1 Inproved Mcrofluidic Device and Method Field of Invention The invention
relates to mcrofluidic devices and nethods of use. In particular the

i nvent i orwoebatmwsssto t he operati on of such devices in irerTsceen/ood@ze the
fluid novenent is discontinuous, or in discrete portions or colums.
Background The nmerging of two liquids in a mcrofluidic device is often
achi eved by using two nergi ng channel s} which can be an effective nmeans of
m Xxi ng two continuous streans. However it is not effective where the two
fluids are disconti nuoimprovet NMicwsfruitdicoDedicecandMethbd i m ted | engt hs. For
exanple, if one colum noves through of the Y junction before the other one
reaches the junction, an air colum is trapped between the two liquid
colums, isolating the two colums. Consequently, they are prevented from

ner gi ng asield o InRMisiPwWnst ream

The invention relates to microfluidic devices and methods of use. In particular
the invention relates té the operation of such devices in instances where the

fluid movement is discontinuous, or in discrete portions or columns.

Background

The merging of two liquids in a microfluidic device is often achieved by using
two merging channels, which can be an effective means of mixing two

continuous streams.

However it is not effective where the two fluids are discontinuous or discrete
liquid columns of limited lengths. For example, if one column moves through of
the Y junction before the other one reaches the junction, an air column is

trapped between the two liquid columns, isolating the two columns.

Consequently, they are prevented from merging as they move downstream.

One solution may be the synchronization of movement of the two liquid columns.
Synchronization may be carried out using position or speed sensors, or by
precise balance of pressures driving the liquid columns. However, in practice,
such synchronization is difficult to achieve due to the fact that air in the channel

network is compressible and the channel network is not completely rigid due to



One solution may be the synchronization of novenent of the two liquid
colums. Synchroni zati on may be carried out using position or speed
sensors, WO 2by/q@esci se bal ance of pressures driving thePcirgG2ehomodurms.
However, in practice, such synchronization is difficult to achieve due to
the fact that air in the channel network is conpressible and the channel
network is not conpletely rigid due to2 2 the use of plastic or elastoneric
t ubi ng and channel structures. This causes a tinme lag in |liquid novenent

f rom onsethearsd of plastic of elpsessenctubMgand phasselrstaatires. Thisi @Rsekike a
syringe punp or peristaltic punp typically have a backlash to generate

pressure_mhe@gmudaﬁé@mémmr&isbpanélo%@iof Sre88( algsl, making the
synchroni zation difficult. In any event sync hr oni zat i on |nposes hi gh
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cannot cause an |nstant aneous stop of guid novenment due to the air

conpr essi $#1§ra{ed. dealdngrs syrauanenatian ﬂlﬁt@d’? el amdevani synaiseaization he

m crofluidic system and novenent backl ash of nmechani cal nechani sm of the
liquid drimpasgsdigh ddastr8oturarcpsband mgmdémand rin ‘canfrolr sitstempect  t he

i nvention provides a mcrofluidic device conprising; a mcrofluidic

channel ; equipniendfsiungiestd, 0 sel ectively introduce or rel ease gas fromsaid
m crofluidic channel so as to selectively vary the relative position of

adj acent liquid colums within said mcrofluidic channel. In a second
aspect the invention provides a nethod for varying the relative position of

adj acent AL OuythC MSBRSr Y LiBLE B¢ ABLEH LN AbGoshanng! it g, gFatctcllcc):gl
solutions to stop a moving liquid column in a channel at an exact location in the
channel. Switching off of the pressure source cannot cause an instantaneous
stop of liquid movement due to the air compressibility, deformable channel
structures and tubing used in the microfluidic system, and movement backiash

of mechanical mechanism of the liquid driving devices.

Summary of Invention

In a first aspect the invention provides a microfluidic device comprising; a
microfluidic channel; a vent arranged to selectively introduce or release gas
from said microfluidic channel so as to selectively vary the relative position of

adjacent liquid columns within said microfluidic channel.

