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The advent of micro-chemical analysis systems had led to a growing interest in
microfabricated fiuidic systems with length-scales in the range of one to a hundred
microns. Such miniaturization promises realization of assays with low reagent

30  volumes and costs. It permits scaling at the micrometer range, coupled with a
potential or path for implementing multiplexed, arrayed assays of small size that
may be used in laboratories and point-of-care medical devices. These are
commonly known as lab-on-a-chip (“LLOC”) and uTASs (micrototal analytical
-systems).

35
The s-implest apparatus for micro-droplet generation is a ‘T-junction’. A

microchannel system consists of one large carrier channel and a small injection
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30  The drag coefficient of a sphere at a low Reynolds number Re is calculated as

Cp =24/Re. The coefficient C, depends on the contact angle and the shape of the
injection port. in this model C, is assumed constant. The effective drag surface

area 4y, grows with the bubble.
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Using the bubble or droplet diameter D, and the relation ¢, =a(, , the formation
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A shorter mixing path and possible chaotic advection inside droplets can be
achieved by forming droplets of a solwvent and a solute. For formation of droplets,
the flows of the solvent and the solute enter from the two sides with a middle inlet
being used for the carrier fluid, which is immiscible to both the solvent and the
solute. The formation behavior of dropiets depends on the capillary number Ca,
and the flow rate ratios between the solvent, the solute and the carrier fluid. At a
low capillary number, the solvent and solute can merge into a sample droplet and

mix rapidly due to chaotic advection inside the droplet.

By increasing the capillary number at the same flow rate ratio, the dropiets form
separately and are not able to merge and mix. By further increasing the capillary
number, aliernate droplets become smaller and unstable. At a high capillary

number, the three streams flow side-by-side, as in the case of immiscible fluids.
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The effect of thermocapillary is another way for manipulating surface tension. The
temperature dependency of surface tension of a liquid/gas/solid system causes this

30 effect. The viscosity and surface tension of a liquid decrease with increasing
temperature. A gas bubble moves against the temperature gradient toward a
higher temperature. A liquid plug moves along the temperature gradient toward a
lower temperature. These phenomena are also called Marangoni effects. in
practical appliications, the temperature gradient can be generated using integrated

35 heaters. Figure 6 shows.our initial res ults -on controliing the movement of a liquid
plug.



tenperature dependency of surface tension of a

l'iquid/gas/solid systemcauses this 30 effect. The
wor®cosi7ty and surface tension of a |iquid decPE€ES&2007/000087

with increasing tenperature. A gas bubbl e noves

agai nst the tenperature gradsent toward a higher

tenperature. A liquid plug noves along the tenperature

gradient toward a |ower tenperature. These phenonena

are also called Marangoni effects. In practical

applications, the tenperature gradi ent can be

9 eprkidldf adhédtPorbvagist esl gdReriie ali®s Sroplgisgﬂ’(e&o:@e §QQM§

tial | t t
i Bl B Pt ST 37 gk Letsien Boguns. T8 cher
Pr éoniecas byly ba cortiobed Hydhekoweate, vddd thednteriasiel tetglomdapbe
dr efusiied: by'EUﬁac,ftéNt e&cm}aam %o%ﬁ%ﬁ&oﬁ&@&hamé%&ﬁc e

ten onh descr i in equatio Q{aﬁ

> oFé’éeVE% y?fﬁ?rﬂ}a‘ﬁié”r@&rﬁ’tl%? ?E@S‘W B "PTGBVV "P%{‘%"d \Wr‘ Prep‘et
t hérmattoe pfaaessalast pprsiveo Onadiip ddtrologstiieddibrechobybssible.
surfactant concentration. Control over droplet
formati on has been 5 achi eved by external syringe
puSPE™aRY surfactant diluted in the liquid. The
dr apdoding tb @h RRéh STy RERLER SraN@ Srol R8s b ViicroflAiticaidiviork for

C o%&tfvg lco%ls(l)f cﬂgrragtgl%ng? &OLI&%S cﬁwlek?mgro-dro Veg%re%lég&od’ di ng

m @Pf@fplklﬂompesqa@t \%ﬁl@nq& ypctionpef &t:*teasﬁ @n%fmitqhemnebﬁnd at least

C ha;ﬁélé‘éceﬁd SrlahRd; 4 aﬂtelécﬁiaéﬂy @RBoIlRY %E’Qatarfaﬂ B djaceniife
m Cr o

ot TatendhBpSis AFATEE v RS B o4l b e Do MESRaR
channel ; and an electrically controlled actuator at or

