dil ute

fluids, to @&Bﬁnﬁiﬁi&gh%@p@@ﬁ@ﬂﬁé [ndriad) e Qf, b§ RBGHARinWa kit HceRh@Fcof 0 SOT't
droplets to select those with a desired concentration of sgeci es or

entiti ed0( einjerfacepusgprevishin feiwhanspk on sitheg sign et hpine{ace gy bf eact ant ), to
fuse indivi duaimiftopl ets to cause reacti on between species contained in the
i ndi vidual droplets, to determ ne reaction(s) and/or rates of reaction(s)
in one or nore dAdpprecHic cgample.Hig cHael angdrarsaenid geanmel annisBegragt i ced i n

accordance Wt ok PRV R L ARECE PL ool ERE | reel to
systens and et Collc;]iig ?or pro ugll ng 20 ropflrest’gootP1 ?l?su?ﬁg él}?l%gundﬁg&gy a

| i qui d. The telse¢oard ghahnelvaters thefigt ehapndh et helmsarsentiona b fypidiqmniegetebhay ben many
cases, ic€. . $Ci a1 i . > time it
takes a 115 I ui’f(glhngg'1 d?%é !ést%m(tao% 1@‘3{ %lgg%@%g(lﬁ%@ggsf ﬁ‘%ﬁg“ﬁ%%tegg? iﬂé(ﬂllg%t?altsobst em or
devi ce). | ncaeplt@iphiggmges thetfine chimopll tettise fiwy cpaghgimnshbstcand thainhgl. t he sane

shape or si 28, a8 TuLLher, described, below  The £l yi.d ey alsg contain ot her

speci es, for CEXANMT B PRSI NP B BPAP s Bt isds 4P Y
positioned in the first channel upstream of the intersection, e.g., as shown in FIG. 13
with first channel 800, second channel 810, and sensor 815. Second channel 810 in this

20  example is used to inject a fluid into first channel 800, in this case creating a new droplet
820 within channel 810. Early in the cycle, the emerging droplet at least partially plugs
first channel 800, causing the pressure in the first channel to rise and interface 840 of
sensor 815 to move upward, as shown in FIG. 13A. However, when the droplet 820
separates from the second channel, the pressure is released, causing interface 840 to

25  move lower in sensor 8§15, as shown in FIG. 13B. Because the droplets produced via the
second channel are produced in the first channel in a periodic cycle, the interface of the
sensor oscillates up and down periodically. By tracking the position of the interface over
many cycles, pressure fluctuations within the first channel may be determined or
quantified during droplet formation. An example of such a determination can be seen in

30  Example 4.

For example, early in the cycle, when the emerging droplet partially or

completely plugs the first channel, there is a general ramping up of pressure within the



25(e.g., as further discussed below), cells, particles, etc. In one set of
enbodi nents, electric charge may be created on a fluid surrounded by a

i quid, whDchiomy’76ause the fluid to separate into indieCaoskoldogpbet s
within the liquid. In sone enbodi nents, the fluid and the liquid may be
present in a channel, e.g., a mcrofluidic channel, or other constricted
space that facilitates application of an electric 30 field to the fluid
(which nmay be "AC' or alternating current, "DC'" or direct current etc.),
for exanple, by limting novenent of the fluid with respect to the |iquid.
Thus, the fluid can be present as a seri’es of individual charged and/ or
electrically inducible droplets - 28 - within the liquid. In one

enbodi nent , firdhehawheapsticemfad theanieseqtionchsaerittéred by e dapladirsopdont Afiety be | ar ge
enough to ¢ ) i ] it i || Qi ses, the
electric fo?gégggggfglgg%%%%%&?¥§¥%fﬁmﬁgg%f%§gﬁgyﬂgggﬁg%gwﬁgggFfgct a

desi red not ipessuod intpivezes pohe emexgitghiropl¢thaubing)thie droplad ro mx@mping evantuagly wi t hi n
a channel or.a m.crofl uidi hannel .,5(e. g., as. further de i.bed herein),
otc. episfy P80 B A RS BANG, wie By ol WG SRR P he 1T aui o
usi ng any spiekald.e techni que, for exanple, by placing the fluid within an

electric field (which may be AC,. DC,. et . and/ or causi a reaction to
Coeur that chus el R RER S A mpaiaf ol SREnGh SR R SR EH "
chem cal realddea draplet F@haGor a6l Hensidg pRehgaabaloeednd/eacdroga, 10etc. In
one enbodinent,, the fluid is an E|ECtr%&§%ﬁ&$&$HCtor. As used herein, a

" conduct or " SPTENGAHHTSFRAEAUOR ARy OB 2RO OF SHLCe 280 HFSTE t he

conduct i vi t ¥n®@heth8dsRGARYILi(iMIATH @y Mikatdd oMet, BEpendii€ oh b Batichigur roundi ng the
fluid nag have a conductivity less than that of the fluid. For instance,
d

the |iqdPd ABRNCHENapd IRSANAEDES, MuBIPk SYHems of 4 ucriyps B2y by ussd. fPeast a "1 eaky

i nsul ator, " ckanfple, th&6r hb@Wirdhid Sorflich dySteRt, tbv@%?ﬁlogeiﬂgﬂlétis:@r[%]alréﬁoﬁl ectrically
insulate the fluid for at | east a short period of tine. ose of ordinary

ski |l in théys@ams, ¢l Ns penghisef ppanzgepnts systerpeof deigurntipy Fanpegirapgedittls. | n
one non-1li mgt| i : i : i : ophilic,
and the Iigﬁ%&ngﬂggggﬁgﬁﬁgh?ﬁ%qfﬁﬁkgl%ﬁy gggﬁgg?§%?§§+?%$ﬁgg¥g%hgﬂic. The
el ectric fi edrtidroplatssosrdece iberdivitendesired ongentiatient edpéaicror antitiel &eg.ric fiel d

20gener 6}5 or .’droiglet?s'oeaf (éoq?a\\ﬂ.&l %0196%1%(21),{6 eecgprgat%laﬁ%);[ tg lflgsfegt?cfi\%d@a{l] dl%lpEFs;tB Icgusé ield that

can be applie ectric enerat or ‘may produce an AC
field (i.e. reaome Hehedenypacies sopanédod itheahdliyidwaltdroplaes peddierinmetreavgon(f)or
exanpl e, sinusoi dal oot h uare,  etc one t hat

e conet ant WNPEH- Pouu BB Ry B S apdhy St bR 7 o
practiced in accordance with the invention.

One aspect of the invention relates to systems and methods for producing

20  droplets of fluid surrounded by a liquid. The fluid and the liquid may be substantially
immiscible in many cases, i.e., immiscible on a time scale of interest (e.g., the time it
takes a fluidic droplet to be transported through a particular system or device). In certain
cases, the droplets may each be substantially the same shape or size, as further described
below. The fluid may also contain other species, for example, certain molecular species

25 (e.g., as further discussed below), cells, particles, etc.

In one set of embodiments, electric charge may be created on a fluid surrounded
by a liquid, which may cause the fluid to separate into individual droplets within the
liquid. In some embodiments, the fluid and the liquid may be present in a channel, e.g., a
microfluidic channel, or other constricted space that facilitates application of an electric

30 field to the fluid (which may be “AC” or alternating current, “DC” or direct current etc.),

for example, by limiting movement of the fluid with respect to the liquid. Thus, the fluid

can be present as a series of individual charged and/or electrically inducible droplets



generator may be constructed and arranged to create an electric field
within a fluid 25 contained within a channel or a mcrofluidic channel.
The el ectwpeofosiégenerator may be integral to or sepaP&Taste10/uihe
fluidic system containing the channel or mcrofluidic channel, according to
sonme enbodi ments. Techni ques for producing a suitable electric field (which
may be AC, DC, etc.) are known to those of ordinary skill in the art. For
exanpl e, in one enbodi nent, an 30electric field is produced by applying

vol tage across a pair of electrodes, which nay be positioned on or enbedded
within the fluidic system (for exanpl e, 28 thin a substrate defining the
channel or mcrofluidic channel), and/or positioned proximte the fluid
such - 29 withlnahe hquid.elagne ampeshmpwinthe fle¢the fas¢eeexert¢donf theflidicirenddct s with
the fluid. t [ sui egctrode
material or 'RgPEFE GRRARRARNR dAIN PREC MATRTN AL IS SR L TR

i ncl udi ng, blettrinddercd ¢xertedech the fluslid dreplet ngpyl bet,us@lop Peegt aclasited motiph af thaum

copper, tungsten, .1i cadm.u ni.ckel ., indiumtin oxi.de.("lTO' etc., as
ver | g SconbPrarbinds SEREM DR &R wlBa Mok 8RNl Sohet St 1

t ranspar ént (et estfuotedescabedderadiugede. 1 n certai n enbodi nents, the electric
field generator n be constructed an r.anged . g. ositianed) to
create an el ectr @thlf SPESBY ]i’ecca'{%a}“\edalflgnetafhlé(?i”ﬂﬁ‘f‘ééegfq%éq uSPn@a@i’ Sl&B‘E%t 0.01
V/ m cr onet ekech@feh, forRxSOHIE by pEebyg tad fldieashinab et MR (Whithaigmetgr,, at

| east about 0,05 V/nmicroneter, at |east about O Oﬁngnicroneter, at | east

about 0.1 183 Kicer EqUsIng @ rpachian o oot thag canses the Hyid tphayp an glecfit ot about

0.5 VI m cr ouRir&d, fordkarhSastchaRul reién, Whid b RARIA! a pidtoch@Bsdd RReMh, 1
V/mcroneter, at |east about 1.2 V/mcroneter, at |east about 1.4

V/ i cr ortBt eflc: &t oneeaodimisaythefivgl iveprleraracarducior. Ag usedheeingbout 2

VI m cr onmet eFeonhife&i0 1 ARPRL AR § coRMaNi R 0akasedsal hé Sodal&lvily bPignsi ti es
may be used, for exanple, at |east about 2 V/mcroneter, at |east about 3

V/ mi cronet e megaghn] @4Chm ahMigd) wWass. thrﬁi@{fid)moengﬁn&the fagkhaydsge e 7
Vi'm cromet et QLadl 1t anh aiPOtthe Hlia VD! G5 ] Ftﬁ% 1ilia TR B an 1nfulatb£' anot her

aspect, the invention relates to systens a r allow ng the
m xi ng of nueldivehate dloal, b ayiladsitad laky isula®ot i.exhepied isiablevanileass enbodi ment s

of the i,aventlof i85 i dd MG 205 Shat Fba BEudL! PRdf 0 fuse or
coal esce; a destribed
ordinary skill in the art will be able to identify the conductivity of fluids. In one non-
limiting embodiment, the fluid may be substantially hydrophilic, and the liquid
surrounding the fluid may be substantially hydrophobic.
The electric field, in some embodiments, is generated from an electric field
20  generator, i.e., a device or system able to create an electric field that can be applied to the
fluid. The electric field generator may produce an AC field (i.e., one that varies
periodically with respect to time, for example, sinusoidally, sawtooth, square, etc.), a DC
field (i.e., one that is constant with respect to time), a pulsed field, etc. The electric field
generator may be constructed and arranged to create an electric field within a fluid
25  contained within a channel or a microfluidic channel. The electric field generator may
be integral to or separate from the fluidic system containing the channel or microfluidic
channel, according to some embodiments.
Techniques for producing a suitable electric field (which may be AC, DC, etc.)
are known to those of ordinary skill in the art. For example, in one embodiment, an
30 electric field is produced by applying voltage across a pair of electrodes, which may be
positioned on or embedded within the fluidic system (for example, within a substrate

defining the channel or microfluidic channel), and/or positioned proximate the fluid such



20 above, and then, within the fused droplet, the two or nore fluids from
the two or nore original fluidic droplets may then be allowed to mx. It
shoul d bewaabwdistttat when two dropl ets fuse or coal escePCparst@on4090&i ng

wi thin the droplet does not instantaneously occur. Instead, for exanple,
the coal esced droplet may initially be formed of a first fluid region and a
second fluid region. In sone cases, the fluid regions may renmain as
25separate regions, for exanple, due to internal "counter-revol utionary”
floww thin the fluidic droplet, thus resulting in a non-uniformfluidic
dropl et However, in other cases, t¥e fluid regions within the fluidic
droplet may be allowed to m x, react, or otherwise interact with each

ot her, resulhat pidedsia pariierdofdhe @entrid adld ytarioredith thaifldide Tde elskteadss capde i xi ng

may occur thrpug fg%% H@ﬁéult%@% rJdQ'ina?eQ%ﬁ?ﬂPJtuﬁtals %%‘thgiefJf%odfu?a@%( €. 9.,

throughthelnte weent e reglons rough reaction e fluids
wi t h each othi8in the hrcoughdifig, ipudndt lhawedvtd; Isllwar tehie, dipp@l etrbqni, pletinungonvect i on)

etc. However in so m Xi n he reg be e hanced - 30 -
t hr ough cer CHPRD §l§/§g§rﬁsmec %%ltur%lnwkl nﬁhunf BRI Rgﬁ%gﬂ‘t asl%r &xanpl e, the

fluidic dar opbrebmamayts berepasiaeomt bzfs@ﬂJg’anspﬂlentG]T sMraetlﬂlyaramajasenoasle@tohesr systens
whi ch cause thl% gﬂet t.o cEaC{JIge its | oc i% and/or directi ondof
novenent . THE %%ﬁf@ nSETER P! ﬁ“t?ré%? Cf‘?ecr ' %?P&’i?foré‘?tl PRSI hin the
d][ oP: et, N Caughipgd tdxe, %olstltibtlit&l) tocr&ge %ielécﬁ@cﬁﬁi%@@mﬂlbﬁdléwtm thed of a@ber exanpl es
o] uidic roplets are described in In natj onal Patent