In a second aspect the invention provides a method for varying the relative

position of adjacent liquid columns within a microfluidic channel the method



3 conprising the steps of: providing a vent in said mcrofluidic channel
and selectively introducing or releasing gas internediate said liquid

col ums twoaoghess7d vent. By adj usting the position of pCsGouwoai4zol unms
relative to each other then a range of different applications nay be

possi ble. The liquid colums nmay be nerged or have the relative position of
the liquid colums placed at a known @i stance. The known di stance nay be
for aligning the liquid colums with external influences such as heat or

magnet i ¢ cbhfridind et dteps bhg)rbvldhﬂgda gohtinmsidreniclofiukipehatres ahdr nuch t he
sanme reason as previously scussed. Further still the liquid colums nmay

be T or medidps lﬁfr%&n%bﬁ%lgaﬁﬂplﬁﬁé .mérm@araqéls@mqaa%olumsthe i quid

streamto separ te into discreet Tiquid colums. This may be possible by

pl acenent, of enﬁt1 at specific locations so as to very precisely divide
a known é) VE tauid fromthe single liquid colum. Thus in a third
aspect, the i nventi on provides a mcrofluidic device conprising a

m crof l ui dic channel and a vent in said mcrofluidic channel, said vent

arranged to selectively introduce gas for selectively d|V|d|ng a single
liquid cBywadiustingthgtpdsition ot the liguigkeeemns rqlﬁtwedeﬁwhsothemthen a

range of different appIications may be possible. The liquid columns may be
merged or have the relative position of the liquid columns placed at a known
distance. The known distance may be for aligning the liquid columns with
external influences such as heat or magnetic field. Further the liquid columns

may be separated for much the same reason as previously discussed.

Further still the liquid columns may be formed from a single liquid column by
introducing gas into the liquid stream to separate into discreet liquid columns.
This may be possible by placement of the vents at specific locations so as to

very precisely divide a known portion of liquid from the single liquid column.

Thus in a third aspect, the invention provides a microfluidic device comprising a
microfluidic channel and a vent in said microfluidic channel, said vent arranged
to selectively introduce gas for selectively dividing a single liquid column into at

least two discreet liquid columns.



It wll be appreciated that the gas may be air. Alternatively the gas may
be a non-reactive gas such as nitrogen or possible a highly reactive gas
for the pwopos@éeeds7reacting with the liquid colums. Thecrscroaymyodz
associated with the mcrofluidic channel through a range of different
alternatives including integrally noulding or tapping into the channel such
as drilling into the mcrofluidic charfhel. Alternatively the mcrofluidic
device nmay conprise two or nore substrates with each substrate machi ned so
as to prdvilldbeaagprepiznenthatithé bas avayr bé hirdAltaraativaly thengasumey, baaf i r st
substrate may include an open channel which when engaged with a second
Subst r at @onS@etive §a8dus %%Hiﬁé@erﬂ@f/pé@silbletmigmffééfch% bs fehienel . The

or

second substrate may then have apertures drille noulded into said

substrat %g*@%%%ﬁ%a@ﬁﬁg‘g%ﬁ@ liht]ﬁj glqm%hannel of the first substrate so as

to provi aid m'croffurdic channel. It will be appreciated
that, for the purposes of this invention, a liquid colum is a |ength of
liquid within a mcrofluidic channel. This may include a discreet |ength of
possi bly very short length with reference to the width and I ength of the
channel. A liquid colum may also include a very long length of liquid

within t hef'ﬁcvr@rﬂrl‘ﬁé)( g@%sgabfiafcélf wFtH%é)H{i@%ﬁgﬁjgtﬁEhéwitﬁ%%@h!é)fh of

substantially consl dered conti nuous. I's end the m crofluidic device

according.to the,.present.invention | | .Qw _ner.qin. |t] i qui d
ol ums . iierebl AUPEaRFEs s e ot bghie Fadbaletuy HpRitel ¢
positioning of one or nore liquid colums within the mcrofluidic channel.
The devi G&Che#p Frilling BYto Hag H’I'?mHH’é"Cr@T%m%g of a single liquid colum

t hrough isolating or dividing a liquid colum fromthe single liquid
columm. Brief Description of Draw ngs

Alternatively the microfiuidic device may comprise fwo or more substrates with
each substrate machined so as to provide a component of the overall device.
For instance, a first substrate may include an open channel which when
engaged with a second substrate, said second substrate may seal the
microfluidic channel. The second substrate may then have apertures drilled or
moulded into said substrate which correspond to the open channel of the first

substrate so as to provide the vents to said microfiuidic channel.

It will be appreciated that, for the purposes of this invention, a liquid column is a
length of liquid within a microfluidic channel. This may include a discreet length
of possibly very short length with reference to the width and length of the
channel. A liquid column may also include a very long length of liquid within the
channel and may for the purposes of the invention be substantially considered

continuous.