15adj1Re @cmtrotch ¢he dhdREletifids LiAnkREIES ofe BRBRGRAY B z.r)rlé%r more of:
characteristics of the at | east one m cro-dropl e 15

op! e
The PlhioFBRtiops dremiet b&‘f?ﬁﬁ‘&c‘%‘é‘??'&'?ﬁ? gicdropiets. jrining °f|dé°£’§fs Btk
dr opdr@tg ofayopketss.one or nore of: droplet formation,
droplet br eak- up, conbining of droplets, joining of
1{?1' ets, and nerging of droplets. The electrically
conhe Slepteepiiy seniel aqipiPr BeRvAte gt égstong Rk ap petugipr for
20ac thyaroOynain@r distiftodned DplyvarEoricticRiater, kaRES on@microheater, an

D! SHRRLPSLIL AR LAl ook S3hORR, hcroneat er . an

ext erna e2StY She microwet t i ng
cell. The at | east one m crovvettl ng cell may conprise

a fihe st iegdi 864 MRERVdiMglcBIEmal chfpide 0N& elef:tirdd‘étm &b ane@dt one
st on Secon nt th

tr
o bR el e e 7 2 ePResREhE iR oot
25e| gwtcliond éhegratyedstonassabrataatiade inay bayrgrleish Mih e hydrophobic

et R, Thd At éléét.%ﬁe ﬁq'a? 64 éBQGo Hmé Jﬂ%ct%Br'utSctwch Ba¥@ple fluid
|re§_1te contact wt in the at | east

O e 2L RSt RS Fra] Snne, “BF Bt et oM el chatie it aP shey

c onipast ere skde branch, the at least one second elecirode being in the at least one
side branch. There may be two side branches. There may be a first array of
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of second electrodes may be separately controliable.

35 Alternatively, the at least one second channel comprises at least one side branch,
the at least one microheater being in the at ieast one side branch. There may be

two side branches. There may be a first array of microheaters in a first side branch,
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30 channel.

The lab-on-chip device may further comprise at ieast one of: a preprocessor with

hydrodynamic focusing, a detection unit, and a cell switching unit.

35 According to a further exemplary asp ect there is provided a method for active
control of characteristics of at ieast ore micro-droplet using a microfiuidic network

comprising at least one junction of at Ieast one first channel and at.leasi one
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array of microheaters and the second array of microheaters may be separately

controlled.

The piezoelectric actuator may be op eratively connected io the at least one second
channel and may effect hydrodynamic disturbance along the at ieast one second

channel to the at least one junction.

The external electromagnet may form an external magnetic field to control the
characteristics of the at least one micro-dropiet. Magnetic beads may be distributed

at an interface of the at least one micro-droplet. The external electromagnet may
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gﬂ &Y ¥BF%ati on in the exenplary enmbodi ment

Figure 1 is a schematic representation of an exemplary embodiment of active
control of droplet formation using hyd rodynamic disturbance;

Figure 2 is four representations of droplet formation in the exemplary embodiment
-of Figure 1 at different hydrodynamic disturbance frequencies;

Figure 3 is two plots of the measured flow field inside a micro-dropiet of the
exemplary embodiment of Figure 1;

Figure 4 is a representation showing active micro-droplet control with Marangoni
force with (a) being a microfluidic netwwork with heaters at the inlets for controlling
the droplet formation process; and (b) is a microfiuidic network with heaters at the

inlets for coniroliing the droplet break—up process;
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network for active control of mcro-droplet formation

10 usiFiygres® it b eeprescaipliér shoying farememplali gnirodintkdt ofs ndcrofluidic
representation of an exenpl ary enbodi nent of a ‘
m @P%’ef‘fefﬁfrﬁﬂ've ePatrlet Riclogirogtet foyeation Heipg# thgfmocapillary effect;

e B SR e P S B %}l%géh%ﬁne'
ggﬁgtg)gf@gacgnvec@onm 57 Rkl DRaRBRE B84 Ve

Fi 4R s bSertedcRiBlichSS B @kéﬂﬂla@fenﬁadlﬁ%ﬁ{m la@idrofiuidic
enbodi nent of a microfluidic network for active

15 conietwolk fof adiive cavroirod prlcei-dripieg bregkupsising etcbeswaitapi | | ary
force; Figure 13 is a representation of an exenplary
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control of micro-droplets; 20 Figure 14 is
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20M CRigukd 1 @iaGepresentation of an exemplary embodiment of a iab-on-a chip for

cell encapsulation and sorting;

Figure 15 is a representation of an exemplary embodiment of a sample
concentraior; and

Figure 16 is a representation of an exemplary embodiment of a microfiuidic

25 network using a magnetic field for active control of micro-droplets.