Appl i cat i onn%éﬂ‘pgll VRBCrosgeefor SdoB4P e 64183 At lepyt é@%ﬁﬁ V/rgicrossied: ahveapt nk, et
al , 1 ncor pakstk 695 WemRkdnd®t, 418681 BOE).08 V/mlcrbllﬂet@ﬁ@ttb@st als®t 0.0f enbodi nent s,
droplets of fluid can be created froma flujd surrounded by a Ii qU| d within

a channéf by Bictunsisigatdeset PR PREY /MHFRBRST dhisait Abeyt fan{BYCraD¢Hatt 14t abl e t o

i nduce the Hhdh 0.7V f @6 bNa 1VdsO4R L ﬂ{lﬁﬂh%htéter faPlea® %66 &, v/HSdrBehd, OW-
focusi ng techni ques. The channel may, fo exarrpl e, be a channel that

expands rel atledseahoyt A& /Hicraeaigrodt legpt afop@}vt 68/@@0@%@9%4& theet 3| ui d does
not adhere g fcﬁﬁn&é}aﬂpf‘dmevﬂﬂoam’?eﬂ% é@ héﬂk@écﬁicq\éﬁ infPhQRtEhay deNREpad, or a

channel that narrows relative to t ctlon of ow, e.dg., suc that t he
fluid is fofoedanpecoihsabent 2rit/midreraéten @ttl@ﬂst abooipl ¥ingicropteptahlgast about

15enmbodi, Bren%%i/mlc%rﬁ&%g%t 19a§§{b%Htctt bﬂlggrpﬁ%%g%k e dﬁ?a%ﬁ?fb '%/}Pm&%}ﬁ%ﬁ&f opl et

formati on tO occur I nstance, osts e |like may
be used to diost.upt liquid flowin a manner that causes the fluid to
coal esce into fl frlll a(tlllot(l:lerd Jsgg:lt,etﬁesihvention relates to systems and methods for allowing the
mixing of more than one fluid to occur. For example, in various embodiments of the
invention, two or more fluidic droplets may be allowed to fuse or coalesce, as described
20  above, and then, within the fused droplet, the two or more fluids from the two or more
original fluidic droplets may then be allowed to mix. It should be noted that when two
droplets fuse or coalesce, perfect mixing within the droplet does not instantaneously
occur. Instead, for example, the coalesced droplet may initially be formed of a first fluid
region and a second fluid region. In some cases, the fluid regions may remain as
25  separate regions, for example, due to internal “counter-revolutionary” flow within the
fluidic droplet, thus resulting in a non-uniform fluidic droplet
However, in other cases, the fluid regions within the fluidic droplet may be
allowed to mix, react, or otherwise interact with each other, resulting in mixed or
partially mixed fluidic droplets. The mixing may occur through natural means, for
30  example, through diffusion (e.g., through the interface between the regions), through
reaction of the fluids with each other, through fluid flow within the droplet (i.e.,

convection), etc, However, in some cases, mixing of the regions may be enhanced



O her exanples of the production of droplets of fluid surrounded by a
liquid are described in International Patent Application Serial No.

PCT/ Us200%000268776f i | ed 20April 9, 2004 by Link, et al PCarus20mte0opat i onal
Pat ent Application Serial No. PCT/U503/20542, filed June 30, 2003 by Stone,
et al., published as WD 2004/ 002627 on January 8, 2004, each incorporated
herein by reference. In sone enbodi nents, the fluidic droplets may
each be substantially the same shape and/or size. The shape and/or size can
be determ ned, for exanple, by neasuring 25the average di aneter or other
characteristic dinension of the droplet¥.- The term "determ ning," as used
herein, generally refers to the analysis or neasurenent of a species, for
exanpl e, quéneugharitaiekystenrs cgpigaial ofahe leildie drephet/ bpr axhapldethe Svidisrilreflett he
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20 April 9, 2004 by Link, ef al. and International Patent Application Serial No.
PCT/US03/20542, filed June 30, 2003 by Stone, et al., published as WO 2004/002627 on
January 8, 2004, each incorporated herein by reference.

In some embodiments, the fluidic droplets may each be substantially the same

shape and/or size. The shape and/or size can be determined, for example, by measuring

25  the average diameter or other characteristic dimension of the droplets. The term
“determining,” as used herein, generally refers to the analysis or measurement of a
species, for example, quantitatively or qualitatively, and/or the detection of the presence
or absence of the species. “Determining” may also refer to the analysis or measurement
of an interaction between two or more species, for example, quantitatively or

30  qualitatively, or by detecting the presence or absence of the interaction. Examples of
suitable techniques include, but are not limited to, spectroscopy such as infrared,

absorption, fluorescence, UV/visible, FTIR (“Fourier Transform Infrared



20l n certain enbodi ments of the invention, the fluidic droplets may contain
additional entities, for exanple, other chem cal, biochem cal, or
bi ol ogi caWoentwtsiEs (e.g., dissolved or suspended in thecCiuseap/o4@es | s,
particles, gases, nolecules, or the like. In sonme cases, the droplets may
each be substantially the sanme shape or size, as discussed above. In
certain instances, the invention provides for the production of droplets
25consi sting essentially of a substantially uniformnunmber of entities of a
species therein (i.e., nolecules, cells, particles, etc.). For exanple,
about 90% about 93% about 95% about- %ﬁ@@ about 98% or about 99% or
nore of a plurality or series of droplets nay each contain the sanme nunber
of entiti es Spfctrasqeay’di allamansgyedinetsic tqchpiqiqsstlhprometry psazbgecint i al nunber of
fluidic dr Omegglﬁerpgn%dﬂﬁrﬁlgrloagsags el 9t§0(:g(§§1%£1 nli’e%gnag&‘{se optiddY g&?sﬁﬂ:m%gtgont ain 1
entity, 2 entities 3 entit g entities entit 8 ?’entltles 10
entities, 15uddrasioptic@bdeni@y mersiteinests; c@Sulendichrpies, 1iB0 scamamrtg Ie&surdﬁlelﬁmt ities,
50 entities O.enti O entitie ities ties, 100
entities, eisc(islals Z?Fﬁx&ﬁlgﬁmean aignmg EC% %gngpgoru§§5¥ macr ool ecul es,
cells, partmﬁhﬁﬁmnaﬂx In sone cases, the droplets may each independently
contain a range entit | ess .t.han 20 entities, |ess than
1 ent it esDas g flidts TRt oS PRFBLCorHER P AR B8 il han 5
entities, Oavdrgesfilhtanc@gediimétb®sl édths0MN® dﬁ)@&m Thbm: cﬁra)@dlﬁaey siefl iretibodi nent s,
ch contajn spe0|es

|naI|qU|dcon n lets of 5fl uid,

of interest a’éﬁ’dﬁ E‘bir’l%l g’fdd \%ﬁfg@ﬁ theGVRaEe Wemetss (ﬁf nﬁ‘éf Cé‘b%@?‘é%”&fm?“ﬁ%)r t he
dropl ets of pfurdtic@or@ess d&%ue@senﬁ@xﬁﬁp@ Qa8 thséalght fasdindl @RkRESIOf | ui d
contalnlng t he species as further described below (e.g., using fluorescence

or ot herl0t eHHIHHIEE, Fpdir WWWS%@“H‘@%CW%’&H%@%WOPE d # RO HREi@hses, the

dropl ets mayrdpe36he el nAlicaQldt8ckdfaQbrald \ASe FRhEdrSp1Qf infdohitcd £RRS @i Ning a
particul ar nuber or range of "10entities of the species of interest, e.g.,

as previ oushg cgagepifased The average diagietsy Rbt df@Blﬁb@tld/OIt o Myrelenor shcs ol at es to
systens and %;e%@%iycé’, cﬁ) aaner' a6k tganf albldhtdl' Gim! fe@ 9& aﬂo Lth)O roﬁ{ete?éor e

droplets. The e surrounde y a |qu
previously desdrn e 2%d10tdm@t€fr$ dﬁsslthandbquhé()q ingprinekters. dese dwe rabtrvaﬁﬁ y

I mm SCI Be I crgxglgt%rscﬁ&e[ﬁant a];ggt StOV}Qlc Erb[g?sg ﬁebg{hglp Iilk%ttlf%§11’nf&gt§r§eQerp Yes? E‘Haht ting the

original Ic dro may eac sanme shape and/ or
size, or t hab(tuwl)O oxicromeéters, or less than about 5 micrometers in some cases. The average

diameter may also be at least about 1 micrometer, at least about 2 micrometers, at least
about 3 micrometers, at least about 5 micrometers, at least about 10 micrometers, at least
about 15 micrometers, or at least about 20 micrometers in certain cases.

20 In certain embodiments of the invention, the fluidic droplets may contain
additional entities, for example, other chemical, biochemical, or biological entities (e.g.,
dissolved or suspended in the fluid), cells, particles, gases, molecules, or the like. In
some cases, the droplets may each be substantially the same shape or size, as discussed
above. In certain instances, the invention provides for the production of droplets

25  consisting essentially of a substantially uniform number of entities of a species therein
(i.e., molecules, cells, particles, etc.). For example, about 90%, about 93%, about 95%,
about 97%, about 98%, or about 99%, or more of a plurality or series of droplets may
each contain the same number of entities of a particular species. Ior instance, a
substantial number of fluidic droplets produced, e.g., as described above, may each

30 contain 1 entity, 2 entities, 3 entities, 4 entities, 5 entities, 7 entities, 10 entities, 15
entities, 20 entities, 25 entities, 30 entities, 40 entities, 50 entities, 60 entities, 70 entities,

80 entities, 90 entities, 100 entities, etc., where the entities are molecules or



dropl ets may have di fferent shapes and/or sizes, depending on the
conditions used to split the original fluidic droplet. According to one set
of enbodiwerdwy/15a7761 ui di ¢ dropl et can be split using anprapflse@d/oeloect ric
field. The electric field my be an AC field, a DC field, etc. The fluidic
20droplet, in this enbodi nent, may have a greater electrical conductivity
than the surrounding liquid, and, in sone cases, the fluidic droplet my be
neutrally charged. In sone enbodi nents, the droplets produced fromthe
original fluidic droplet are of apprOX|nater equal shape and/or size. In
certain enbodinents, in an applied el eciic field, electric charge nmay be
urged to magrate fronlthe interior of the fluidic droplet to 25the surface
to be di st r inkatoawlachles, édis, pashéleshetrain wohwrcatsy, thadropletstkg cathect ric fiel d

exper | enced ydlydi b IOl o DAL 9P Blpph e8I ATBRHLIRA iy Ehe

el ectric char the su may al So experience a
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fluidic aroflugt s)merfevlﬁdhemhtra1nca spr(&d:&d)farn@iestadd tc@nddf@vlﬁdmﬂomocmnmmthet S may be

ted, f , i h d bed. abqv ith
ot on ansehePPinfrel B fhiS oL REy Magpe S tF3EY B8 BPRELIPER SRS ot of

splitting aflddwodiathindrtpdmeticd ﬂtfﬁrtﬁdi\ﬂesdﬁﬁdbﬂ Rlcsv @Ie§ udiag Clidd&Enderdr other
I nternational Patent Application Ser . PCT/U52004/ 010903, filed Apri
o 2004 by [ARGUGEU S oyt Esdegabeicotal THatBAE<AGH FERER K 86r [ al No

60/ 498, 091, sérbdned oPBUS tor dose dOPRBIs IPYluldicBhainfiy-a pAkticulad e befngd dronal
Pat ent plication Serial No. PCT/U503/20542, 5filed June 30, 2003 by

Stone, @Y aPnuticpahihp sprEts AW R0G4 LORLELT! wiesgaedary 8, 2004, each

i ncor por at ed her gi fof¥r afsg c@rtﬁ‘él‘ﬁ?enubﬁ‘re@a[&% 8 §¥stes aﬁfﬁa}féﬁioﬁﬁfb} §pht@ngf duidic
droplet may be directed by creating an electric charge (e.g., as previously

descri bed) SHIHTEORIPIGHIOEYO OBmEresireRits. nEﬂetfh@h@ﬁr@plebmaxjéq Wgoamﬂedbp Ri ed
electric fi (ﬁtkh e1éc{i\'@’lrf%3) egzéﬁslg%e?cﬁbépaﬂd &E‘P‘lmd E’ﬁnec]lqrﬁ e &E&?aﬁ’? an 10exanpl e,

an electric l'ectively appl |e enoved a different
el ectric immiscible in some cases. The two or more droplets created by splitting the original

15  fluidic droplet may each be substantially the same shape and/or size, or the two or more
droplets may have different shapes and/or sizes, depending on the conditions used to
split the original fluidic droplet.