It will be convenient to further describe the present invention with
respect to the acconpanying drawings that illustrate possible arrangenents
of the i nwenviwmw2ss@ her arrangenents of the invention areTpocsiopb@4and
consequently, the particularity of the acconpanying drawings is not to be
under st ood as superseding the generality of the preceding description of
the invention. Figure 1 is an exploded5view of a mcrofluidic device
according to one enbodi nent of the present invention; Figures 2A to 20 are
sectional elevation views of a method according to a further enbodi nent of
the present invention; Figures 3Ato 3D are sectional elevation views of a
nmet hod according to a further enbodi nent of the present invention;, 6

Fi gures 4Fo this éfddahe nsiecsfluthaterice \watomtiny tetie plesantievbatiormaryraliovg to a
further enbodi ment of the present invention; Figures 5A to 5D are secti onal

el evat i ommeifNg oP AigTBBAR @nGenhdiing difgié rhigrdifdic @RBAAEIEMNe Qévitde
present invention;
may also permit positioning of one or more liquid columns within the microfluidic
channel. The device may further permit the metering of a single liquid column

through isolating or dividing a liquid column from the single liquid column.

Brief Description of Drawings

It will be convenient to further describe the present invention with respect to the
accompanying drawings that illustrate possible arrangements of the invention.
Other arrangements of the invention are possible and consequently, the
particularity of the accompanying drawings is not to be understood as

superseding the generality of the preceding description of the invention.

Figure 1 is an exploded view of a microfluidic device according fo one
embodiment of the present invention;
Figures 2A to 2C are sectional elevation views of a method according to a

further embodiment of the present invention;

Figures 3A to 3D are sectional elevation views of a method according to a

further embodiment of the present invention;



Figures 6A to 6C are plan views of a nethod according to a still further
enbodi nent of the present invention; Figure 7 is a graph of flow rate

agai nst owertnelloexdsdt h for a m crofl ui di c devi ce accordi rgTiSG2a®o@rbodi nent
of the present invention. Detail ed Description Thus the present invention
provi des a cl ear advantage in the manipul ation of discreet liquid colums
within a mcrofluidic channel. Figure & shows a structure adopting the key
features of the present invention. Here a mcrofluidic device 5 is divided

i nto t hr gaguReh ARA4CrargRekteshidIewtion ewd &f albethdd addortingrie d oi ned to
create the mcrofluidic device. The first substrate 20 includes a groove 25

whi ch forfﬂﬁgérg?nﬁ()efrﬁéﬂt%‘fh%?mtl \}énttleﬁ finished device 5. The second

substrate frts onto t rst su strate 20, sealing the top surface of
t he channel 25 and incorporating several apertures being an inlet aperture
50 and three vents 30A, B, Cto facilitate the transfer of 7

Figures 5A to 5D are sectional elevation views of a method according to a

further embodiment of the present invention;

Figures 6A to 6C are plan views of a method according to a siill further

embodiment of the present invention;

Figure 7 is a graph of flow rate against channel width for a microfiuidic device

according to one embodiment of the present invention.

Detailed Description

Thus the present invention provides a clear advantage in the manipulation of
discreet liquid columns within a microfluidic channel.

Figure 1 shows a structure adopting the key features of the present invention.
Here a microfluidic device 5 is divided into three machined or mouided

substrates 10, 15, 20 which are joined to create the microfiuidic device.

The first substrate 20 includes a groove 25 which forms a microfluidic channel
in the finished device 5. The second substrate 15 fits onto the first substrate 20,
sealing the top surface of the channel 25 and incorporating several apertures

being an inlet aperture 50 and three vents 30A, B, C to facilitate the transfer of



gas to and fromthe channel 25. The third substrate 10 conpl etes the device
5 and provides ports corresponding to the apertures in the second substrate
15. To thwe 2end23m i nl et port 45 in the third substrat @CIBGeeMnespPoNds to
an inlet aperture 50 in the second substrate 15 for the introduction of
fluid to the channel 25. The three vents 30A, B, C correspond to conduits
40A, B, C so as to provide conmunicati @n between the vent ports 35A, B, C
An outl et port 55 corresponds to an outlet aperture 60 in the second

subst r at egdStesand fronother chamhel 256. ditd birdfsubstrate 10 gonpletes bhe dehieechannel
25. It will be appreciated that nmounted to the outlet vent 35A, B, C may be
val ves Orarﬁdilbkd\ﬂdé‘@ﬂ@ﬂ@bbﬁ@sééﬁddgﬁ&o e Q;bémreéee«r *u@@§e@t5nd B@bﬁﬁeﬂ@a@her e so
as to operate the vents 30A In an exanpl e of the operation of the
invention, Figures 2A, 2B and 2C show sequential steps in the positioning
of a quuid colum 85. Here the mcrofluidic device 65 has a nicrofluidic

channel 7. it vent n 70 to osi t.iv

negative ﬁ?&'g ggdplggpgrﬁgrg Hgé%ﬁgﬁ ﬁ%&é@[ﬁecor@(?@gﬁﬁgﬁwpﬁ t he vent
75 is a valve 80 w_hl‘i%h is s | ectively operable to open and cl ose the vent.