Detailed Description of Exemplary Embodiments
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t he exenplary enbodi ments |ike reference nunerals are
used for |like conmponents. lip the exenplary

enbodi nent's, a third force is used to affect the force
bal ance 5 during the process of droplet formation.
This allows active control over the size of a droplet
and its formation frequency w thout changing the flow
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wflel inside mcro
ger L@pq@g /Nhgathqﬂ pﬁ@pﬁg ohmg@@s the force balance at the

solid/iiquid/gas interfacial line durlng the formation and breakup process can

be used for this purpose.

The flow field inside a droplet can be controlled by manipulating the shear force at

the interface around the droplet. This shear force can be induced by the forces

30  mentioned above. The techniques manipulate the fiow field inside micro droplets

35

using the following forces:
» Hydrodynamic force: channel shapes can passively manipulaie flow
fields around a dropiet and, consequently, through the shear force, its
internal flow field. Alternatively, pulsating external flow may be used as an

option of hydrodynamic force: for controliing flow field inside the droplet.



Hydr odynam c force: channel shapes can passively
mani pul ate flow fields around a droplet and,
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flow field. Alternatively, pulsating external flow may
be used as an 35 option of hydrodynam c force for
controlling flow field inside the droplet. WO

2007/ 114794 PCT/ S&007/000087 11 Marangoni force:
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I n distugisihes P14. t he fl ow rates and the anplitude of the

drive voltage were kept constant. The effect of the
25di st urbance frequency on the formation process can be

clearly observed due to the change in size of the
in the resuits shown in Figure 2, the flow rates and the amplitude of the drive

voltage were kept constant. The effect of the disturbance frequency on the
formation‘ process can be clearly observed due to the change in size of the
droblets. in Figure 2(a), at OHz, conventional passive formation results in regular

30 droplet size at a constant formation frequency. In Figure 2(b) at 1Hz, the induced
hydrodynamic disturbance imbalances in the forces at the solid/liquid/iquid

- interfacial line results in an early release of the droplet. A smaller 'droplet was
formed. Since the flow rates and flow rate ratios are kept constant, a larger droplet

is subsequently formed. Figure 2(c) is at 2Hz, and the disturbance is synchronized

35 with the natural formation frequency (of the passive formation process) and results

in reguiar droplets, which are significantly smaller then those created by passive
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both inlets for the sanple flow (water) and carrier

flow 619' ll/l%1 oﬁlcsflchEOH ndat &y therrrﬁ§l|y3ttlluev%ﬁé}§a§ %fs% l‘irQan as

cont r ol erature of t he water and
20F; d*ﬂﬁ"é°%(’!5§"y ofipd 25 P Fiaed tﬁbé’ﬁ%hBES [faSene HEF%WEA' N i
andi(/traihies faeraind sapdplecibwiiyvaters bsd carger fiea{ @y sre surftumded by
fl I I
Q'% sr‘u% %(a?eir? Iorb%ntg%gg t%r}u%é %Wﬂ’é%g wfa}@ %vndr g IIt éﬁoﬁlgﬁg Q(EJI) the
betQNé%rbraﬁﬁf@S§'aYﬂ3ﬂhé Sameliepsis et are @so cgnioledypysreighye hgpters.
1: 4rne b Hidof 1 @h@\&ﬂ‘lot«zh@a’c@&ﬁh Ei&or@éﬁénﬁd?@)lwdsh@bt dt B&0 uL/hr.
2522%&2‘{’@%‘5 etg F%gte?hnethfa gaﬁr{lam uer ééw% otF {:?] ner 01 wtasa peplt ?@1 4. Figure
pr e&@pweﬂheﬁ'@ultq g sh@ath@tthpodrg@et size and the formation frequency can
be controlled by the temperature of the inlets. It is preferred for the heater to be

integrated directly at the injection port, where the sample joins the carrier channel.