According to one set of embodiments, a fluidic droplet can be split using an
applied electric field. The electric field may be an AC field, a DC field, etc. The fluidic

20  droplet, in this embodiment, may have a greater electrical conductivity than the
surrounding liquid, and, in some cases, the fluidic droplet may be neutrally charged. In
some embodiments, the droplets produced from the original fluidic droplet are of
approximately equal shape and/or size. In certain embodiments, in an applied electric
field, electric charge may be urged to migrate from the interior of the fluidic droplet to

25  the surface to be distributed thereon, which may thereby cancel the electric field
experienced in the interior of the droplet. In some embodiments, the electric charge on
the surface of the fluidic droplet may also experience a force due to the applied electric
field, which causes charges having opposite polarities to migrate in opposite directions.
The charge migration may, in some cases, cause the drop to be pulled apart into two

30  separate fluidic droplets. The electric field applied to the fluidic droplets may be created,
for example, using the techniques described above, such as with a reaction an electric

field generator, etc.



field may be applied) as needed to direct the fluidic droplet to a
particular region. The electric field my be selectively applied and
renoved asorewdst]76i n sone enbodi nents, wi thout substanPCalusgoialos@pé ng t he
flow of the liquid containing the fluidic droplet. In other enbodi nents,
however, the fluidic droplets may be screened or sorted 15within a fluidic
systemof the invention by altering the flow of the |iquid containing the
droplets. For instance, in one set of enbodinents, a fluidic droplet nay be
steered or sorted by directing the I|qU|d surroundlng the fluidic dropl et
into a first channel, a second channel-33%tc. In certain aspects of the

i nvention, sensors are provided that can sense and/or 20determ ne one or
nore char act er i sOthesexgmpich ef fpligingiadlugdio gloglesintcame/dorplds ghdesmgbarinstic of a
portion of t he
l'iquid surr EIE% ?tnoéhﬁlagen? ¥§é1§ 82%?‘%8{ Ig!t) ;tg%ﬁqﬁ%@ﬁmé@%nﬁfeg ég}% O%OZPF ow t he
determ nati dmlkott apne. SoPrmromaHPmnaAppquaBdm BsiablNo 1401981001, dilal Slwgmpd 25t S .
Characteris thr ect, tao the dr e in the
Cventt on canTbes PUELT 77 Bl lohE PRSP SRR P HIERE

25Non- | i m t ififeg Jemmplzms bnytsnecbr at.hpubdictiedras LG Q@()WO@@BM Jahuroy 8 206MCeE,
spectroscop e. frared, ultraviolet, etc.), radioactivity,
mass, volu ac(hdlé%&?(ﬁ;&h?eé B-‘fﬁelrtl?f?léc viscosity, pH, concentration of a
subst ance, such BlSona s&tloﬁ)bltﬁg(bcﬁlabn&utfﬁiﬁcﬁ@@@pléﬂn@y be @reple@be ciRatig aaucl ei ¢ aci d,
etc.), or the lik are owrprowded whlch

t def i
will aidi nelﬁﬁtﬁ‘érc]?(r%en(ﬁlgnés QrﬁP"ioBﬁ d%@é‘%‘%iﬁ‘ﬂg‘ I mpﬁe;ﬁg‘gg AVEHE BHIORIY | owi ng,

and i nt er spagisesh Mplibd élg@ﬁ@ﬁ@l@fdzlﬁéﬁm%n& anl 8C fivfat :hEC S elconRe that will
nore fully describe the invention - not ed, vari ous aspects

of the pPes&mmAlh¢BalerEA le]é‘I%Yé’etséle%ﬁVébl aéP]éedc?Pdqu%HVéd &ipdiigiensaleica | i qui d
(e.g., sus p%eraerga)y beEB?hééﬁ qu{e@aeﬁ B e e GUBSRNb I Fatitul PR RAMERS hape

and/ or si Ze, ferent shapes and/or sizes, depending on the
particul ar a}s@m élalduw beaglegivety anakiasi 7d rempryed as preded, I gmegaRedigenyy. r ef er s

to a subst a%tﬁo&t@ﬁﬁstﬁﬁ&lﬂzal&ﬁnéﬁlk AW D SheliRu QA ttﬁ’e \gﬂ&c%%p'lét”e of its

cont ai ner, i. . a gas, a viscoelastic etc. Typically,
fluids are mat erlmt@rﬁm&@dlmﬁ@ts hoabyee. th@ﬂwdtcmsﬂtmﬁmay Bft srdepedsdreartedst r ess,

and Wheri ? ﬁ&i&i‘é%ﬁsﬁéﬁ?ﬁ él'v&%!lon%g?ﬂtéﬁn g f?&if%*@ﬂ@ﬁ&o&ta‘i?ﬂét Q“' ng and

per manen Tion. I SCOSI
per mts fl ovixoplets theoinstangepimepnt ISQI|o<ﬂsmacvcbrnplrtesé]midlc daplat rhh)ubedstwm}l dne

| ndependent lsé’rte%l% edlI‘G&lng%lnDln(glICF S%?I‘(e)li;]l’tldl tllé/ g% cfrop"fet into a first channel, a second
channel, etc.
In certain aspects of the invention, sensors are provided that can sense and/or
20  determine one or more characteristics of the fluidic droplets, and/or a characteristic of a
portion of the fluidic system containing the fluidic droplet (e.g., the liquid surrounding
the fluidic droplet) in such a manner as to allow the determination of one or more
characteristics of the fluidic droplets. Characteristics determinable with respect to the
droplet and usable in the invention can be identified by those of ordinary skill in the art.
25  Non-limiting examples of such characteristics include fluorescence, spectroscopy (e.g.,
optical, infrared, ultraviolet, etc.), radioactivity, mass, volume, density, temperature,
viscosity, pH, concentration of a substance, such as a biological substance (e.g., a
protein, a nucleic acid, etc.), or the like.
A variety of definitions are now provided which will aid in understanding various
30  aspects of the invention. Pollowing, and interspersed with these definitions, is further

disclosure that will more fully describe the invention.



10(liquids, gases, and the like) by those of ordinary skill in the art, by
considering the relationship between the fluids. The fluids may each be

m sci bl e WO 2010Mmissbbl e. For exanple, two fluids can be #erast@d/t@Ibe
essentially immscible within the tine frame of formation of a stream of
fluids, or within the tine frame of reaction or interaction. \Were the
portions remain liquid for a significant period of tinme, then the fluids
should 15 be essentially inmscible. Wiere, after contact and/or

formati on, the dispersed portions are quickly hardened by pol yneri zation or
the like, the fluids need not be as imd4cible. Those of ordinary skill in
the art can select suitable mscible or inmscible fluids, using contact
angl e neasur enenf\snged, tvhgousiakects obthe @rassnt ouventidvgelr@dh fiogleest dipidt he

i nvention. erej f] t 1S e nd
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suspensi on, an emulsion, etc.), for exanple, a rophilic liquid may be
suspended iHlsé?rtllﬂi’drﬁlﬁﬁ]ﬁlﬁ]ireaﬂl}aéjﬁ?ﬂSuﬁatﬁ?/ﬁlﬁ%%%‘?ﬁsgelnp 1Y W BEpended i n
a hydr ophi | ingids brélentBeadR Suid WA 12 ifRYerd8nHUS RERA 8lohdesentih M. fluglsC -
Typically, a hydrophobic I'iquid and a hydrophilic liquid are essentially

i mi sci Bﬁe Wiguilsr gspretnd thelikea by dwshotgirdiasry SgaHe@ geprebysparidghieltic 1 quid has
a greater abdiidinltp bQw¥aLEE nkinanTiIaRSIsthE AVFEORREBIcGr ihAltBle. E¥aml es of
hydrophilic liquids include, but are not limted to, water and other
aqueous sol grangng te A e3ny splagted Lo bsgedsntiadly dmmisciple wityn digitided fraveedefa, - 35
- salt sol Uld A8on &ilaSirea gf ﬁ%g%, gﬁ?/itfﬁh. tiIHé/H{rﬁepgf'rL%ﬁoﬁ quH{eg«I%ti .Ch as

et hanol . Exanpl es of hydrop I quids 1 nclude, but are not imted to,

oi I s such adVheydthe pertibesrsmaigiliqhiddore agiigcanhpenied af tioe.|then the hadotanldon oi | s,
or gani c ;sol . I i i

o Lo ey ek BLEmBLORE, SRPLAS GhyS bk Syl LRSS 6,

i sol at ed poateiquivkfhaglehed st pdlyrodratatidnatr theslike ot Fleitde hged st ecas mgdendsclje. a second

fluid. It is, to be noted.th a droplet is.not .necessari. eri.cal, but
my assumre SPhee SHARES L fr EpgRe FoulyORGBEGRERAG B FRESLIES! ha
envi r onment condtict aige medatkniErn bor the hike,do ogptyaiut hasechniquéesi afithnisveassr. sect i onal
dimension that is suhstantially equal to e | argest di nension of the
channel 10perpen§f’ by Frel%aﬁfsﬁ¥lalt¥ 1%%%“@% oK atsﬁc n F’Ibtﬁ?gtac:k?eq &% ed.
As ment 2onedhopicn BOd@wn Btsund@t figdt bnt@re6lighealyshe bendsangitye nBfidnehtiek hods
descri bed herein may include one or nore mcrofluidic conmponents, for

13

exanpl e, one“WrPlely duFfiadest i Glefed 1GoRs RofRs drougkpply dhq sridentity gsan fsed her ei n,

refers to aJfeM #6nd ARPBERhHS r@%arcﬁé/s@b?ﬂ'f_kécﬂ@ﬂ bRt @ of 11RASSp) ONEordel Ui d _
channel having a cross-sectional dinmension of |ess 15than 1 nm and a ratio

of length t&mPedigen he figgsnpidghdPr eramplist el Wrpreaded ipaefiazs 1. A

surrounded by the media. In another embodiment, the first entity is a particle. In yet

25  another embodiment, the first entity is a fluid. The second entity may also be a fluid in
some cases (e.g., as in a suspension, an emulsion, etc.), for example, a hydrophilic liquid
may be suspended in a hydrophobic liquid, a hydrophobic liquid may be suspended in a
hydrophilic liquid, a gas bubble may be suspended in a liquid, etc. Typically, a
hydrophobic liquid and a hydrophilic liquid are essentially immiscible with respect to

30  each other, where the hydrophilic liquid has a greater affinity to water than does the
hydrophobic liquid. Examples of hydrophilic liquids include, but are not limited to,

water and other aqueous solutions comprising water, such as cell or biological media,



"mcrofluidic channel,"” as used herein, is a channel neeting these
criteria. The "cross-sectional dinension" of the channel is neasured

per pendi cuibas1wis1t7ee direction of fluid flow wi thin thePrPCharsa@/0400bus, sone
or all of the fluid channels in mcrofluidic enbodinents of the invention
may have maxi num cross-sectional dinensions |ess than 202 mm and in
certain cases, less than 1 mmIn one set of enbodinents, all fluid channels
cont ai ni ng enbodi nents of the invention are mcrofluidic or have a | argest
cross sectional dinmension of no nore than 2 mmor 1 mmln certain

embodi ments, the fluid channels may be ¥orned in part by a single conponent
(e.g. an etched substrate or nolded unit). O course, |arger channels,

t ubes, chanba&llutivas etcu @i wsll asqther hydmplpbe higads weh 25%hapk Hxhwpldsoland/ or
deliver flu ?éroé]ﬁ?)b%a}[ hfelg?ncﬁﬂgpo%?%@tn& lﬂfme%lyﬁ to? uc fals 512 oéa?lyo% tshﬁgn In one
set of enbodinents, {he maxi num cross- sect I ona ston o e channel (s)
cont ai ni ng eithodnardnils, fbordchdon pise ptghion solgentsess (Dtlhalmﬁmplem)ﬁsuaatse | ess t han
200 mcrons Ie getbearp %og Smgscrrbs | ess than 50 microns, or |less than 25
microns. A TEKARREG PN REVIGELHIRE S means a feature on or in an article
(substrate) that Sﬂhlaﬁ@laealsdplqnam usat Ihyre'ﬁhi, 'rsaﬁﬁ@latddqwm)fn ofiafirwifldid tHrés channel

