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Measur enment and Met hod for Measuring I nterfacial
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to mcrofluidic sensor for interfacial tension

measur enent and nethod for measuring interfacial

tension and relates particularly, through not

excl usively, a mcrofluidic device and nethods for
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is required. In the second nethod rface tension is

B’roportl onal to capillary pressure whi ch can be

e asBackgrotind ¢x tHeynweintibon a pressure sensor. The third

nmet hod neasures gravity rise or size of a droplet

after detachnent. In the fourth nmethod, the shape of

t he M gowetin Figurgi s kepremedsyresient metbodsepditefaciphignsion can be

gr avpliced infRagkoupsig t he geometry of a pendant drop
ﬂgel ows th det er m nat.j on of ﬁ@,{face tension. For this

asurems ECRTRYEM L SRR MU NG conput er

eval uati omeawrelrrmed@«tapmﬁmeprsqwmm ng drop technique

eval uat.esar{apdeg*ct%hﬁggsr%bgoltﬁgm@s drop and needs a CCD

camera. Bes techniques, there is interest in
i nt er f &ci @pvity digoriehdae9dr enent of snal|l sanples. The

study of leptsbamestonlory@py small particles and in
%Lnel y di spersed systens IS mcro tensionetry. The

in application fields of mcro tensionetry are
cri ninrilag frgymethods Isaipce dersiop iameasteast diveally byi atorse sensor.  Such

r eacyQleths udd'8 plaor a ring of platinum-iridium alloy or platinum. The plates and
rings have of standard dimensions, thus no calibration is required. In the second
method, surface tension is proportional to capillary pressure, which can be

25  measured directly with a pressure sensor. The third method measures gravity rise
or size of a droplet after detachment. In the fourth method, the shape of the droplet
is distorted by surface tension and gravity. Measuring the geometry of a pendant
drop allows the determination of surface tension. For this measurement method, a
CCD camera and computer evaluation is needed. The spinning drop technique

30 evaluates the distortion of a drop and needs a CCD camera.

Besides these techniques, there is interest in interfacial tension measurement of
small samples. The study of interfaces of very small particles and in finely
dispersed systems is micro tensiometry. The main application fields of micro

35 tensiometry are criminology, biology and pharmaceutical micro reactors. The two
methods currently known for micro tensiometry are:-

(a) micropipette technique; and



met hods currently known for micro tensionetry are: -

(a) mcropipette techni que; and(b) atomc force
wonR@eossoopy. These are shown in Figure 2. |n tP€I/SG2006/000038

m cropi pette technique of Figure 2(a), a droplet is

first captured at the tip of & mcropipette. Uilizing

the radi an of curvature on both sides of the dropl et

as shown in Figure 2(a)A, the surface tension can be
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handqirpmg As such, evaporation is a problem. Furthermore, the measurement is
expensive and requires dedicated equipment. The bubble generation system is

25  limited by the gas/liquid system of an aqueous sample.

It would be of advantage to be able to measure interfacial tension of micro droplets
and bubbles in a simple configuration utilizing microfluidic technology. This should
enable:
30 ¢ asmall sample size, higher accuracy, and faster results;
s interfacial tensions of all immiscible systems (both liquid/liquid and
gas/liquid);
e lower cost and easier handling
e be suitable for hand-held systems and portable field measurements; and
35 ¢ an integrated “lab-on-chip” device with a microchannel and optical wave
guides is possible.



be suitable for hand-held systens and portable field
measurenents; and an integrated "l ab-on-chip" device
waaok/ogs7pé cr ochannel and optical wave gui des iBCT/SG2006/000038
possi bl e. Summary of the Invention In accordance with a
first preferred enbodinent there is provided a
m crofluidic sensor conprising: (a) a first inlet
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channel of a microfluidic sensor, the method comprising:

20 (a) forcing a first fluid along a first inlet and into the measurement
channel;
(b) forcing a second fluid along a second inlet and into the
measurement channel to form the at least one droplet;
(c) using a signal source system to provide a source signal and a
25  signal detection system to detect the source signal;
(d) recording physical characteristics of the at least one droplet in the
measurement channel by using the signal source system and the signal detection

system.

30  The first inlet channel, the second inlet channel and the measurement channel may
be in a substrate. The first fluid may be air and the droplets may be air bubbles.