I n oper at ARRIYepRfLin thgesespn wpgtra? éi)fﬂrlthﬂ 'rt‘t@@qtlpﬁtﬂf(ilulﬁb’t%ﬁhﬁ to nove the
colum along the channel 70. In this case the vent 80 is opened and so

per ni t t i nghariel @6c aliwe hregaentstiil BfC chorespand tb cohduits 4%, Bh@ sprassur e
behind the liquid colum is sealed fromthe vent 75 by the liquid colum 85
and so cototproviele campiusication behwoed tisolenpetoBBA L BeCe hanbeatiet1drt 58
Subsequently the liquid colum 85 reaches and passes the vent 75 providing

a path fogorkdebdiasithi atfouRlc? BHUFBrd eo%tﬁégsééﬁﬂsmrai81ers%vgg£d ng further

novenent. The rel ease or escape of the gas precisely positions the liquid
col um 85 gly placenent of the vent
may be deS|gnedéﬁb?L%HBgﬁﬁfﬂp}alU|§pgmﬁé%%§ggg§ for a range of purposes

i ncl udi ng observation of the liquid colunmm or subjecting the liquid colum
to an external influence such as heat. Because of the selective operability
of the valve 80, the residence tinme of the liquid colum 85 in this

posi ti on it Wilhbe@rpsesiatedithamoratechto thermnist vanedbABE gorybewalvesraby t he
val ve 80 cl oses and so reapplies the positive pressure to the liquid colum
85 whi ch ftbing cenedingpudberceothbpdgvitée oc enatehosphere so as to operate

the vents 30A, B, C.

In an example of the operation of the invention, Figures 2A, 2B and 2C show
sequential steps in the positioning of a liquid column 85. Here the microfluidic
device 65 has a microfluidic channel 70 with a vent 75 connecting the channel
70 to a positive or negative pressure source or atmospheric pressure.
Associated with the vent 75 is a valve 80 which is selectively operable to open
and close the vent. In operation a positive pressure is applied to a liquid

column to move the column along the channel 70. In this case the vent 80 is
opened and so permitting the escape of gas ahead of the liquid column 85. The
pressure behind the liquid column is sealed from the vent 75 by the liquid

column 85 and so continues to push the liquid column along the channel 70.



Figures 3A to 3D show sequential views of a further enbodi nent of the
present invention. The intent of this enbodinent is to nerge two isolated
i quid covormsl/bis7 120 within a mcrofluidic channel 1@0T/SGhu®/080442

m crof | ui dic device 95 includes a vent 105 having a selectively operable
val ve 110. As before, a positive pressure 125 is applied to the

m crofl ui dic channel 100 so as to driv® two |iquid colums 115, 120 al ong
the channel. In this case, the liquid colums 115, 120 are separated by an
air gap 130 which prevents nerging of the two liquid colums. 9 As shown
in Figure 3A, the valve 110 is opened and thus the gas preceding the first

liquid cabypae il $hé ﬁh@ié&ﬂhﬁh%@%@ch@@ an8Hasd88 thd Post TPPIOVILIAS af O
Figure 3B until the first liquid columm 115 reaches a position inmredi ately

passed they ?rtthje?o e ikl 895 1dig @éc{gﬂ&%@%%\é&}ﬂn?u@gh@? air gap 130

is permt S perm colum 120 to
progress al on e hanne 100 an nove rel ative t rst liquid
ol o 115008 et CERE gz £h eseain P LIF 9e PireTystt perfenp esldif 128!
Event uaIIy, as shown in Figure 3C, the second |iquid colum cont acts the
first |i @ wﬂ@cﬁﬁjmm@ﬁ@t@w@ﬁs%m Ve d%‘arﬁwgb/ plaseraent ok the Yedi ti on

i mredi ately passed the vent 105. At this point the positive pressure is
abl e to ovapbe dexigndd within 2 icrofinidiadedvise G5rfongiragge bépuoged | i qui d
colum to a stop. As shown in Figure 3D, the valve 110 is then cl osed and

so rei nstiatiudihg bissgroatidn BPtheriRpsd E6luiborBllsiBctimyhér liguRs coloenmey ged | i qui d
colum 142 along the mcrofluidi c channel 100. Fi gures 4A to 4C show a

simlar agpbhRidmRntBeLeRsthdHtC BYcaULE of tHeYbiIetividtapérablitfepti

m crofluidic rc%anneln 150 w tsh venc %5 ooper at egl % r‘é ?ve 166.
valve 80, the residence time of the liquid column 85 in this position is precisely
controlled, as demonstrated in Figure 2C whereby the valve 80 closes and so

reapplies the positive pressure to the liquid column 85 which continues to

progress along the channel 70.