Cauare or ' EeraRg AroungRt By SePRE e ne® Bute B ¥ ihEover cain

enbodi ment s nudeevaglyi sphdrieal; BiPhBtagduyneCdive Kieges AtwdleRS txaite, defchiiag onf the -
36 - channel, can h?ve a cross-section that is nFIeteI encl osed, or the
B

entire chanH¥eXEp GRIRBHEI e 9y caleigeay thy S BEPY8 Cf%%gth with the

exception ofedibgal dithe@tios Inatid dhiRlanQAlly QULAIS) the AarEiaNnRhsifRY (Bd §AnkAvVe an
aspect ratio (length to average cross sectional dinension) of at |east 2:1,

nor e t ypP caPepensiculas gxtluid flow igwhich {iy droplatgs Ipcatedy: 1 or nore. An Sopen

channel general | Xs WehfiontMGh YR, BiAaHRENR &hbSHith&s, Hﬁ%%rst&ﬁ@édd‘rﬁé!ﬁ&lscom rol over
fluid transport, e.g., structural characteristics {an el ongated

i ndent at i on)iesﬁﬁbﬁddmplh?@/ gludg pnecoyandre Biicrefndia eerapansats.der gapalcopssBi ci ty
vs. hydr Oph'rrlo#é:ﬁﬁo\{%ﬂuq)({lc Eﬁaﬂ%{ls 0%‘&%‘%@? d-8} 'u‘ééﬁ e!i‘e% %8&& e nrgﬁfa‘aﬁ (e.g.,

a containing force) on a uid In t anne y partially
or conpl et eIOyS}’ﬁietnl in¢lpéng idenyedne flupd @@n@l b%@a thérSéct@malabteﬁnSmawﬁ&ﬁeii |s

used, t ahl’lln?rn% aqgtlohc?fll(gl E)héirgesE &Gss%@t%%ﬁl dlm]él%lone@f %FB%?B 1Yo
surface ensi on , a conc or “convex meni sc nnel may
be of any si‘meroffuidic ebeampil”as uswd\hlengl &4 @lﬂlg@kmefdlng‘elms‘t ontere riﬂen‘duoesul ar t o]

fluid flow of |le an , a

| oas s Sestipl Bty SR oo el be gt R el R RAES T o0 e
100 m cr ons flowhkathiess chidnasl. abﬁﬂJEOIﬁ@OIfﬂllﬁifmﬁluﬂ ﬁmﬁndlsfnamlaxbﬂuitdlcSO m crons,

| ess t han abo t .40 m%‘ﬁ}? | ess than ahout 30 m ro ess about 25

mcrons, |e§¥ ‘P‘H‘é‘ﬁntéB INYEIGRD Oy e Ve PRYRIU LRSS %C(SlﬁPa éhrﬂ‘?“é‘ro% WA s than

about 1201 cR@mn, dn@SScdriamnaadauds u&fﬂq A [h 31&Sset(|5faiﬂlba@1ﬁ1¢htsmmdim | ess than
about 30 nm_ or |ess than about 10 nm In sone cases.the di nensions of the
channel may chranelp gaitginiag enbediments plfheinyventiop g migrofidig ‘gfhfi}’%waf%??tough t he

article or cross sectional dimension of no more than 2 mm or 1 mm. In certain embodiments, the
fluid channels may be formed in part by a single component (e.g. an etched substrate or
molded unit). Of course, larger channels, tubes, chambers, reservoirs, etc. can be used to
25  store fluids and/or deliver fluids to various components or systems of the invention. In
one set of embodiments, the maximum cross-sectional dimension of the channel(s)
containing embodiments of the invention is less than 500 microns, less than 200 microns,
less than 100 microns, less than 50 microns, or less than 25 microns.
A “channel,” as used herein, means a feature on or in an article (substrate) that at
30  least partially directs flow of a fluid. The channel can have any cross-sectional shape
(circular, oval, triangular, irregular, square or rectangular, or the like) and can be covered

or uncovered. In embodiments where it is completely covered, at least one portion of the



20 substrate. The dinensions of the channel may al so be chosen, for

exanple, to allow a certain volunetric or linear flowate of fluid in the
channel . WD 20uss®s t he nunber of channel s and t he shap@Cofustoie/ogwacinel s
can be varied by any nethod known to those of ordinary skill in the art. In
some cases, nore than one channel or capillary may be used. For exanple,
two or nore channels may be used, where they are positioned inside each
250t her, positioned adjacent to each other, positioned to intersect with
each other, etc. In one set of enbodinents, the fluidic droplets may
contain cells or other entities, such é§3prote|ns vi ruses, macronol ecul es,
particles, etc. As used herein, a "cell"” is given its ordinary meani ng as
used in bi oFlgyel cThbavsel drosrrasetive thahyy completebrenglebdd, pnthecntiFoehagydnpbe, the
cell may be i I 1, or an
Soani mal oot cHRLEL HILRN BHORE AL IR0 EEBAT (ol RS

certai n aspeutas(spfA tlhwnq:lmwaaraﬂsochraye Qanpdverais éldngtb tdf ayemgamypssokctional
above-described ¢ of t e he
Movention. | s BI0EE S nhol I SHE R UL a2 P Fhebben ves 1o
vari ous ﬁethpﬁ&hmﬁ&tgﬁm&ﬂph@lumbﬂedm&w&ﬂﬂﬁﬂMﬁmﬁ$ﬂmmetmmmlmmeﬂmﬂon can be
formed fromsolid materraga? nnesc C@efor dvra

mi cr omachi ni"AY PR 96 H8HY ?I?aﬁaﬁteﬁ‘?tbcég%ggng&ﬁgﬁldﬁgtag APLIRYHET Shd cheni cal
vapor deposickdntital ch;amernsﬁésa(bydrs@iob@ny v hodrophitikigy baghérehireabiitigu@s, et chi ng

met hods i ncl udin hem cal Iasna C and he I| e. See, for
exanpl e, Sc F@h‘%’ﬁeg gﬁfﬂhg?r% c?a%‘?nta?ﬁ@ &ife)o‘%“ a ﬁ‘@gsﬁ%ﬁﬁé fith a)me MYone
enbodi ment, padialleasbmPleRPY fill &2 cBinnkDan kbrikd lis€s WiSd BB chAndEduel, & | i con
by etching Features in asilicon chip. In_sonme cases, one or nore

m cr of | dPdi @U@H&fﬁ/ﬁ&@IWI%@G&@W%WFW@I‘%GW& SYFRCe IenEPn (i4nd CPRFa¥Hme
cases, vari gusnmib:chefiltdi ¢ 10channel s may be defined in separate solid or
planar materials that are physically contacted together. For instance, a
first planar mat8hdciannehinay Buelking seefipr sempleyhaying adrmandimensing a second

pl anar mat eﬁ)i:@!encf%}'ar?@ th%fEeS&@lQﬂ'aﬁduPS g‘fﬂ??%ﬂlngll less‘@%a%ba%oﬁthemﬂa% erials

are physically contact ed t oget an orifice define et ween e first
and second pdsathan abrat 800 raicspns,tms thahaboyt 20§ ohiczens. fessahanf abown HOA enisresond

channel l5 nt ?esg {hﬁ %ﬂou?&O 1’11?0%]1% glthan abgu[t’SOtntﬁE){%HQ Ij'es?‘ﬁ]faf? léllgou't &6 rmclilgﬂs t he

syst ens and nme drscusse above echnol ogi es precl se ah “ef fi ci ent
fabri cati on ttmh aban BOuscrbhsulesh tharsgls)uemsmarmhs dess itle sbaft 10 Ivecromsy Bt tham f r om
silicon are her odi nent vari ou g o on nt s of @@e systens

Shd ou; o a0 ierbi, RO AT PRATE My iR oS o3 g by

el ast oner i ¢ npoleyniasin shoatB3asn,po legdihakatuyt 50 hrox Brenie' E’s@h/ﬁle)d,lmenswns of

b orent cUsOmnL o g eduhSap R Fdy ofy i SFee by oxanpl e,

a base port kghtratBCIbedim@nsorR@F the khavakl mandsoSiedBowal fosexaanldhe diakri cat ed
from an opaque. naterral such as silicon or PDV5, and a top portion can be
fabricated PR ¥WIYPeiHs prlineat Tospratgof fluiddp theghanngh (QF coprsn dhsAmaer Hat er i al |

such as gl asgan@éls and theAHPALERt ciRAhMT®IM.befVafied by any method known to those of
ordinary skill in the art. In some cases, more than one channel or capillary may be used.
For example, two or more channels may be used, where they are positioned inside each
25  other, positioned adjacent to each other, positioned to intersect with each other, etc.

In one set of embodiments, the fluidic droplets may contain cells or other entities,
such as proteins, viruses, macromolecules, particles, etc. As used herein, a “cell” is
given its ordinary meaning as used in biology. The cell may be any cell or cell type. For
example, the cell may be a bacterium or other single-cell organism, a plant cell, or an

30  animal cell.
A variety of materials and methods, according to certain aspects of the invention,

can be used to form any of the above-described components of the systems and devices



250bservation and/or control of the fluidic process. Conponents can be
coated so as to expose a desired chem cal functionality to fluids that

cont act iwbDepicars1hannel walls, where the base supporti RgTASR@E0OH0060oes not
have a precise, desired functionality. For exanple, conponents can be
fabricated as illustrated, with interior channel walls coated wth anot her
material. Material used to fabricate various conponents of the systens and
30devi ces of the invention, e.g., materials used to coat interior walls of
fluid channels, may desi rabl y be selected fromanong those materials that
wi Il not adversely affect or be - 38 =37affected by fluid flow ng through
the fluidic system e.g., material(s) that is chemcally inert in the
presence of of thginysntan. B samedsesi thihivaricul eatieigls gdected lend themephees énbodi ment ,
vari ous co - t - A nd/ or
e bi e andfar sru@it LML Al B0 R oL AR PRI HATAR S YD Sof0 %6 o
a har denabl eolfd matekiald, acwhich mewhsgmé]aban lzeafornonl wa mlqnmrhasbhmglg( Blng. replica

nmol di ng, injecti.on nmoldin cast nol et.c: )V P nable fluid can
be essenti al'T} &Ry PRILRE Pt SB%‘r?O%““guan Gy A SHRb R “’“ T hat

spont aneodusIfabrisalondpHot@ishogtaphio t@hmqhesdetda@mbtho@fmcclﬁxﬁh@wen chgmeaiciror

transporting, fluids cont | ated, for use in,and . wth the fl ui etvvork
|1 e enbodlHBAPECHRS. Hil b S AT e LA by S Tl o or
l'iquid pol yeiideq, &Qpr (Blﬁbﬂesdhfbo(lime@t, aéledsph pPObly BBHE Ilmdﬁwb/itabhﬁoﬁﬁécydferl c

| i qui ds can | ncl ude, exa t her | asti c pol yners, set

pol yners, ofll lﬁ‘?rk'?yuert@“?ﬁ‘fre%tﬂf?ﬁ ?l@??é‘rc lpﬁ‘gf"élﬂf ABESVEtOR B %F‘ﬁ“ﬁg poi nt .

anot her exauRlnels ha$ Ve H@le@ PO MBI dkGial, hftindo B Yask ) GhislR ndcidRhidici on of one
or nore Eol ynmers in a suitable solvent, which solution forns a solid

pol yrrer ilB méhannglamay B delinstissparaie splkorgyangimpterislpthaata Aissalyy

evapor at i onconphtGdy té%h@&kyp@rﬁhs@arﬁ@ta%ﬁk@la%ar WRAEEA n3RoREiInSAlridiidied from for
exanple, a nelt sta sol vent evaporation, are well known to those of

ordi nary skichdnnglpandrpesceqnd p mava%tﬁreqlwaam%nywé flyliceahpanes wheigrie of whi ch
are el ast Omjpjd 1a1s%£e§%1§§h§n§%ﬁm \Mgd‘ gélfl& ol §1‘P%0t e ?he% ﬁefweef, eMrfignfo! ds or

nol d mast ers, nts one or the no masters is
conposed of senéplasr omerials snelt batiflid can fogrfrdn thetseqogd Chagnelafito ghedirpyl es  of

such pol,ymer ﬁanﬁQﬁ' g {rﬁgo%ghB %ﬁ%&?ﬁg‘;@ Es%te?&’s@ﬁ& ﬁmth%h@&?o%&eﬁfabcﬁje.' I cone

pol yners, epoxy e polyners yners are
characteriz §dclinyloghe fppessaesl ezfﬁcianttfdrhm:etm‘lmﬁyemm fkuyhxl systems st dayroesip

ggmrley Eile];f i elgly{lt&)o B LFom SlllCC? OXGI}/ lg%gv glil al}fﬂéeéﬁ gxcllme t VaI‘IOﬁSX (I:oérg‘)%ﬁenés n(%t o
conmpounds basagstans ardalesicescof alid inentibi tatieiermednda pylgheaforpkatple, ahackbones.
Anot her elastomeric polymer such as polydimethylsiloxane (“PDMS”), polytetrafluoroethylene
20  (“PTFE” or Teﬂon®), or the like.
Different components can be fabricated of different materials. For example, a
base portion including a bottom wall and side walls can be fabricated from an opaque
material such as silicon or PDMS, and a top portion can be fabricated from a transparent
or at least partially transparent material, such as glass or a transparent polymer, for
25  observation and/or control of the fluidic process. Components can be coated so as to
expose a desired chemical functionality to fluids that contact interior channel walls,
where the base supporting material does not have a precise, desired functionality. For
example, components can be fabricated as illustrated, with interior channel walls coated
with another material. Material used to fabricate various components of the systems and