The signal source system may be a source wave guide, the signal may be light, and
signal detection system may be a detection wave guide. The source wave guide
35 may be a source optical fibre, and the detection wave guide may be a detection
optical fibre. The source wave guide and the detection waive guide may be in the

substrate.



The signal source system may be a source wave gui de,
the signal nmay be |light, and signal detection system
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According to a third preferred aspect there is provided a tensiometer module
30  comprising a receptor for a microfluidic sensor as described above, the receptor
comprising electrical and optical connections for the microfluidic sensor and one of:

a microcontroller and a digital signal processor.

According to a fourth preferred aspect there is provided computing apparatus
35 comprising a tensiometer module as described above, and a screen. The

tensiometer module may be removable.



a mcrocontroller and a digital signal processor.

According to a fourth preferred aspect there is
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nodul e as descri bed above, and a screen. The

tensi ometer nodul e may be rentvabl e. Bri ef Description

of the Drawings In order that the present invention

may be fully understood and readily put into practical

ef f egfier Jedbfition i the iaWidye described by way of

non-limtative exanple only preferred enbodi nents of

the present invention, the description being with
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net hetseret tonthe acotnpasingriestrative fiagiogpe 3 i S an
illustration of three flow regines of droplet
formation in a mcrochannel; Figure 4 is a schematic

i |1 uSthedrP¥RIHf a preferred enbodi ment of a

m crofluidic device; Figure 5 is an illustration of
4. Fig . . .
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i 1luS count req
f or maicrashannek gure 9 |s a graph of the frequency of a

o5 opFiglire f DN EERMaAS illastfHBIE bi 8 PrédérreaiUshisinddit of a microfluidic
concentration; Figure 10 is a normalized graph

corr&&f6nding to that of Figure 9; Figure 11
i | | uBigyraBdssart itustrativanftour genupoogsitseaf Fima?pde at the sane

fl ongipat @ igiwe et,éauat.hﬁ oﬁhéﬁﬂ%éllyl datestati 5RRLIAH (a) pure water, and (b)
ure lustrates the signals from

concent [ g}t{lg on; %(?
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20 opFigtre 3 liagperaplodf thea fgrauency bf drbplefdoreali@h asl d fusdtipaoidlowtréte;
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Figure 9 is a graph of the frequency of a droplet formation as a function of
surfactant concentration;
Figure 10 is a normalized graph corresponding to that of Figure 9;
25  Figure 11 illustrates the change in droplet shape at the same flow rate due to the
changes in surfactant concentration;
Figure 12 illustrates the signals from the optical detection system corresponding to
the droplet shapes of Figure 11;
Figure 13 illustrates the method of counting the period of the droplet/bubble
30 formation;
Figure 14 are graphs of recorded signals from the optical sensor, (a) being the
original time signal, and (b) being the time differential signal;
Figure 15 is a graph of maximum values of time-differentiated signals on both sides
of the droplet as a function of surfactant concentration;
35 Figure 16 is an illustration of air bubble formations inside the measurement

channel;



formation; Figure 14 are graphs of recorded signals

fromthe optical sensor, (a) being the original tine
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Figure 15 is a graph of maxi mum val ues of

tinme-differentiated signals o6 both sides of the

droplet as a function of surfactant concentration;

Figure 16 is an illustration of air bubble fornmations
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the chem cal industry and for biochem cal analysis.
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interfacial tension (represented by the capillary number Ca).

25
To refer to Figure 3 the formation of droplet is shear-induced detachment. The
balance of forces determines the final drop size at the end of the droplet growth,
which is at the moment of detachment. The droplet size Ve and the volumetric
flow rate of the sample Q'samp]e determine the frequency of formation:

30 S = Ouunpte Varopiet M
The following forces may contribute to the detachment balance:
Drag force on droplet: F_, =%CDp u Admplet (2)
Interfacial tension force: F ..o = CsOMD;ection (3)

35  Inertial force of the droplet: F_ . = PVyopier du (4)

dt



which is at the nonment of detachnment. The droplet size
droplet and the volunetric flow rate of the sanple