Figures 3A to 3D show sequential views of a further embodiment of the preéent
invention. The intent of this embodiment is to merge two isolated liquid columns
115, 120 within a microfluidic channel 100. Thus a microfluidic device 95

includes a vent 105 having a selectively operable valve 110.

As before, a positive pressure 125 is applied to the microfluidic channel 100 so
as to drive two liquid columns 115, 120 along the channel. In this case, the
liquid columns 115, 120 are separated by an air gap 130 which prevents

merging of the two liquid columns.



In this case the first liquid colum 160 is positioned to receive the
second liquid colum 155 which is driven by a positive pressure 170. Figure
4B shows wbeonmsgssd | i quid colutm 175 as the positive pressceeeseiapes 180
t hrough the open valve 166. Finally Figure 4C shows the closing of the

val ve 166 and so 10 reinstating the positive pressure 170 to drive the
merged |iquid colum along the nnicrofPuidic channel 150. Figures 5A to 5D
show a still further enbodi nent of the present invention whereby a

m cr of | ui As shdemiind-idud® 34 thevahget! G is qrersidsand/ tusstheigas prepédinglthéy of
liquid colums within the mcrofluidic channel 190. To this end three vents
195, 205, firdl hqwd @oR2Bh 118NE felbBsSP BREAgH EhalbmM () ARG LRGEs RRsed upon
the desired spacing of the liquid colunns 225, 230, 235. Thus the three

under pos EGE? %f‘?‘é‘éﬁ"?ﬁﬁ@#ﬂﬁ%nﬁ' gabhiss Hiresaldiihiihgaghapnel 190

ums "are separated by two air
gaps, 240, 245

, ich f i,s_not,d d. .The rof luidic
devi ce 18%3?339ddtg§ égbtg’@?é{\g] Fatgﬁénglq]r gé'ntt ec,adrrg%%g)tzﬂﬁésto t he
desired spacing.for a range of different appl i catl ons. The sequence begins
by cl osi n@e&nwge@mﬁacmog 5200 and the second val ve 210 and so positi oning
the first liquid colum 225 i mmedi ately passed the first vent 215. As air
is released fromthe gap 215, the second and third liquid colums 230, 235
conti nue down the mcrofluidic channel. Figure 5C then shows the opening of

t he seconthiglermitdthe wbtoid HGvidscailran S@0aodbrbysshiced theckaithetlbows t he
rel ease 260 of gas fromthe second air gap. As the second liquid colum is

now st at i gAREY mble math%%erfﬁéﬂquﬁj e AR |tfédrﬁﬁ1ulé§|té(%e7cﬁf9/eh5 open_or
cl osed as the spacing between the first and second 1 quid colums 225, 230
will oy em5‘by tﬁéjﬂéélﬁvné pressure 125. Eventually, as shown in Figure 3C, the second

liquid column contacts the first liquid column whereupon the liquid columns

merge at the position immediately passed the vent 105. At this point the

positive pressure is able to escape 140 through the vent and so bringing the

merged liquid column to a stop. As shown in Figure 3D, the valve 110 is then

closed and so reinstating the positive pressure 125 which now drives the

merged liquid column 142 along the microfluidic channel 100.

Figures. 4A to 4C show a similar application whereby a microfluidic device 145

includes a microfluidic channel 150 with a vent 165 operated on by a valve 166.

In this case the first liquid column 160 is positioned to receive the second liquid
column 155 which is driven by a positive pressure 170. Figure 4B shows the
merged liquid column 175 as the positive pressure escapes 180 through the

open valve 166. Finally Figure 4C shows the closing of the valve 166 and so



11 Finally Figure 5D shows the effect of opening the third valve 200 and so
positioning the third liquid colum inmediately passed the third vent 195.
Thus it osi02ba/sesn by sel ectively opening and cl osi ng Ph&/SGa009®80442 he
three liquid colums can be precisely placed. To maintain the air gap and
progress the liquid colums down the mcrofluidic channel is only necessary
to sinultaneously close the three val i@s and so re-engage the positive
pressure 250. Figures 6A, 6B and 6C show a still further application of the

present ir@m%tﬁtingrthewsﬁivtefmea'wr!éoﬁmiookﬂrweim@ ergotDliduid @eRingmeaibrigo di vide a
liquid colum 290 into two precisely neasured |iquid colums 325, 330. The

m cr of | “!tﬂé%igfb\flpfcﬁc %%n,i]é]cllggjes a mcrofluidic channel 275 having an inl et
rst outle