30  devices of the invention, e.g., materials used to coat interior walls of fluid channels, may

desirably be selected from among those materials that will not adversely affect or be



25exanpl e i ncludes the well-known Novol ac polynmers. Non-limting exanpl es

of silicone elastoners suitable for use according to the invention include

t hose forweaofwismi7pr ecur sors i ncludi ng the chl orosi | ane®CINSR0185H40006

met hyl chl or osi | anes, ethyl chl orosil anes, phenyl chlorosilanes, etc. Silicone

polyners are preferred in one set of enbodinents, for exanple, the 30

silicone el astoner polydi nethylsiloxane. Non-limting exanpl es of PDVS

pol ymers include those sold under the trademark Syl gard by Dow Chemni cal

Co., Mdland, M, and particularly Sylgard 182, Sylgard 184, and Syl gard

186. Silicone polyners including - 39 38-PDVS have several beneficial

properties sinplifying fabrication of the mcrofluidic structures of the

I nvention. Rdectédintiang Bowina thovehttey fleillis spstan.icrepaersiletharisegimiqpllavai | abl e,

and can be Soliilifi Aol k 3MAlPLARANTHLE dhiggutd via curing with heat. For

exanpl e, s are typically curable by exposure of the prepolyneric |liquid

to 5tenperatureshnﬁwabmumnwﬁmVmﬁmanmemmabGMheﬁ&mﬁmn@mdwuummdﬁnm for
exposure ti I ut an_hour silica /Ters,

sueh s ovevaste pidls BB IRaf o SRR s ol B ur SNEERNB BRI ery

smal | f eét ubeshastlé¢nable €lual fawtﬂiltayingifajalmCasnpeMmmamngsg. rqﬂmeﬁ&aruyg imectienit ai n

enbodi nents of .t he I nve t|on e ast o, | ds or masters
can_ be advafokin et MR 8% bh B endah Bk son it S3eRaR FEIHREAEE uct ur es
such as m coefdduiditc s@idﬁycdrumespdnfan&dh@ylsamﬁﬂ&sl o 4 sodidncapabiecPEntPBiny MET S,
such as PDMS, is the ability of s ners t. e _oxidi zed, for exanple
by exposureaFBmé nﬂ%?ﬁ@ﬁhﬁ ﬁ?gﬁwpﬁﬁgﬁg gﬁg %Wéﬁﬁﬁmﬁﬂé§ﬁ§neso t hat
the oxi di zedmbbdibhEhiihe Hard@AbRIfMhid @mprl& arpo%uﬁd‘r@qlqmdq)h@mq@lalpogﬁ@ﬂ@s capabl e
of cross-linking to other oxidized silicone F mer surfaces or to the

oxi di zedVsuPreaeay (b¢- a1 BEPUNMPEY yWRbISPREMCHS lIPHBT 28 inglenfOhe38IPrer i ¢
materials. FRUSepl&AEBO Pﬁeﬁssthms&%ofyﬂkfsl %&qn@muemfd}yﬁe&g ﬁ&g&phbav@

essenti al | vy I rreversib Yy sealed to ot her silicone pO surf aces, oOr to
t he sur f aceshegfmaingaroiniy Hs prohes sxdneRle taj syisablyg RAYRE 1t§1iélddp%’ela<>1§<i1q 4 cone

pol ymer sur {&6&sh of Whi BHHBrethgrnB?s‘%Q afs&EabEE‘sBﬁ%@tt @h@ﬁi ét'io‘ﬁ%m%ra Rliffer sealing

means. I n nost cases, sealing can be conpleted sinply by contacting an
oxi di zed si Pplyowec Batcfidopor pnasltdidie s foacenyile, hparapphgomesht o apply

auxi | i any pt 812&%{1@ mtd(%{lglg rv!;ﬂlﬁﬂc%n B @‘(Llidlf}-eraq“}orﬁ Yor. e%&l\;llﬁPIQr Pgﬂﬁg Iotz so?xieu cone

surface act$s as a contact adhesive agail nst ’'sui |ng surfaces.
Speci fi cal l yyappmtlalﬂdrawd]rﬂqtownbetmge cpfrqr@mary slnbluyths en! ablagety of polgméiic
oxi di zed sili such as. oxi i di,z ever5|bly to

PDVE ¢
o Tange of  BTNOent e o e ERE R e FR REpRERHESe kPt

gl ass, SI|I@mmkcﬁnbkﬁﬁmmﬁxWQEmﬁmd@mmﬁawﬁnhHBQﬂbmhbfmﬁeuﬂdnmﬁmsm
composed of an elastomeric material. A non-limiting list of examples of such polymers
20  includes polymers of the general classes of silicone polymers, epoxy polymers, and
acrylate polymers. Epoxy polymers are characterized by the presence of a three-
membered cyclic ether group commonly referred to as an epoxy group, 1,2-epoxide, or
oxirane. Ior example, diglycidyl ethers of bisphenol A can be used, in addition to
compounds based on aromatic amine, triazine, and cycloaliphatic backbones. Another
25  example includes the well-known Novolac polymers. Non-limiting examples of silicone
elastomers suitable for use according to the invention include those formed from
precursors including the chlorosilanes such as methylchlorosilanes, ethylchlorosilanes,
phenylchlorosilanes, etc.
Silicone polymers are preferred in one set of embodiments, for example, the
30  silicone elastomer polydimethylsiloxane. Non-limiting examples of PDMS polymers
include those sold under the trademark Sylgard by Dow Chemical Co., Midland, MI, and
particularly Sylgard 182, Sylgard 184, and Sylgard 186. Silicone polymers including



25pol yet hyl ene, pol ystyrene, glassy carbon, and epoxy pol yners, which have
been oxidized in a simlar fashion to the PDM5 surface (for exanple, via
exposur e WO 2a1/15x¥/gen- cont ai ni ng pl asma). Oxi dati on andPSgalseeig/omphods
useful in the context of the present invention, as well as overall nolding
techni ques, are described in the art, for exanple, in an article entitled
"Rapid Prototyping of Mcrofluidic Systens and 30Pol ydi net hyl si | oxane, "
Anal . Chem, 70:474-480, 1998 (Duffy et al.), incorporated herein by
reference. - 40 - Another advantage to formng mcrofluidic structures of
the invention (or interior, fluid-conta®ing surfaces) from oxidized
silicone polyners is that these surfaces can be nmuch nore hydrophilic than
t he surfaced&DHS happisevaral béngEeiakpappartiqs slnymhbyisg (ahheatien af thy diephiiflicc i nteri or
surface is ' : - i) - s be 5nore
easily fiIIg%ig%%gag?ggggﬂﬁ¥ﬁﬁgg%%%ﬁéS§%ﬁﬁ%§%%§H%E%%&%%gég%%ﬁgtures

conpri sed ofvdilplecald canmosolidifize Groml agstiyendric ligoidywerusing withthber Foydr ophobi ¢
materi al s. forned of a materia

I enbaodi mrent bot t om | is
aitrer ont 1 PoMhEORRS ETRBEHTE a9 o kol BB oo meoment s
For exanpl e enifeetured @rabout, forefaape:, afouachut toabvwab|°Cdarexpanpy tirse dfHfer sur f ace

of a silicon wafer, or mcrocghip,.or other 10subs e. her conponents
can: as desErL hfebhoise Abebiiihe BNEER- et 8r Hafipvn D BHP R R ner e i
is ngi red t}mts) aRalbe asdﬁ:illrmdﬂ) ?ﬁgg ]??prpmm foagira vfiih: I’éﬁ@‘{;]&y mgltl) Ydpect ritidsg. lF;DI\/IS) to
a substrate (bottom wal of different materjal, the substrate nmy be

sel ect ed fr BFCERE 1§D oRboipens ﬂ@3PﬁmﬁﬁPcﬁbﬁ&kd?ﬁe@agwpﬁggHgﬁngyner i's
able to irreueesichh Ve SRahtadeBudinthigtedg®, silicon, silicon oxide, quartz,
silicon nitride, polyethylene, polystyrene, 15epoxy polyners, and gl assy
carbon d0rfaces QRS &yapagreobemrnpsivas dych asnigp udicsapgrurey iy seal i ng

techni ques ¢RBnRR tHRelicds &?Hkg,Qﬁh@@ﬂ@M@D&t&ﬂﬁhﬂ9§ﬁu@ﬁp&&ﬁ&@%§&;Ski|| in
the art, |nclud|ng, but not lTimted to, the use of separate adhesives,
o1

t her mal bon@kidiged.Soy axample by SEPasELe QT PXyEThi Antagpg plagma sl as an air

plasma, so that the oxidized structures contain, at their surface, chemical groups capable
of cross-linking to other oxidized silicone polymer surfaces or to the oxidized surfaces of

15  avariety of other polymeric and non-polymeric materials. Thus, components can be
fabricated and then oxidized and essentially irreversibly sealed to other silicone polymer
surfaces, or to the surfaces of other substrates reactive with the oxidized silicone polymer
surfaces, without the need for separate adhesives or other sealing means. In most cases,
sealing can be completed simply by contacting an oxidized silicone surface to another

20  surface without the need to apply auxiliary pressure to form the seal. That is, the pre-
oxidized silicone surface acts as a contact adhesive against suitable mating surfaces.
Specifically, in addition to being irreversibly sealable to itself, oxidized silicone such as
oxidized PDMS can also be sealed irreversibly to a range of oxidized materials other
than itself including, for example, glass, silicon, silicon oxide, quartz, silicon nitride,

25  polyethylene, polystyrene, glassy carbon, and epoxy polymers, which have been
oxidized in a similar fashion to the PDMS surface (for example, via exposure to an
oxygen-containing plasma). Oxidation and sealing methods useful in the context of the
present invention, as well as overall molding techniques, are described in the art, for
example, in an article entitled “Rapid Prototyping of Microfluidic Systems and

30  Polydimethylsiloxane,” Anal. Chem., 70:474-480, 1998 (Duffy ef al.), incorporated

herein by reference.