30 Figure 6 shows break-up of droplets using heaters. If both heaters are not active,
the droplet will be broken up at the end of the carrier channel. The size of the
droplets on both branches is determined by their fluidic impedances. The passive
breakup process can be seen in Figure 6(a). Figure 6(b) shows the result when the

bottom heater is active. The Marangoni force and the lower fluidic resistance due



integrated directly at the injection port, where the
sanple joins the '"carrier channel. 30 Figure 6 shows

whe@al141p4 of dropl ets using heaters. |If both heEL/86H07/000087
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the applied voltage.

Figure 9 shows a microfluidic networi< that may be any one or more of the forms
35 shown in Figure 7 but where there is a microheater 938 integrated at the junction

between the carrier channel 102 and the injection channel 108.
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illustrated), or there may be a differert number of electrowetting cells in the two
arrays 1148, 1150.

30 Each array 1148, 1150 of electrowetting cells is an array of insulated electrodes
832 in the respective side branches 1044, 1046. Controliing the voltage differences
between the insulated electrodes and the positive electrode 830 aliows precise
cutting and breakup of the droplet 122 in the side channels 1148, 1150.

35 Figure 12 shows a microfiuidic network for droplet merging-that may be any one or
more of the forms shown in Figure 7 but where there is a first array of micro
heaters 1252 integrated in the first branch 1044 of the side branches, and a
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1362. Input for obtaining desired characteristics of the sample fiuid 110, and
receiving is for receiving an optical signal that provides the desired characteristics;
a waste reservoir 1365 is operatively connecied to an output of the
microfiuidic network 1362 and receives the outlet waste carrier fluid 104 and any
30 other waste fluid; and
reservoirs 1366 for reagents aind sample fluids and operatively connected

to sample fiuid channel 108.

The lab-on-chip device may also include a preprocessor with hydrodynamic

35  focusing, a detection unit, and a cell switching unit.
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possible. With magnetic beads distributed at the dropiet interface, the formation
and breakup process can be controlied by an external magnetic field formed by an
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magnetic beads can act as an agitator inside a dropiet. Agitation as by stirring is
therefore possible.
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operation may be nmade wi thout departing fromthe
present invention. WO 2007/114794 PCT/ S&007/ 000087

control of characteristics of at |east one
m cro-droplet, the mcrofluldic network conprising: 5
at |l east one junction of at [east one first channe
and at | east one second channel; and an electrically
controlled actuator at or adjacent the junction to
i nduce a change in the characteristics of the at
| SHEICLAMS:M cro-droplet. 10 2. A mcrofluidic network
as clainmed in claim1, wherein the control of the
characteristics of the at | east one droplet is-
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acdherggedr the ahardataisticsah the ati leasd hrwrlne:rq -drapietext er nal
electronagnet and at | east one nicrometting cell. 20
. Amcrofluidic network as clai rned in c
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cI@P@@IOVHW$ﬁ%ln14 mhereln the at |east one 25
second electrode is insulated with a hydrophobic
%Ie‘:nl ZA 81}croﬂ|mdtc ne@v Q<f lsucllaq Imlc,:]edtnnﬁél kor%\sauﬁ F"é\klﬁgﬁ"%r& ehg
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| east one side branch, the at | east one second
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A mcrof|uidic network
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ar eayt oo sechsiectetestar adesentrthaatfleassonegumbgoror anch, and
a second array of second electrodes in a second side

branch. S .
5. A microfluidic network as claimed in claim 4, wherein the at least one

second electrode is insulated with a hydrophobic material.

6. A microfiuidic neiwork as clatrmed in claim 4 or claim 5, wherein the first
elecirode is able to have direct contact with a sample fluid in the at least one first

channel.

7. A microfiuidic network as clairned in any one of claims 4 to 6, wherein the
at least one second channel comprises at least one side branch, the at least one

second electrode being in the at least one side branch.