276, a fi u and a second outlet 300. A positive pressure 310 is
selectively applied to the channel 275. In this instance, the channel 275
has a vent 280which is connected to a positive pressure valve 285 capable

of introducing a positive pressure to the channel 275. As shgwn in Figures
6A to 6C Figuresgf ip el shaw B4l i?‘é"”i‘?ftefrﬁé%&'glfﬂtﬁ’? &g Reesent invention ?

whereby a microfluidic device 185 is arranged to precisely position a plurality of
liquid columns within the microfiuidic channel 190. To this end three vents 195,
205, 215 are positioned in spaced relation to each other based upon the desired

spacing of the liquid columns 225, 230, 235.

Thus the three liquid columns 225, 230, 235 travel along the microfluidic
channel 190 under positive pressure 250. The liquid columns are separated by
two air‘gaps, 240, 245 which are of a size that is not desired. The microfiuidic
device 185 is designed to adjust the air gap so as to correspond to the desired

spacing for a range of different applications.

The sequence begins by closing the third valve 200 and the second valve 210
and so positioning the first liquid column 225 immediately passed the first vent
215. As air is released from the gap 215, the second and third liquid columns
230, 235 continue down the microfluidic channel. Figure 5C then shows the
opening of the second valve 210 which stops the second liquid column and
allows the release 260 of gas from the second air gap. As the second liquid
column is now stationary, it no longer matters whether the first valve 220 is
open or closed as the spacing between the first and second liquid columns 225,

230 will remain constant.



12 beyond the vent 280, the positive pressure 310 is stopped and the inlet
276 closed. This stops the liquid colum 290. A positive pressure 315 is

t hen applwedotiseisgh t he vent 280 whi ch separates the | ipquisd2eoionma2i nt o
two distinct and discreet liquid colums 325, 330. In this instance the
first outlet 305 is closed. Consequently the first liquid colum 330
travels into the outlet channel 295 wh&¥ eupon the outlet valve 300 is
closed. The first outlet 305 is opened and the positive pressure 310
reapplied with the vent val ve 285 closed and so the second liquid colum
325 continues along the mcrofluidic channel 275 towards the output 305.

Thus by ﬁHWaﬂﬁ'F?gUr@fﬁD)Ehé\mth@@ﬁécﬁéﬂbﬁwﬁriqiihe\/mhrﬂ%l\fé’m@ BRAdEecr of | uidic
devi ce 270 e original colum is precisely divided into two liquid

col umms. ?&élfl@ﬁiﬁ RO ARG cB urﬁﬁ%ﬂ{}e@?ﬁg%ﬁ&‘é‘éetth@@ |"(?qgnttf)§ ertain

design criteria |ch may assi st in acture nircr uidic

devi ces using the present invention. For instance, it will be seen in
Figure 6A to 6C that the width of the air vent opening 281 nay be |arger

t han t he dth 277 of the channel 275 whi ch may avoid the formation of a
liquid fiFYSitcen hegeen By salechveinnrapingandg slosing henalvendhe thyeed il m
formation may not be desirable as it may close the air vent which may cause
the |i quiinudicalmnecanybpuseeiselymiaced asvaiathiotherairgepi andpragresposi ti on
as shown in Figure 6B. Further the length 282 of the air vent 280 should

i deal | y bthedigjdidcglinas ¢ossithd emiagfiuilid ochaws ¢ bhﬁ rfevesityan of a liquid
film
simultaneously close the three valves and so re-engage the positive pressure

250.

Figures 6A, 6B and 6C show a still further application of the present invention.
Here the microfluidic device 270 is designed to divide a liquid column 290 into

two precisely measured liquid columns 325, 330.

The microfluidic device 270 includes a microfiuidic channel 275 having an inlet
276, a first outlet 305 and a second outlet 300. A positive pressure 310 is

selectively applied to the channel 275.

In this instance, the channel 275 has a vent 280which is connected to a positive
pressure valve 285 capable of introducing a positive pressure to the channel

275.

As shown in Figures 6A to 6C, a liquid column 290 is introduced into the

channel 275 through the inlet 276. When a precise amount of the liquid extends



13 Simlarly the length 282 and width 281 of the air vent may be as |arge
as possible to avoid the liquid colum being pushed into the air vent and
consequenwbyoilleads7f rom t he mai n channel 275. Further tRreTISengwho@82 of the
air vent should be smaller than the | ength 283 of the |iquid colum.