Conbi nati ons of these and/or other systenms and net hods of controlling and
20mani pul ating of fluids are al so envisioned, for exanple, systens and
nmet hods asodnsxilsowed in U S. Patent Application Serial ROT/UB20188@084615,
filed February 23, 2006, by Link, et. al.; US. Patent No. 5,512, 131,

i ssued April 30, 1996 to Kunmar, et al.; International Patent Publication WO
96/ 29629, published June 26, 1996 by Witesides, et al.;U S. Patent No.
6, 355,198, issued March 12, 2002 to Kim et al.; International 25Patent

Application Serial No.: PCT/US01/16973, filed May 25, 2001 by Anderson, et
al ., published as WO 01/89787 on Novent#- 29, 2001; International Patent
Application Serial No. PCT/U503/20542, filed June 30, 2003 by Stone, et
al ., published adnwWmr20outa026R21mmina njemileidi sguct@eodf th¢ myentivat¢ronal Pat ent

Appl i cation. at;\p . 3 qfdid [ i.nk, et
o O, phTa N Pone e LA i G ks R BleSher
2005, by Li nkn beatuchl more ApdtohilB: thidathe sdrfadppdfitgadal elastSaenpolvacrs 6de@I8, 674,
filed Septe r .19,. 2008 by Witz et al. ach. of which.is incorporated
nerei n by + SraretnenoRy Rl b, Py v GRSl i SPRBLRECS' U5
illustrafe aeirdaisily Bidicadd mentdwdl agueeuspoRs emt thanvae Rtricoures duipridal ofot

exenplify the.full sco of the invention. E 1 This exanple

Gomonst 1 at eotiGeh T RE e PTG BT Ee T EBeh of - & Exanpl es
1, 2, and 3, singl®@elapedimVBbétiont @ill Bifcineddey haesalsdite@Irdnh@gershown in
FI Gs. 4A and 4B .were fabricated. {an t hese ex%n;gl es, ter-in-oil egul si on
dropl ets wi CHTGEIQYHEON ¢ P OT YRS SHRPLIDE FPRERPIsaLE MW $¥11acF 8k wher e

an el ectri cafhbdfl wiBSarP@Rried the QuiRAY $La LNk RGHAr&br ficractiy, @rembenol  dyed
fluid into the droBI ets. The droplets passed through a serpentine channel

(e.g., a8 shgwpatrnLhergomppacnerngss)defiibedalone beoeadibirspieismadyfe mi xed with
the fluid iogisdRed NEnAE AR &lsted HREa1AORbETA doRBRshE QWBdoRadlynfr (Bser

beam PMI' (photonul tiplier tube) setup and m croscope canera, both ‘of which
capt ured t h&DMHhe a pypsExe (rojtomryglly ef differcatraai¢red.dhe bsieate mpebasslegisd of each

O opL o o P LELPGH i QUSTERR LAY . Al arount o
i ntensity ofed free. diloplséiconfsilzon prifleguintmsilid® mveds.pobedntese. pobstytene,
233y SO o PR SR ) Uy SRUBER OGHIRNE
An exanpl e ofhesseelnganchaiques ¢cambaisadsasshamvhbd apphik to Grosd of drinaykkium e, t he
ruroer 5 R O LT 410 A TR R
solvent bonding, ultrasonic welding, etc.
Combinations of these and/or other systems and methods of controlling and
20  manipulating of fluids are also envisioned, for example, systems and methods as
disclosed in U.S. Patent Application Serial No. 11/360,845, filed February 23, 2006, by
Link, et. al.; U.S. Patent No. 5,512,131, issued April 30, 1996 to Kumar, e al.;
International Patent Publication WO 96/29629, published June 26, 1996 by Whitesides,
et al.; U.S. Patent No. 6,355,198, issued March 12, 2002 to Kim, et al.; International
25  Patent Application Serial No.: PCT/US01/16973, filed May 25, 2001 by Anderson, et
al., published as WO 01/89787 on November 29, 2001; International Patent Application
Serial No. PCT/US03/20542, filed June 30, 2003 by Stone, ef al., published as WO
2004/002627 on January 8, 2004; International Patent Application Serial No.
PCT/US2004/010903, filed April 9, 2004 by Link, ef al.; U.S. Patent Application Serial
30  No. 11/246,911, filed October 7, 2005, by Link, et al.; and U.S. Patent Application Serial
No. 61/098,674, filed September 19, 2008 by Weitz et al., each of which is incorporated

herein by reference.



Thi s exanpl e denonstrates control of fluid injection by varying the

conti nuous phase (i.e., the "outer phase") flowrate. A systemsimlar to

t hat di scwiezety/ist77Exanpl e 1 was used for this exanpl e. Ph@/useeie4@hase fl ow
rate was set by a volune-driven syringe punp and was varied whil e keeping
the other operating conditions (i.e., applied voltage) 25constant. As shown
in FIG 7A, as the outer phase flow rate increased, the residence tinme of
dropl ets decreased, resulting in a decrease in the volunme of fluid
injected. Thus, by controlling the outer phase flow rate, the anount of
fluid injected into the droplets coul ¢ de readily controlled. EXAVPLE 3
30Thi s exanpl e denonstrates control of fluid injection by varying the

i nj ection pressuiles folowg erammésrrd mtentlesl o Watstralp setrgseanbddmdarfphee 1 was
used for th ' abi e second channel

cont ai ni ng gﬁﬁronnpﬁeno%ﬂgyébﬁggm£g§£%gyhggggggm%Hkgn%gkssure tight basin
fed by regulator-controlled pressurEXANHHUEl As the injection pressure

i ncreased, the inhj.ection Yol ume i ase F (pressure in
i 5 ot bs). - Acoy R BT AR on AR RARLRebB’ Irbeelr " (e

anount of f [Byadplen],@cireid, singlo- liﬂeePﬂmphletwluﬁﬁnﬂedlcbeswba:duhbge showt fol | ed.
ressure in a

5EXAMPLE 4 hi |IIu trates the deternl ation

Pt i 6 chattr Al Fy Rkt T bR -R3mparar -Eabrh eryion fieokhor ner
enbodi nent @vﬁthtr&l@tl\iem/leﬂtpo@mspersuy fldwdd padiZhd drifies twhatees eleb@ic @l vaze s ens ors
used in this | e to. measure channel pressure | ocal h hig

t emporal reédl ’ﬁ fbgfusq ipieglfqn of pppomqphpnrgl d @%‘éﬁ%@}nt%%g {?%lsl?g‘ éf?ﬁi? channel
860 neet at hﬁ&ﬁmﬁﬁ@ﬁhaﬁﬂ &hlifle cHAAHBVEE., asihbWh int [AGk Ak RIeSH) Where8KD, first
channel 850 and second annel 860 run substantially parallel to each

ot her. 3SBcoRPmaphsnobiycanized with gejfhitiasidge droplett elihs deaplesnthgrBowed nast

channel 850a@%&ﬁﬁhﬁﬁmﬁrhﬂb&%nmﬂﬂéﬁﬁb&kahﬁa%hhcﬁm&%ﬁ%&ﬂmﬁhﬁﬂﬂ&hﬂﬁ@p contains
a second, inner fluid (in these figures s appear as different

col ors, andcemiged dedightinigpsy insiglydhe daplets: S@ﬁ@tha gelymeef cash dppies grigfto
15clarity Oﬂhé/c)uo E&odh Hhcfi%]sgerftlgﬁ)e{hg Aife, \Qﬁ;ﬁﬂt &ffﬁﬁ%ﬁﬁo@pw g%ed' fRupal anced at

the orifice justlng the pressures o e two controlling
t he pressur emeqmdtol@uld be Wetefmingd frem thesbengadn mivasitiedishe @Qplﬁtgaftshqut@m FI G

12B, t h ' n?\feaguggrgenl?seﬁr%ﬁ il ﬁﬁ/ﬁa&%é}é ? ngfarémx 1r9 eQQ%EJrQCi I%ftﬂe Eﬁ?fﬁggp t a

shape w curvature suc ressu ross the interface
i s equal t 0 ebsue gngsteniye Aghpfokanagely il AD0 dms]edeweamdmmlﬁdsﬁ)d@ch {lna péi@. ARC, by
,[Zgrererazglr |u29 ¢ ql?pléj O3 su(a:lp gneexggmglgn is s%%v%rrl f1na19[% Eein thstﬁt]glelre Ehg‘rrllgm f]:cr S'{de orifice,
distribution indicates that fluid was injected into the droplets with a relatively narrow
distribution.
20 EXAMPLE 2
This example demonstrates control of fluid injection by varying the continuous
phase (i.e., the “outer phase”) flow rate. A system similar to that discussed in Example 1
was used for this example. The outer phase flow rate was set by a volume-driven syringe
pump and was varied while keeping the other operating conditions (i.e., applied voltage)
25  constant. As shown in FIG. 7A, as the outer phase flow rate increased, the residence
time of droplets decreased, resulting in a decrease in the volume of fluid injected. Thus,
by controlling the outer phase flow rate, the amount of fluid injected into the droplets
could be readily controlled.
EXAMPLE 3
30 This example demonstrates control of fluid injection by varying the injection

pressure. A system similar to that discussed in Example 1 was used for this example.

The fluid tubing leading into the second channel containing a bromophenol dye was



curvature of the bul ge can be cal cul ated. Using Laplace's Law, this can
then be used to calculate the pressure in a channel, e.g., using an opti cal
measur eneWwoO 20fo/tshE6l ocati on of the interface. The fol | oRCRGSREL0AH0006

expl anation of how the | ocation of the interface can be used 25to cal cul ate
the pressure in a channel. However, it should be understood that this

di scussion is not neant to be limting. Wien the interface between the two
fluids is balanced in the orifice, the pressure differential between the

i nner (second) and outer (first) fluids is equal to the Lapl ace pressure
junp across the interface, 30Pout - Pitf2=r -43 - snmall, the interface is
positioned relatively lowin the orifice, adopting a shape of high

curvat ure, Wwheediag prdssyre tighy bhsan tpd byir¢gulasorrosirelled merdsuriebdaii. vad aehi gh i n t he
orifice, ad%ﬁédtl!ag %ssfukeaﬁlérggse&% jeWi&nmoh%lhcrgwé&%g Hﬂo%]n 111fFF1(t}h7% pressure
fluctuates i tlﬁB, the 1nterface may nove to maintaln nechani cal

equi | i bri um(resseadhuninst ant Actdrdiaglyt tyeconabllieg o imj¢dtion pemsune tHetreeant o
indirectly calcylate PO(t t .each .tinme i nt obtain r(t), h(t) can be
det er ni ned, Oﬁﬁ‘élrgénjﬁc??d)ml sfﬂe[%gplﬁtisg %Erll(b:%re(%@?ytcﬁ)gtr?lg)é\%est part of the interface
fromthesplane of the orifice, as shRAMMPILE #1 G 12. For exanple, for a
circular orifice,, r(t) =1/2 h(t). + d2 h(t). 10 Since.Pout(t) = | r(t) +
b this al | ove. THS HLSHFubyr sl PEREOR & e Pt BBy Tptal |y
tracki ng thendWwith Hilgh@cmﬁt())kwrésﬂlﬁlﬁdiﬂ,@gﬁlé)tﬁéhiéﬂlﬁocﬁrlﬁ?&ftbﬁiheﬁfﬁgﬁxﬁinﬁent S 01;] t he f
present invention haye been described and 15illustrate erein, those o
ordi nary skill iﬁl({?ﬁéﬂg‘rs?atﬁt ¢ LaRlaggispRr O A5 YHs %Z‘Wiq BPragre JPA neans

and/ or st r ugkddeSlobAly aRE Wi hiEhnEmpdIE réddnkivh OnSFIaN &7 Orfir@RhAinBl 450 ahdie resul ts
and/ or one or nore ofy t he advant ages descri bed herein, and each of such

vari ati dfs aandshappdidel) pagtiabiicricstioe® e oV VB P thPKTCHIONSYBPESLf t he

present i nvepinh@so M &cSRNGLAC ¥60 bR S8R wafdlyl pafhkNo tLAG ottt Ydchha readily
appreciate that all parameters, dinensions, materials, 20 and

confi gur at | 6heaneleads JtpEHCHED I Mtasestione®ift Hirgt dhannek&Ypsontaips aNEPLL W t he

actual par amgi@fie sgéo[rliﬁ 0%4nB0%60 %@ﬁtﬁﬁ% é‘&e%oncﬁ‘ﬁ%xoﬁui&&mﬂéﬂé’? L o8 ﬂ\}(]i’id's' depend

upon the specific application or applications for e teachi ngs of
t he present appeeestdildaent splarseangsbelternThasrer sdod| “pedr”iare ushélfaapurpaies bf r ecogni ze,

0 e BGPTSR R BOP U AP on. many
adjusting the pressures of the two fluids. By controlling the pressures within the first and
second channels, as is shown in FIG. 12B, the interface between the two fluids may be
controlled to adopt a shape with fixed curvature such that the pressure jump across the
interface is equal to the pressure differential inside and outside. In FIG. 12C, by

20  measuring the distance of the interface below the plane of the orifice, the radius of
curvature of the bulge can be calculated. Using Laplace’s Law, this can then be used to
calculate the pressure in a channel, e.g., using an optical measurement of the location of
the interface.

The following is an explanation of how the location of the interface can be used

25  to calculate the pressure in a channel. However, it should be understood that this
discussion is not meant to be limiting. When the interface between the two fluids is

balanced in the orifice, the pressure differential between the inner (second) and outer

(first) fluids is equal to the Laplace pressure jump across the interface,
30 Pout'Pin=]//r.

For fixed P;,, the radius of curvature of the interface r depends on P, If P,y is



25descri bed herein. It is, therefore, to be understood that the foregoing
enbodi nents are presented by way of exanple only and that, within the scope
of the apmpendwdsti7ai ns and equi val ents thereto, the i nv@oTiusrommyoobe
practiced otherw se than as specifically described and cl ai nred. The present
invention is directed to each individual feature, system article,

material, kit, and/or nethod described herein. In addition, any 30

conbi nati on of two or nore such features, systens, articles, materials,
kits, and/or nethods, if such features, systens, articles, materials, kits,
and/ or methods are not nutually inconsi®%tent, is included within the scope
of the present invention. - 44 - Al definitions, as defined and used
her ei n, shousingll e nigtfecess pesdianed tedatvelyllovoinethe efiifedei asloaning dbppneithigns,
def|n|t|ons C - -

meani ngs ofc%ﬁgg %lnedﬁfﬁRﬁ%ﬁ@qa@k&Qﬂ#%%kgﬁﬁgg?& fgagg%?% %ga#%g and "an,"
as used heréhmnmmqthemﬂge@uhn@aM1dﬁmamdmhmeﬂhewﬁﬁhmnms1humhm&e3mhﬁarly

I ndl cat ed ta Ot h (o] r%gnttarnar{léé:ha ? lbt%le mU%derhS%s 91’9 tTB S an al eof ( aSt one.