8. A microfiuidic network as claimed in claim 7, wherein there are two side
branches, there being a first array of second electrodes in a first side branch, and a

second array of second electrodes in & second side branch.
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network as clained in claim8, wherein the first array
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el ectrodes are separately controllable. 5 10. A

m crofluidic network as clailt%ed in any one of clains 3
to 9, wherein the piezoelectric actuator is
operatively connected to the at | east one second
channel and effects hydrodynam c di sturbance al ong
the at | east one second channel to the at |east one
junction. 10 11. A mcrofluidic network as clained in

any one, chro(ﬂljiﬁiic qgtw’érk.tag c@ai m}@ia I(ﬁ{ &éi{ﬁ é u/ﬁereiﬂgweel fEQ%Fra)ﬁ&e

second channel conprises a east one si ranch, the
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si @eatrdiagech. 15 12. A mcrofluidic network as cl ai med
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in claim11l, wherein there are two side branches,
there being a first array of microheaters in a first
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cl ai in claim.12, er ei e rst arra

o St Bt sttt eaonh e A ispSiang i fapnd o oe
Segiaeat@eyurctont rol | abl e. 14. A mcrofluidic network as

clainmed in any one of clains 3 to 13, wherein the
external electromagnetic is used for generating a.
et | A MR FHFIHE SPHN® EREME TR P TET G
t het st dreastondrBametsompds @p bidbast e dide brénan toe effiéast diec
ne c] al ' I erei n magneti c beads
ar @%th%ﬁ%g%g‘ﬁgt %?Stghgigﬁﬁ%bﬁ?ngﬁg of the at | east one
m cro-droplet, the external electromagnet controlling
t he2 chap atdrefuidid nebSorfs tihenéd in RIS t 1, DNereititdr@©ard mopsied

by .t he external etic fi. LGLof | uidic
LR L8 P BB s,y a2 16 PR B LD Eht
beagbond areay digricieheaigiting ECPrEidRebraM®. at | east one

mcro droplet. 17. A mcrofluidic network as clai ned

in claimil5 or claim 16, wherein agjtati b
St 191 nf eoBlicn o patre) felt® o Sbis% e 9 o

PCTiBEReER 4@ 0ig8second array of microheaters are-separately controllable.

14. A microfluidic network as claimed in any one of claims 3 to 13, wherein the
external electromagnetic is used for generating a magnetic field for controliing the

characteristics of the at least one micro-droplet.

15. A microfiuidic network as claimed in claim 14, wherein magnetic beads are
distributable at an interface of the at least one micro-dropiet, the external
electromagnet controliing the characteristics of the at ieast one micro-droplet by

the external magnetic field.

16. A microfiuidic network as claimed in claim 15, wherein the magnetic beads

act as an agitator inside the at least one micro dropiet.

17. A microfiuidic network as claimed in claim 15 or claim 16, wherein agitation

by stirring is able to be performed.



20 18. A mcrofluidic network as clainmed in any one of
clains 1 to 17, wherein the at |least one junction is
w@rooreas4 one sel ected fromthe group consi stiPQI/eG2002000087
T- junction, a cross junction, a bisected V -junction,
and a Y-shaped junction. 5 29. A |ab-on chip device
conprising: a carrier fluid reservoir operatively
connected to the second channel of the nicrofluidic
network as clainmed in any one of clains 1 to 18; an
el ectric signal input to, and an output from the
m & of | Aimgrddluidie neipolk fsafaiseddn ay akaf daner itsti, eberwsin the
thg Ié@stcd'ngf LH&!ICQII |§atr%We|%é§Qaédr Rbd 'trfé%rou;]) Qorﬁshsﬁng of;aT-

- mcrofluidic net respectively; an optical  signal
i nBRAIOR. G, Crogs inglien R bipRste VdHﬁ‘C“P%é‘“ﬁ?cY rSBFFPEiS’H‘mCE"”

network for sensing characteristics of, and receiving

5 output £ ram, chp%ewég'c%fn%w di c network respectively; a

wast e reservol connect ed to an out put of
the 15 m cr@ﬁ@f[ﬁfav'é reseMmT RPeFiively é@l@?‘?ﬁ?qﬂj thsgecand

wast e celahh&bf thé Micﬁbﬂu@ﬁdwéﬁvoﬂk%@%tamﬁmﬁn élﬂ/&ﬁé\éﬂtlélmfsﬂ lto a8;
| east one reage s and

ttnc;s P gaSt oneou u?{g)m %{e mi ro !]J,Idl
bei ng oper at fVerS CHNRe R Ey™° e [EuSt ORE 1Y st
channel net@gk 2@ senainbghareciecisiiqs qﬂthnrmerofa@lcmeémb doritrqlling