Further still, the velocity of the liquid colum may be limted so as to
not push the colum out of the air vel. In certain enbodi nents the

vel ocity may depend upon the width of the air vent as well as the |ength of

the |iqupdysmd tHEvaérs Z800e positihe passttiie Bf 0Fs gtopped amteihe int @6ty is
represented as flow rate against width of the air vent for three |engths of

the 1iqupsegl Y gfopl-tREMHURTEBIGRR 2o Mpositite Praébdlire 315 isAhghcrof l ui dic
devi ce conprising;

applied through the vent 280 which separates the liquid column into two distinct

and discreet liquid columns 325, 330. In this instance the first outlet 305 is

closed. Consequently the first liquid column 330 travels into the outlet channel

295 whereupon the outlet valve 300 is closed.

The first outlet 305 is opened and the positive pressure 310 reapplied with the
vent valve 285 closed and so the second liquid column 325 continues along the
microfiuidic channel 275 towards the output 305. Thus by manipulation of the
input and oﬁtput valves for the microffuidic device 270, the original column is

precisely divided into two liquid columns.

Further embodiments of the present invention lead to certain design criteria |
which may assist in the manufacture of microfluidic devices using the present
invention. For instance, it will be seen in Figure 6A to 6C that the width of the
air vent opening 281 may be larger than the width 277 of the channel 275 which
may avoid the formation of a liquid film after the liquid columns pass the air vent.
The liquid film formation may not be desirable as it may close the air vent which
may cause the liquid column being pushed forward instead of maintaining its

position as shown in Figure 6B.

Further the length 282 of the air vent 280 should ideally be as large as possible

again to avoid the formation of a liquid film.



a mcrofluidic channel; a vent arranged to selectively introduce or rel ease
gas fromsaid mcrofluidic channel so as to selectively vary the relative
posi ti on wO 2adjmesmnt | i quid colums within said mcrofl ecaisG2etanngt . 2.
The m crofluidic device according to claim1l wherein the vent is a first
vent and further including a second vent. 3. The mcrofluidic device
according to claim2 further includind3a third vent. 4. The mcrofluidic
device according to claim2 or 3 wherein adjacent vents are in known spaced
relation. 5. The microfluidic device according to any one of clains 2 to 4
wherein

Similarly the length 282 and width 281 of the air vent may be as large as

possible to avoid the liquid column being pushed into the air vent and

consequently, leak from the main channel 275.

Further the length 282 of the air vent should be smaller than the length 283 of

the liquid column.

Further still, the velocity of the liquid column may be limited so as to not push
the column out of the air vent. In certain embodiments the velocity may depend
upon the width of the air vent as well as the length of the liquid column as
shown in the graph of Figure 7 where velocity is represented as flow rate
against width of the air vent for three lengths of the liquid column of 1.5mm,

3mm and 4.5mm.



each vent is associated with a valve arranged to provide the selective
I ntroduction or release of gas. 6. The mcrofluidic device according to
claim5 whereimez&r7d val ve is distal fromthe associ at e@CT®62009/08&4Y. The
m crof | ui di c device according to any one of the preceding clains wherein
the vent is connected to a positive pressure source so as to introduce gas.
8. The mcrofluidic device according tB any one of clains 1 to 6 wherein
the vent is connected to a negative pressure source for the rel ease of gas.
Claims:

1. A microfluidic device comprising;
a microfiuidic channel;
a vent arranged to selectively introduce or release gas from said
microfluidic channel so as to selectively vary the relative position of

adjacent liquid columns within said microfiuidic channel.

2. The microfluidic device according to claim 1 wherein the vent is a first

vent and further including a second vent.
3. The microfiuidic device according to claim 2 further including a third vent.

4. The microfiuidic device according to claim 2 or 3 wherein adjacent vents

are in known spaced relation.

5.  The microfluidic device according to any one of claims 2 to 4 wherein
each vent is associated with a valve arranged to provide the selective

introduction or release of gas.

6.  The microfluidic device according to claim 5 wherein said valve is distal

from the associated vent.