The phrase VENaRoPawtapmechagcal squiiiimangin aecoant, divs, ine yalus oy 53 b c1 ai ms,
should bé undﬂnshﬂedx@amneﬁm1%ehnnemmdﬁmh@mn"Tdthheﬂemememue SO conj oi ned,

.e., elements th juncti vel esent sane nd
i 5 tnct | veriBabHEeE ATSPHER g oRGRGR fopt o (B EREREITTY BF Blineet
"and/ or" sheie difioe a€ sSitnrib €061 12, Theexaair, foasBir@ar drifiee,, "one or nore" of
the el enments so conjoined. O her elenments may optionally be present other
than the elenents specifically identified by the "and/or" cl ause, whether
rel ated or unrel ated HQ—DP?%%+QP?W&?}S specifically identified. Thus, as a
non-limting exanple, a reference to " A and/or B", when used in conjunction
w th opeo- ended Ianguage such as 15"conpri si ng" can refer, in one

enbodi nent ﬁé ql t|o$ 1y |ncIud|ng el enent s other than B); in
anot her enbémc prll) 1 (QnTy'"(tB‘dtai pHRIIE ProsTEs %%ﬁtq?ﬁoeﬁteﬁeﬁ%temawé}y than A);

in yet anotQﬁ&mﬁgggg@gpﬁéHmaglgq&ﬂnéﬂ@nd B (optionally including other

el ement s) used herein in the specification and in the clains, "or"
shoul d be understood 20 to have the sane neaning as "and/or" as deflned

above. For exanpige WRLH) SERRAALILNS: th %nkllﬂv&tllo*- fidve bedf es%beﬂ%ﬁﬁﬂ or” shall

be interpreted as being inclusive, i.e e I nclusion . | east one, but
al so i ndbudillwytraredt ker¢ihahose wéordifaryzskiiLimttls arpwill mehly@fwleloe Aeariasy ofzmiekr

oot ona |, AR AL LA Gl TS R A LGB 1, (1
cl ai ms, " cowsé aitmerg obthe adwantapes described herein, and each of such variations and/or
modifications is deemed to be within the scope of the present invention. More generally,
those skilled in the art will readily appreciate that all parameters, dimensions, materials,
20  and configurations described herein are meant to be exemplary and that the actual
parameters, dimensions, materials, and/or configurations will depend upon the specific
application or applications for which the teachings of the present invention is/are used.
Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the invention
25  described herein. It is, therefore, to be understood that the foregoing embodiments are
presented by way of example only and that, within the scope of the appended claims and
equivalents thereto, the invention may be practiced otherwise than as specifically
described and claimed. The present invention is directed to each individual feature,
system, article, material, kit, and/or method described herein. In addition, any
30  combination of two or more such features, systems, articles, materials, kits, and/or

methods, if such features, systems, articles, materials, kits, and/or methods are not

mutually inconsistent, is included within the scope of the present invention.



25refer to the inclusion of exactly one elenent of a nunber or list of

el enments. In general, the term"or" as used herein shall only be

i nt er pretwo 200/ismdbcat i ng excl usive alternatives (i.e. PORAISI00M@®OOL her
but not both") when preceded by terns of exclusivity, such as "either,"
"one of," "only one of," or "exactly one of." "Consisting essentially of'
when used in the clains, shall have its ordinary neaning as used in the
field of patent |aw. 30As used herein in the specification and in the

clainms, the phrase "at least one,” in reference to a |list of one or nore
el ements, should be understood to meam 4k- | east one el enent sel ected from
any one or nore of the elenents in the list of elenents, but not - 45 -

necessarily i ncl dlidagniaens| assalsfingsirad gseddwdn, anelEheeynderstoedrtoonsplesef i cal | y
listed wt hdﬂﬁ%&ﬁ/ héfﬁﬁt &t d%hf?lﬁﬁ&tlﬁﬁiﬁ&%egf%ftl S rgﬂg% Ff%ﬂ@bﬂ“at' ons of

el enments int st of &l enent s Thition ows that elenents
may opti onabt@nabﬁmpamrmftlmtdhﬁmwttm the el enents speC| fically i dent| fied

within the |ist el n 0. Whi hthe east 5one" fers,
whet her rel at ed gl%e u%‘%getaf‘r%lﬁfefo taﬁlose e elfsr(éc{n esreuslbng%? PRI Celh 'fi ed.

Thus, as5a llannd, uiiedsichegrl g divplee to thatolveas tshdilhﬂaeofnd@rstamﬂtoBﬁea@O‘at, least

equi vaI entI§ ~at least one of Aor B," or, equivalently "at |east one of A
and/ or B" % refer, in one enbodinent, to at |east one, optionally

i ncl udi ng nore tgpeae “arﬂ/or\l\’/ia's bseﬂ@eﬁuﬁh@lﬁe&pémﬁ@ﬁdn oft in eRadldims,i shedladi ng

el ements ot he dient, to at Ieast one Oefti onal |y

r £
10 i ncl udi n§® Pr’Efieégt‘f‘)r‘ilé%ﬁn]B?fb e %Ptﬁ t%%\e]ﬁ}’]@%téﬁ‘fco(nm oft i SR e udi ng

el enent's ot hrcohjuadivaly; prés@ntyle&on@erhqumhd erRadi B PresehiGn dthel @&t One,
optionally including nore than one, A, and at | east one, o tional |y

i ncl udi g WM%URI%Jﬁm@ﬁéhS@ Vil CRNGi9E | BRI conspestn Hy BEREShONIfenPad et c.
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contrary, in any 15 nethods cl aimed herein that "i ncl ude nore than one step

or act, t he thspderclapentyipecificaly idsptifakhy te “anfler nidauo vhiedehstatdeessari |y
limited to LRR1RIGET oFJ‘el&ﬂén‘% Qﬁcﬁlg%b?nﬁéd s, fanEﬁ‘ﬁmﬁFig@QQm £& recited.

In the clains, as we as In esp |cat|onaove transitional
phrases suc refersncedo fprhPmig’, when net idéanginttioncwitly giengnded lwpuigeguth as

e unerst oo TS Khifrer inB) ifiment s KURISEA By nelfl WOBkh T, 0 (o
Only the t r atlnsr uham)BBIm p’mtlw_saabodmml tetBi andy @btioratig mchxdn@emmemq olgsential ly
oSl DB Pl LB ORAT DO MBS ey, =
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As used herein in the specification and in the claims, “or” should be understood
20  to have the same meaning as “and/or” as defined above. For example, when separating
items in a list, “or” or “and/or” shall be interpreted as being inclusive, i.e., the inclusion
of at least one, but also including more than one, of a number or list of elements, and,
optionally, additional unlisted items. Only terms clearly indicated to the contrary, such
as “only one of” or “exactly one of,” or, when used in the claims, “consisting of,” will
25  refer to the inclusion of exactly one element of a number or list of elements. In general,
the term “or” as used herein shall only be interpreted as indicating exclusive alternatives
(i.e. “one or the other but not both”) when preceded by terms of exclusivity, such as

kN1

“either,” “one of,” “only one of,” or “exactly one of.” “Consisting essentially of”’, when
used in the claims, shall have its ordinary meaning as used in the field of patent law.

30 As used herein in the specification and in the claims, the phrase ‘“at least one,” in
reference to a list of one or more elements, should be understood to mean at least one

element selected from any one or more of the elements in the list of elements, but not



25What is clainmed is: - 46 - CLAIMS 1. A nethod, conprising:

providing a mcrofluidic systemconprising a first mcrofluidic channel and
a second wDepwfisui7di c channel contacting the first m cr@Ciraisdéio/ogivacinel at
an intersection; providing a first fluid in the first mcrofluidic
channel and a second fluid in the second mcrofluidic channel, wherein the
first fluid and the second fluid contact each other at |east partially
within the intersection to define a fluidic interface; and appl yi ng an
electric field to the interface to urge the second fluid to enter the first
m crof l uidi ¢ channel, wherein, in the af¥sence of the electric field, the
second fluid is not urged to enter the first mcrofluidic channel. The

met hod of clnedematily ificlndingat lerongneios eash angppneyy dlgment epesifically stedneitietond f 1 ui d

cont ai ned WihEt*Hf@1e¥n'é§t}s]g&&?&?gxcg&ﬁﬁﬁéﬁdg%ﬂi‘oﬁlaﬁﬁﬁ%f‘gllgmgﬁti I tﬁ% ﬁéﬂof El‘é’m&?é!se at

| east a portion o secon to enter t ITst urd to formthe
dropl ets. THeispefimodn dfo dlvysdmeclofmenth aiayrsptionally & predeer ehan thanehd i rst 1l ui d
is present within the first mcroflujdi. annel . as . | ural i, of droplets
contai ned. wiEE R adepbl Rip el b hEl oPHRIRR iy R MR bl 173
wher ei n he os€aefieds, dhapdretlated otungeated ® thae Riedieop kpicHically fdemifielie Thus; st

m crofluidic chanpel. while the electri.c fiel,d is applied, The nethod of any
Ohe of ol ai s ASRITRECKITPIE ng 1SEGHE v BEGron EafPBS at BB F et o
the first flbuBd oetiahloat; ot lehit Ondofc@bfid/orRY) tdrhetbr, GO Bicdnitadinnt, id i t he
first mcrofluidic channel. The nethod of claim5, wherein the droplet of
the first flEPIPLCPEGMYY SIHNPSBOTF SiFRG8Y %W@H‘@ Repespt {?5‘1 PRUoPEly - 47 -

7. The met hochcQididWen@n@ ddtfer HaBiByEin dndher UiBb@hRnd R ie@agts)he,rﬂ[p%@hy ui dic
channel contains an inlet portion and an outlet portion relative to the

i nt er sedPi ofPChuingcBgTe hapgne e Mith e pryntandentipRdlyiating e eemenyobtle of
clains 1-7, tﬁ’&ﬁ@f),eiin'}ett DSt LSRN Ok 1 sHbife, Gﬂlﬁﬁﬂ?yl including more than one,
A, and at least one, optionally including more than one, B (and optionally including other
elements); etc.
It should also be understood that, unless clearly indicated to the contrary, in any
15  methods claimed herein that include more than one step or act, the order of the steps or
acts of the method is not necessarily limited to the order in which the steps or acts of the
method are recited.
In the claims, as well as in the specification above, all transitional phrases such as

kAT

“comprising,” “including,

kN1 kN1 kAT

carrying,” “having,” “containing,” “involving,” “holding,”

20  “‘composed of,” and the like are to be understood to be open-ended, i.e., to mean
including but not limited to. Only the transitional phrases “consisting of” and
“consisting essentially of” shall be closed or semi-closed transitional phrases,
respectively, as set forth in the United States Patent Office Manual of Patent Examining
Procedures, Section 2111.03.

25 What is claimed is:



contains only an inlet portion relative to the intersection for carrying
the second fluid. 9. A nethod, conprising: 10providing a mcrofluidic
syst em cowpr2oayisg77a first mcrofluidic channel and a seecmdspétonefobai di c
channel contacting the first mcrofluidic channel at an intersection;
providing a first fluid in the first mcrofluidic channel and a second
fluid in the second mcrofluidic channel, wherein the first fluid and the
second fluid 15contact each other at least partially within the
intersection to define a fluidic interface; and applying an electric
field to the interface to urge fluid fr¥mthe first mcrofluidic channel
into the second mcrofluidic channel, wherein, in the absence of the
electric field, the first fluid is nélLAIMfed to enter the second

20m crofluidic c qgﬁﬁ . crofluidic apparatus, conprising: a first
nicrofluidig'chaﬁne }hé&ggggﬁ%!nicrofluidic channel contacting the first
m crof | ui di ¢ channel m@bvi@ban nicrbBuidiecydton compresirgl avistreiceelosidchanet of | ui di ¢

channel connects to the inte s%pt'on ia an o%iPi e.hq¥L@9 an area of no
se?ontd microtluidic channel contac ll’cl:gtt. ¢ nrsg mycroiiuldic ¢ ann? al an
nore than about gﬁﬁ)o he average Cross-secti ona i mensron o e second

m crof | usdi ¢ chainnederti@nd first and second el ectrodes positioned on
opposi ng sides of the fi.rst m crofl uidic chanpel. and tgg secong .
morof | Ui di ¢ channel .Providigga g ining i nuCigagichamng b isoodd fuidhe 11 v st
m crof | ui di ¢ chajngd secéiemisREREL dhatiedWHdteih te CikanNo@land tHagedond Slhidel ect r ode,
and the second el ectrode are ositioﬂed, uch that a plgne i nt ersects each
of these contact each other at Teast partially within the intersection to define a fluidic

interface; and

10 applying an electric field to the interface to urge the second fluid to enter
the first microfluidic channel, wherein, in the absence of the electric field, the

second fluid is not urged to enter the first microfluidic channel.