W@ a0vplogs7oet er mi ne the frequency of formation: PCEHSGIMO6/600038
/ ropl t (D The followi ng forces may contribute to the
det achnent bal ance: Drag forc€ on droplet: drag = -
CDp2u2AnpH 2 (2) Interfacial tension force: nterfacial
= C spDinjeotion (3) Inertial force of the droplet: Fi
Itial = p droplet ~ (4)M tumforce: noraentum= p
(5) MBineftlimGscdUDYancy= meehuoyancy g)dropl et
(pcaitier - p)g ("'é'senmﬂlon%n@lnj@&ﬁr/és: CD :E&r ag
coefficient u: carrier flow velocity and dropl et
vel ogj Yolal . pLej ectied ar of thegsydropl et
dr oplgaé(%yxr?é}\fgp%?é“"ﬁﬂ”yt PPy daﬁ‘l"et@%s ; co?‘sr)ecti on factor

f§)r ﬁurfa? ur(tase_nsi on force, depending on the injection
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f1 ow“rat e’ G"Y S};W‘ééé?ﬁ%%%" c%@‘f%?’eﬁ?}téﬁl unetric flow rate

of t Heoear PPIgFCGar2a gifpedroplet ¢ i o wr a e 0 p :density
of t Hg.usanylumnd of heidopRdarri er : density of the

GRArricgr |1 abtrediich fac@f B dumthdeORAMioPfRFR QEFHNIAG oh the injection
i nt eg,f (11%rohp&.§ég(bob)etween sanple liquid and carrier

Liqui miection - Nydraulic diameter of the injection channel

Ogmpte :vOlumetric flow rate of the sample
Q.omier  Volumetric flow rate of the carrier

15 o= Qsample / Qcarrier : flow rate ratio

p :density of the sample liquid
Peamier - density of the carrier liquid
g : gravitational acceleration
o : interfacial tension between sample liquid and carrier liquid
20 '
In the microscale, surface effects dominate over volume effects. Thus, all forces
related to droplet volume and mass such as inertial force (4), momentum force (5)
and buoyancy force (6) are negligible. The force balance is reduced to the two
components of drag force and interfacial force, which are both surface forces:
F::lmg = F interfacial
1 . 29 2
25 E Dp u Adroplet = CSGEDinjection (7)
1 |2C
Adroplet = p_u \/ _C,—.SL nDinjection G
D
Assuming that the droplet is a sphere with a diameter of the carrier channel D, .,
the projected area and the volume of the droplet are:
2
Adroplet = n‘Dcarrier / 2 (8)
3
Vdroplet = nDcarrier / 6
30 or
Vdroplet = AdropletD carrier / 3 (9)

Substituting (9) in (7) results in:



In the mcroscale, surface effects dom nate over
volunme effects. Thus, all forces related to droplet

wo odoanes7end mass such as inertial force (4), nMRCESGR06/000038
force (5) and buoyancy force (6) are negligible. The
force balance is reduced to tBe two conponents of drag
force and interfacial force, which are both surface
forces: Fdrag = Fi.nterfacial Assum ng that the
droplet is a sphere with a dianeter of the carrier
channel >c the projected area and the volune of the
dr opl et arﬁ Cgroplet drepl et Yor droplet =
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11, channels 41, 42 are a sample inlet 41 and a carrier fluid inlet 42. After the junction
43 is a measurement channel 44. The measurement channel 44 may be of any
suitable length size and shape. It may be straight (as shown), curved, serpentine or
the like. The carrier fluid is fed directly into the measurement channel 44 from inlet
20 42, while the sample joins through the smaller inlet channel 41. Downstream of the
measurement channel 44, at least one, but preferably two optical wave guides 411,
412 are positioned across the microchannel 44 for detecting the formed droplets.
The optical wave guides 411, 412 are preferably optical fibers, and are axially
aligned across the micro channel 44. The wave guides 411, 412 can be integrated
25  optical guides in the chip or hybrid-assembled optical fibers. Optical fiber with a
core diameter of 105 um may be used. The optical wave signals 411, 412 are

preferably at least substantially identical.

The microfluidic device 40 may be fabricated in any material: silicon, SU-8, PDMS
30 or PMMA. The microchannels 41, 42, 44 may be machined into the substrate 45
using a CO, laser.

The microchannel 44 may have a typical Gaussian shape (Figure 5(a)). Dimensions
of the channel cross-section such as width and depth depend on the laser power
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25  frequency of droplet formation.

The optical detection system is based on measuring the transmission of a laser
beam across the measurement channel 44. The system comprises an emitting
sub-system to emit a beam that illuminates the channel 44 and a light detection

30 sub-system measuring light on a limited surface. A laser diode 49 and the optical
fiber 411 may be used as the emitting sub-system, and optical fiber 412 coupled to
a photo detector 410 may be used as the detecting system.