9. The nnicrofluidic device according to any one of clainms 1 to 6 wherein
the vent is connected to anbi ent atnosphere for the release of gas. 10. The
m cr of | uiwoeod@sezse accordi ng to any one of the precedi RgTSIGRIYMOG44L t her
including an outlet connected to said mcrofluidic channel for the rel ease
of said liquid colums. 11. The mcrofluidic device according to claim210
wherein the outlet is a first outlet &d further including a second outl et
such that the two outlets release different liquid colums. 12. A nethod

for varyimg thge rfbfilic BEViLE iaeBoRfind@ @ anedhe lof tié Bravelditgdlaims hi n a
m crofluidic channel the nethod conprising the steps of: providing a vent

|0 osald m crojhdidh ;ﬁqq%{?%m@coﬁﬂgc@ h@%%&&ﬁ@é bi¥SsOREIEs % dePlorasi ng gas

i nternedi ate sal col'ums throu sai d vent. 3. The net hod
according to claim 12 wherein the varying step includes the step of merging
said liquid cBQAHES OBPough the rel ease of gas intermediate said |iquid
colums until said liquid colums are in contact. 14. The nmethod accordi ng
to claim 12 wherein the varying step includes the step of diverging said

l'i quid colums through the introduction of gas internmediate said |liquid

col umms. 8. The microfluidic device according to any one of claims 1 to 6 wherein the

vent is connected to a negative pressure source for the release of gas.

9.  The microfluidic device according to any one of claims 1 to 6 wherein the

vent is connected to ambient atmosphere for the release of gas.

10. The microfiuidic device according to any one of the preceding claims
further including an outlet connected to said microfluidic channel for the

release of said liquid columns.

11. The microfluidic device according to claim 10 wherein the outlet is a first
outlet and further including a second outlet such that the two outlets

release different liquid columns.

12. A method for varying the relative position of adjacent liquid columns
within a microfiuidic channel the method comprising the steps of:
providing a vent in said microfluidic channel and selectively introducing or

releasing gas intermediate said liquid columns through said vent.



15. The method according to claim 12 further including the step of netering
a single liquid colum through introducing a gas into said liquid colum so
as to sepapava/ishis7si ngle liquid colum into two |iqui dpcolseaumoodd2 The
met hod according to claim 12 wherein the vent is a first vent and the
providing step further includes providing a second and third vent, said
vents arranged to selectively open orlgeal said mcrofluidic channel, the
met hod further including the steps of: sealing the second and third vents

and openinRg t1ige frigtiidd ¥8ESrdinY ol clgint 1 2 Sthdremuhe \eplingTstés inshedsdhehe first
vent, and then: releasing gas internediate the first liquid colum and a

jand then: | gas i i qui d a
second 11 qui a0l ibrb M sai@ R EbIGHAS AFCRGH HE Ml df ghal d second |1 qui d

colum is pa rel easi'ng gas 1 nterfredi ate the second
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14. The method according to claim 12 wherein the varying step includes the
step of diverging said liquid columns through the introduction of gas

intermediate said liquid columns.

15. The method according to claim 12 further including the step of metering a
single liquid column through introducing a gas into said liquid column so

as to separate the single liquid column into two liquid columns.

16. The method according to claim 12 wherein the vent is a first vent and the
providing step further includes providing a second and third vent, said
vents arranged to selectively open or seal said microfluidic channel, the
method further including the steps of:
sealing the second and third vents and opening the first vent until a first
liquid column is passed the first vent, and then:
releasing gas intermediate the first liquid column and a second liquid
column then;
opening the second vent until said second liquid column is passed the
second vent and releasing gas intermediate the second liquid column and

a third liquid column, then;



17. The method according to claim 12 further including the steps of:
providing a first outlet and a second outlet in the mcrofluidic channel;
provi di ngvea 28i1mgk#71 i quid col utm in the m crofluidi ¢ chaomsiG2oqrogressi ng
the single liquid colum until a predeterm ned portion of the single liquid
colum has passed the vent; introducing gas into the mcrofluidic channel
so as to separate the single liquid cdfum into a first liquid col umm
downstream froma second |iquid colunmm, said |iquid colums separated by an

ai r gap i ntrogperadg e thitcheeniamtil sami thirdiliguisocditieinsis pasded sqidi thirdol umm
stationary; progressing the first liquid colum toward the first outlet
t hrough mai ntgifi ng the introduction of gas to the mcrofluidic channel;
st oppi ng the Introduction of gas, and then progressing the second |iquid
colum to the second outlet.

17. The method according to claim 12 further including the steps of:
providing a first outlet and a second outlet in the microfluidic channel;
providing a single liquid column in the microfluidic channel;
progressing the single liquid column until a predetermined portion of the
single liquid column has passed the vent;
introducing gas into the microfluidic channel so as to separate the single
liquid column into a first liquid column downstream from a second liquid
column, said liquid columns separated by an air gap introduced from the
vent;
maintaining the second liquid column stationary;
progressing the first liquid column toward the first outlet through
maintaining the introduction of gas to the microfluidic channel;
stopping the introduction of gas, and then progressing the second liquid

column to the second outlet.