1o Cl ai m 18 ofMébiiRiic rietranr ife%bEthv@ty | east one selected
fromthe grou Sj stin cessor W
Py odynam o oF SUGY SAgE! MR anE e GRPr: PRTIEN
SwWi t chi ngiwomhifdr.seriding cAanaeteinsticsf abrand ceceiviag outntitriom, tife
char act Wdréfhld%%e&fgﬂ?r%sde%ﬁ\%i%One m cro-droplet 25

using a mcrof I ¢ networ rising at |east one
junction of &WeplgzRserveihapreratively C?fwsﬁ?fé‘lo ag QetPy;of theast
150ne secatigofiidtmealork thhecswinyattieorpteicaiiagiudsamy an

el ect i cal |y .pRIL b0 bedh AP1IAl Rhoidhe AboAHbALE Nact IR

junction to i cteristics
the at [sa@Re ﬂwﬁearmbénsoa?rcﬂjw@v corggcipgto the ﬁﬁaﬁw\ea{'ést
cl ai med chéhnel @i m 21, wherein the control of the
characteristics of the at |east one droplet is
sel ected fromthe group consisting of: droplet

20f or2fiat i dviab-oh-gin davich pe dlRinupd incaim 18 funersPmarisips aitesst one
j O'SQIb&gd fbm q{e%u%tc%sm%ﬂ@om SHepr8cessdr vith AiredyRamidFoodSing,

A et hod as g 21 or claim 22, wherein
t hé dgfe@fi‘fr\r‘f”{%ﬁ"a)? cel %YHECP'BPI “actuator is at |least one

selected fromthe group consisting of: an WO

2002?./ 1 14\7rﬂéthg>oqy a%ﬁe%ﬁrg @PQB racteristics of at least one micro-droplet

25 using a microfluidic network comprising at least one junction of at least one first
channel and at least one second channel; the method comprising using an
electrically controlled actuator at or adjacent the junction to induce a change in the

characteristics of the at least one micro-droplet.

30 22. A method as claimed in claim 21, wherein the control of the characteristics
of the at ieast one droplet is selected Trom the group consisting of: droplet
formation, droplet break-up, combining of droplets, joining of droplets, and merging

of droplets.

35 23. A method as claimed in claim 21 or claim 22, wherein the electrically

controlled actuator is at least one selected from the group consisting of: an



21 actuator for hydrodynam c di sturbance, a
pi ezoel ectric actuator, at |east one mcroheater, an
wesxaennab4 el ect romagnet, and at | east one ni cr BUESGR00T000087
cell. 24. A nethod as clainmed in claim?23, wherein the
at | east one mcrowetting cell 5 conprises a first
el ectrode in the at |east one first channel, and at
| east one second electrode at or adjacent the at
| east one junction. 25. A nethod as clained in claim
24, wherein the at |east one second electrode is
[ rmUaatremlhydrcbdynambydrudqrﬂne:bl 8 pierdetEciria lactudir, 88easfomet hod
ASmEtALAIE Tar] QoAb ! AL B Bt MORIRIR B el | St
el ectrode as rec MECT Wit a sanple urd in
the at Ieast one first channel 27. A nethod as
Icl 24, MedA mdthad ds Qﬂﬁaegfn drrmé'm PR whéreinGhe4t leash@feghitroivbieingdel
east e, second, ¢
> §j %D@pﬂ?%snacﬁsq {eﬁtr d%tm hggsp on%negglgon%%glé%d %tﬁ% teongglg%oad
i neleditodet or edigtenbihe aldpake amedynshon. 28. A net hod as
clainmed in claim 26, wherein there are two side
branches, _ther eing . a first ar f second
o1 B2t 1 olntion o5 Srimpy e 2 s A abas” 8B 20
ar plagtrodé issreolated véth edydroplesbic mageriglecond si de br anch.
1029. A nethod as clainmed in claim28, wherein the fi rst
array of second electrodes and the secong18
seébnd BMetoR Gaeeimerin SRIPAPALEFYM Nt ITT first g C@@e
Amaddirdciasntattaiithedainpiedioy onies aifeast auieriisst 3&nhd. 29,
wherein the piezoelectric actuator is operativel y
connected to the at | east one second channel and
ef P&ct sAmAIe @ faimed inast arp arfiidimaPoiRgct Meerejp the@hlepst
15 0n©n§§é’é6ﬁtdch@h\%ﬂ Etﬁﬂlprfééls atheastahe kigablanei) tejatiiastions secdhd