An alternative arrangement could use waveguides integrated with the fluidic device
35 instead of optical fibers to channel the light in and out of the channel 44, allowing
the distribution of light over different measurement sites.
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vol %nd tﬁé L&ﬁalto%te\é@t}ned'onée%t ge%cr%%d above in relation to Figure 4 and 5, it
is possible to realize a closed loop control system with integrated micropumps for
precisely generating liquid droplets or liquid plugs. This has potential in making
30  compact droplet-based “labs on a chip”.

The frequency of droplet formation and the shape of the droplets depend on the
flow rate of the sample, and the concentration of the surfactant. Figure 6 shows the
typical signals of the optical detection with a sample flow rate of 50 ul/hour, the

35 detection being by use of the optical fiber detection system 49, 411, 412, 410.
Decreasing the surface tension increases the formation frequency. However, the
signal is distorted at high flow rates due to tiny satellite droplets.
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determined by the interfacial tension. The shape change can be easily detected by
the measured signal. With a high interfacial tension, the difference between the

30  advancing and receding sides of the droplet is minimal. The difference increases
with decreasing interfacial tension. The droplet transforms into a “bullet-like” shape
(see Figure 11). The difference between the two sides can be evaluated and used
as a measure of the interfacial tension. Measuring the time period of droplet/bubble
formation is by determining the time between two rising edges of a signal. If the

35 recorded signal rises above a threshold voltage, a timer (stand-alone or integrated
in a microcontroller) starts counting. The timer stops counting of the signal rises
above the same threshold again as is shown in, Figure 13.
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carrier fluid channel 42 is for the sample to be measured. Both air and sample flows

are driven by a syringe pump. The syringe for air may be a 0.25 mL syringe, while

that for the sample may be a 1mL syringe. The volumetric flow rate ratio between

air and sample flows is kept at 1:4. Figure 16 shows the typical bubble formation
35 inside the microchannel 44.



of interfacial tension. Figure 15 shows the eval uation
results of the tinme-differential signal. The curves
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30 interconnects to the device 40.

(b) a stand-alone device 205 with its own CPU or microcontroller, the data is
displayed directly on the device LCD display 206. The insertion mechanism
for the microfluidic device 40 and components are the same as in Figure
20(a).

35
Figure 21 depicts four different configurations of the sensor chip:



measured using a tensioneter such as, for exanple,
FTA200 (First Ten Angstrom). The neasured frequency
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Figure 19(b). The flow rate was 3 nL/hours. The CMC
(Critical Mcelle Concentrati®n) of a surfactant can
be determ ned by obtaining the correlation of the
surface/interfacial tension versus surfactant
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and forces both I [ qui ds int o t he neasurenent channel
2104_with_g c f owr t gui, de
o105 PR RllpY R bnceRutBbr dn " Be7 o 2Rl HE.Se! Hifared
chanmitoprhpst 21 OBhge oxsh@ for cptnpleadeliveay 8 hg Iigrogumpte2 t08keay be
t he éHeBRbIvE O lﬁ‘ﬁbso pﬂe'rlgt@lltlc SRR VAkOeds plibs, MeehiBga? Odumps,
25

. I'n case edance detection
electroosmotic pumpnglectrohydro ynamic pump’and so forth. The pumps 2109
may be equipped with flow sensors for keeping the flow rate constant. Control

signals for the pumps 2109 come from the tensiometer module 201, 205.

Figure 21(d) Similar to configuration in Figure 21(b), but the chip 2100 has two
30 integrated micropumps 2109 in the same manner as Figure 21(c).

Figure 22 shows a tensiometer module 201, 205. The central component of this
module 201, 205 is a microcontroller or a digital signal processor.