2. The method of claim 1, further comprising applying pressure to the second fluid
15 contained within the second microfluidic channel sufficient to cause at least a

portion of the second fluid to enter the first fluid to form the droplets.

3. The method of any one of claims 1 or 2, wherein the first fluid is present within
the first microfluidic channel as a plurality of droplets contained within a

20 carrying fluid.

4. The method of any one of claims 1-3, wherein the second droplet is urged to form

droplets within the first microfluidic channel while the electric field is applied.

25 5. The method of any one of claims 1-4, wherein the second droplet is urged into a
droplet of the first fluid contained within a carrying fluid contained within the

first microfluidic channel.

6. The method of claim 5, wherein the droplet of the first fluid is completely

30 surrounded by the carrying fluid.



The apparatus of any one of clains 10 or 11, wherein the second

m crofluidic channel is substantially parallel the first mcrofluidic
channel pwDap1W5117he i ntersection. The apparatus of anyPOomAISeI1004@06S
10-12, wherein the first mcrofluidic channel is substantially |inear
through the intersection with the second m crofluidic channel. The
apparatus of any one of clains 10-13, wherein the first mcrofluidic
channel is defined in a first planar material, and the second mcrofluidic
channel is defined in a second planar material. The apparatus of claim 14,
wherein the orifice is defined at a | ochtion where the first planar

materi al and the second planar material physically contact each other. A
m crof | ui di @ appahamersod efomp ohsdirdpimg 116, whereintar fod | mictitlyidehehaned ; a

second m crof | ui dj,¢,; &hanne! Spo?t%%ﬁﬁ bh Hﬁ%elk gclﬁigf)ﬁ fef Rivmoctflé’fn'te‘ﬂiegﬁcﬁl gpannel at an

i ntersection, wherein the second mcro Ic channel connects to the

i ntersection vi acawyingrthd fusefllidvi ng an area of no nore than about 90% of the
25aver age cross-sectional dinmension of the second mcrofluidic channel; and
first and second el ectrodes positioned on the sanme side of the first

m cr of | ubdi 8. chafimehethdd Mrungohé efl daime GI7pwhatinghe BE@mdmicrofbidit dihmet hannel

conprising a first plurality of droplets of a first droplet type gnd a
second plurali tycodlfaellfro BTaéltlgleb?ortéo%rg%Bﬁ%todl?eolﬁfeésfcqoﬁ&rC th]tng UrsHébl e from
the first dropl etlvittype, the first and second droplet types - 49 - defining
a repeating pattern within the mcrofluidic channel that repeats at |east
tw ce and has a repeat unit that includes nore than a single droplet.
18. The arti ol e of\ mgdudldmtchfprisidaer ei n the droplets of the first droplet type
and the
10

providing a microfluidic system comprising a first microfluidic channel
and a second microfluidic channel contacting the first microfluidic channel at an
intersection;

providing a first fluid in the first microfluidic channel and a second fluid
in the second microfluidic channel, wherein the first fluid and the second fluid
15 contact each other at least partially within the intersection to define a fluidic
interface; and

applying an electric field to the interface to urge fluid from the first
microfluidic channel into the second microfluidic channel, wherein, in the
absence of the electric field, the first fluid is not urged to enter the second

20 microfluidic channel.

10. A microfluidic apparatus, comprising:
a first microfluidic channel;
a second microfluidic channel contacting the first microfluidic channel at
25 an intersection, wherein the second microfluidic channel connects to the

intersection via an orifice having an area of no more than about 90% of the
average cross-sectional dimension of the second microfluidic channel; and

first and second electrodes positioned on opposing sides of the first
microfluidic channel and the second microfluidic channel.

30



5droplets of the second droplet type repeat in an alternating fashion
within the mcrofluidic channel 19. The article of any one of clains 17-18,
wherei n twe 2biwst77pl urality of droplets and the second pCuAsRItP4a@D6

dropl ets together have a distribution of diameters such that 10no nore than
about 5% of the droplets have a dianeter greater than about 10% of the
average dianeter. 20. The article of any one of clains 17-19, wherein the
first plurality of droplets and the second plurality of droplets are

di stingui shable by color. 15 21. The article of any one of clains 17-20,
wherein the first plurality of droplets*and the second plurality of
droplets are distinguishable by size. 22. The article of any one of clains
17-21, wher éiln t Hee 4ppargtus pf epiad 1G; yfh@lﬁindh@ﬁﬂSémngithaheelsth@@n@hdpI urality
of droplets are I i i first
plurality of dr OQ}&&&P&%%}E‘{{@% e ﬁ}’sté’l CS[R)%? aggilh%ggééﬁg? Eg{fégetr?%l 17 ltugged wher ein
the species is cmcbﬂadaplzﬁezmeﬁwsaardhlocﬁtleseof any one of clainms 17-23,
wherein the repeat unit includes at least 3 droplets. 25.The article of any
one of clainms 17-24, wherein the repeat unit includes at |east 5 droplets.
30 5 12 The apparatus of any one of claims 10 or 11, wherein the second microfluidic

channel is substantially parallel the first microfluidic channel prior to the

intersection.
13. The apparatus of any one of claims 10-12, wherein the first microfluidic channel
10 is substantially linear through the intersection with the second microfluidic
channel.
14. The apparatus of any one of claims 10-13, wherein the first microfluidic channel

is defined in a first planar material, and the second microfluidic channel is

15 defined in a second planar material.

15. The apparatus of claim 14, wherein the orifice is defined at a location where the

first planar material and the second planar material physically contact each other.

20 16. A microfluidic apparatus, comprising:

a first microfluidic channel;

a second microfluidic channel contacting the first microfluidic channel at
an intersection, wherein the second microfluidic channel connects to the
intersection via an orifice having an area of no more than about 90% of the

25 average cross-sectional dimension of the second microfluidic channel; and
first and second electrodes positioned on the same side of the first

microfluidic channel.

17. An article, comprising:
30 a microfluidic channel comprising a first plurality of droplets of a first
droplet type and a second plurality of droplets of a second droplet type

distinguishable from the first droplet type, the first and second droplet types



- 50 - 27.The article of any one of clainms 17-26, wherein the mcrofluidic
channel conprises a first plurality of droplets of a first droplet type, a
second plwoabiwyi1th dropl ets of a second dropl et type diPSTiusguioshmbé e from
the first droplet type, and a 5third plurality of droplets of a third
dropl et type distinguishable fromthe first and second dropl et types,
wherein the first, second, and third droplet types define a repeating
pattern within the mcrofluidic channel that repeats at |east tw ce. 1028. A
met hod, conpri sing: providing a mcrofluidic systemconprising a first
m crofl uidi c channel and a second mi crofd-ui di ¢ channel contacting the first
m crofl uidic channel at an intersection; providing a first fluid in the
first mcrofl ui didinpigamedatipgphtigrnseidun the mligiofuidiichannkkthataersad andeast of | ui di ¢
channel , wher el n, (e, iS4 bl AALIGSREORD, L Ll iRk act each ot her at
| east partlally Wt ntersection to ne a c interface; and
urging the second fluid to enter the first nlcrofIU|d|c channel , wherein,
when an el ectric e the interfa th econ fluid is at
e o oL ShL CyR e PP SRR b P BT DB FP IR 2 1S
29. The net hod of dioplaisor 28 secvhé tiipiet type rdpeat $it arf dlerdtihgfaghies enhinwiet hi n t he
first mcrofluidic @ﬂ%ﬂ,e%@,% a plurality of droplets contained within a
carrying fluid. 253 e“MBP%fod of any one of claims 28 or 29, wherein the
second droplet is urged to formdroplets within the first mcrofluidic

channel in tp ﬁ%gence of the e ctrl field é The hod of
any ome of dPai miHSGn0! YERe PhEHE 1L oNETdR SITER phu L JEHORH o
the second plurality of droplets together have a distribution of diameters such that
10 no more than about 5% of the droplets have a diameter greater than about 10% of

the average diameter.

20. The article of any one of claims 17-19, wherein the first plurality of droplets and

the second plurality of droplets are distinguishable by color.

15
21. The article of any one of claims 17-20, wherein the first plurality of droplets and
the second plurality of droplets are distinguishable by size.
22. The article of any one of claims 17-21, wherein the first plurality of droplets and
20 the second plurality of droplets are distinguishable by a species contained within
the first plurality of droplets.
23. The article of any one of claims 17-22, wherein the species is colored.
25 24, The article of any one of claims 17-23, wherein the repeat unit includes at least 3
droplets.
25. The article of any one of claims 17-24, wherein the repeat unit includes at least 5
droplets.
30
26. The article of any one of claims 17-25, wherein the repeat unit includes at least

10 droplets.



30a droplet of the first fluid contained within a carrying fluid contained
wWithin the first mcrofluidic channel. -51 - 32. The nethod of claim 31,
wherei n twe 2droapshss of the first fluid is conpletely suPCoasded/obypos he
carrying fluid. 33. The nethod of any one of clains 28-32, wherein the
first mcrofluidic channel 5contains an inlet portion and an outlet portion
relative to the intersection for carrying the first fluid. 34. The nethod
of any one of clains 28-33, wherein the second m crofluidic channel
contains only an inlet portion relative to the intersection for carrying
the second 10fluid. 35. A nethod, conprilsing: provi ding a

m crofluidic systemconprising a first mcrofluidic channel and a second

m crofluidic channel contacting the first mcrofluidic channel at an

15i nt er sect ihon; - i di finstFluld i . | S 1.cr of | ui dic
channel andbz seggﬁgu9gé?%bgﬁgg%%mé%ézgﬁ’%ﬁ%@gpﬂufgﬁngkéﬁﬁee? wherein the
first fluid and tdersecoindt flinalig of dpkectof @edicdt datphe typata deeadtphypaity pal | y

within the intersectjon to define a fluidic interface, and ur gi fluid
from the i1 ot mgpskinr e R aEedrd dil S BT B S R R nre
wher ei n, 5when anthaletiralitg of drepleks bba epp ldrepttt type tzenduidhetslé &om, thd fidt 4ddui d i s
at | east partialky &gqunted fromentering the second m crofluidic channel
seco roplet types,
wherein the first, second, and third droplet types define a repeating pattern

within the microfluidic channel that repeats at least twice.

10 28. A method, comprising:
providing a microfluidic system comprising a first microfluidic channel
and a second microfluidic channel contacting the first microfluidic channel at an
intersection;
providing a first fluid in the first microfluidic channel and a second fluid
15 in the second microfluidic channel, wherein the first fluid and the second fluid
contact each other at least partially within the intersection to define a fluidic
interface; and
urging the second fluid to enter the first microfluidic channel, wherein,
when an electric field is applied to the interface, the second fluid is at least

20 partially prevented from entering the first microfluidic channel.

29, The method of claim 28, wherein the first fluid is present within the first

microfluidic channel as a plurality of droplets contained within a carrying fluid.

25 30. The method of any one of claims 28 or 29, wherein the second droplet is urged to
form droplets within the first microfluidic channel in the absence of the electric

field is applied.

31. The method of any one of claims 28-30, wherein the second droplet is urged into
30 a droplet of the first fluid contained within a carrying fluid contained within the

first microfluidic channel.
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32.

33.

34.

35.

-51-

The method of claim 31, wherein the droplet of the first fluid is completely

surrounded by the carrying fluid.

The method of any one of claims 28-32, wherein the first microfluidic channel
contains an inlet portion and an outlet portion relative to the intersection for

carrying the first fluid.

The method of any one of claims 28-33, wherein the second microfluidic channel
contains only an inlet portion relative to the intersection for carrying the second

fluid.

A method, comprising:

providing a microfluidic system comprising a first microfluidic channel
and a second microfluidic channel contacting the first microfluidic channel at an
intersection;

providing a first fluid in the first microfluidic channel and a second fluid
in the second microfluidic channel, wherein the first fluid and the second fluid
contact each other at least partially within the intersection to define a fluidic
interface; and

urging fluid from the first microfluidic channel into the second
microfluidic channel, wherein, when an electric field is applied to the interface,
the fluid is at least partially prevented from entering the second microfluidic

channel.