V\,hg ﬁ(oﬁetbﬁlng indh gtle S{Tene snge%% one of claims 23 to 26,

T2as one second channel conprises at
| east one S|de branch, the at | east one nicroheater

be'z@g ' 'A rﬁéii‘?od‘%ts claﬁﬁe?itm e8fn Se0endsiRtheR: ardtvo mde‘br&%ﬁé@d
2 Ao i B AP e 1 g B o

20 m arehefzbems elentr@ie$ inrssseceindesiderbeanctn, and a second
array of mcroheaters in a second side branch. W
2007/ 114794 PCT/ SG2007/ 000087 @ 22 'Y\le Atmet haqd asd
cl &%med AReteedASHagped iGEIng; 75 YRR fnedis 3??"&3 Sgon
M criceheis andthe aadbnt heasdcetndeledpdef araseraciigata@trolicar e
separately controll ed.
25 30. A.method as claimed in any one of claims 23 to 29, wherein the
piezoelectric actuator is operatively connected to the at least one second channel
and effects hydrodynamic disturbance along the at least one second channel to the

at least one junction.

30 31. A method as claimed in any one of claims 23 to 26, wherein the at least
one second channel comprises at least one side branch, the at least one

microheater being in the at least one side branch.

32. . Amethod as claimed in claim 31, wherein there are two side branches,
35 there being a first array of microheaters in a first side branch, and a second array

of microheaters in a second side branch.



34. A nethod as clainmed in any one of clainms 23 to 33,
wherein the external 5 electromagnet fornms an external

woragnai47e4 field to control the characteri sti csPOF/SGH®7/000087
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at | east one mcro-droplet. 35. A nethod as clainmed in
claim 34, wherein magnetic beads are distributed at
an interface of the at |east one mcro-droplet, the
external electronmagnet 10 controlling the
characteristics of the at |east one mcro-droplet by
the external nmagnetic field. 36. A nethod as cl ai ned
i n33c| ai Andihod A @di@edintcltmnIE) WRdrkia tRemESirag bf ritGroRdaters
énd%e setc nré?rrg Tf:hle%lrl'oﬁ% %aasrg Is%p%?at%]%c%n?ro@ gr ?npl?,gt 15
mhereln agitation by stlrrlng is performed. 38. A

m‘-;@hod /ﬁﬁleﬁb@bm&imb@maéﬁy HE&F @!Emfé'tzéltd‘@?: Zaﬂaelte% tRd external
ClI e
PG Rab B s e Rsits 1 R5oa b Rraciilts I

a atdgeesmejmicretiopkei. a bi sected V -j unct| on, and a
Y-shaped junction. 39. A sanple concentrator for
concentrati ng a plurali tﬁ\isof m cro-dr otPI ets each

coittai it Aigthg E%?‘?'mieﬂirbd Phyrereinmadgeliches e distributed
coataniimerfage of tie atficdst dre mitre-eloblst, thelegtetal sletpheagnet

CO%@&&J&L@&@%@ loPle afl‘ |é%L~HIn@'n# idr dﬂple%f%@%&t%gﬂ ¢

ealRINHHEYd-on of the at Ieast one junction of each of
the plurality of mcrofluidic networks there being an

ougé et L\ me’thog gg};/lg‘llme in C aalrrﬁr 5§ heIelnuthe magnetic beads act as an

agitator inside the at least one micro-a droplet.

37. A method as claimed in claim 35 or claim 36, wherein agitation by stirring is
performed.
38. A method as claimed in any one of claims 21 to 37, wherein the at ieast

one junction is at least one selected from the group consisting of: a T-junction, a

cross junction, a bisected V-junction, and a Y-shaped junction.

39. A sample concentrator for concentrating a plurality of micro-droplets each
containing a cell into a single, Iargé dropiet containing a plurality of cells, the
sample concentrator comprising: a plurality of microfluidic networks as claimed in
any one of claims 1 o 20, at each junciion of the at least one junction of each of
the plurality of microfiuidic networks there being an outlet for removal of carrier
fluid.