35  In case of optical detection, the module provides a light source 2202 and an optical
sensor 2203.



optical guides are replaced by el ectrodes. In case of

air/liquid system one reservoir 2101 is left enpty
w@eas/094180 ext er nal punp supplies air into the PCj/BGL0M00038

channel . The liquids are collected in a waste

reservoir 2107. The chip 21005is ready for disposal

after nmeasurenent. Figure 2 1(b): Simlar to

configuration in Figure 18(a), but there is no need

for ddﬂﬁol%n‘a@@%ﬂ‘@&e(h& Bure 9284 QR Ao rﬁ&r@&)ntrblfer ';’Zb(ﬂ Sidnals

or  GPAZER e P s BB L lomnl o oy PRl St o
can evaugtbdinettie diiaraontroflen?R0t hdVini theserintegrpied imiesomginthe 2109,

of %QIQ 8booZrdOfle mickSpuB ZZOQL&G }rom%é%icﬁ)brdcé’ssor

configuration in Figure 2 1(a), but two integrated
Mi cropunps 2109 are used for sanple delivery. The
mi crlopeasp sof 2d@Bnategunipinge Hee knatlulee  praviges a2 penii mm 22@4 for

punﬂﬁessﬁf@}vgﬁjuﬁls&pﬂlyqpﬁwe SRR TchfoUGRe niiBBSp 2204 may be ln the
el ectroosnoti ¢ punp, el ectrohydrod f“ dd

F or (1AM PhEoTyaHBEa hBS-tRG MEVL QLifpEAl ST PTG, Crver by 3
sensstdpperd @totdieBpioreg michaurérhanly that syriogess vauld .beCaithdrain to a

i g e punps 2 109 cone fromthe tensioneter
%Ddu%gl%?é%gs"ﬁ%%. Figure 2 1(d) Simlar to

configuration in Figure 2 1(b), but the chip 2100 has

}: Vo Amhw@t?ﬂ M@rsqunw 1808 chip 21be teasm®t ZEO0MTering duidic,
i gu ur ' f I

oS s koo L L el OB REL PR oo

205 rhisrogontrolar 82rie ﬁ@?¢f§r206r20§ di gital signal

f3r ocessor . I n case of opti cal detection, the nodul e

pr ovi. des source .22 nd an e

220 \?3 8o v%qb% 8?%09%265'1 08? contro(?IQc‘i gét%ger‘?t d%%gﬁser 2300
m c rw:thomswbn 210020 two BlgnsR2042 2097 fcfr recrrrﬁnsi Hiee eipei ©awashing
Sensfy [udgzﬂ% Qéhrsors Qﬁf@abr%waé’so &fcfrr’h@tmnt Jélfbufl apaehklibivion or CMC

sens eval ua
n(%( &F@ 'C?Il‘?tc@é’? r@%onbrpf f %B?ﬁ%gg li e m"ﬁ?}cﬂ‘%‘%fﬁ%?&" uses
ioo r thisenfoingation torporrbD headaterpend m:aph@semzee‘o pirhisc e@went, caprpe

C as eint%érg@ﬁ 12 5 B mREEP WA hing mgcfméCkH |s@%e BEtEY Eérﬂ ©382 Bhdprotect
for pressure/vacuum supply to the sensor

ch| pthefffl‘?’émfﬁ“?ﬂ punp 2204 may be in the form of
conventi onal check- valve punp, or a small syringe punp

d ri Ve é%fe?reﬁ? %ﬁ'@&ﬂl‘he 5w tIEéeFagf @e ﬁ’éi'lf)ﬁ R Riymanti® Shterfacial

ri nge ?osnlon Anb
? setP'E'ﬁ'thOfs? duig/apys ﬁ@tem d%/lad@%P/'NB'P Styﬁtémch be S1B 0 §aRePe
sl ot deditAéy hav disgbshbleli @heC and easily be integrated in a more complex

microfluidic system. Besides the advantage of a fast analysis, a handheld
measurement device with this sensor has the potential to replace all current
desktop system for determining surface tension in, for example, the petroleum
30 industry. Surface tension, contact angle, and CMC (Critical Micelle Concentration)
of a surfactant play an important role in the displacement of oil from the pore
spaces of sedimentary rocks, in wetting and dewetting of oil from sand grains, in
dewatering in refinery plants, and separation and flotation in oil recovery.
Feedback-controlled detergent dosing for washing machines is another use.
35
Whilst there has been described in the foregoing description preferred
embodiments of the present invention, it will be understood by those skilled in the



optical and/or an electrical inter connects.
Measurenent results 221 1 are sent from
worz@soeomi rol | er 2201 to screens 203, 206. Fi geeBESQ@B06/000038
shows the concept of a close-l1oop controlled detergent
di spenser 2300 with a sensor 00 and two punps 2204,
one for air and the other for washing |iquids. The
sensor 2100 provides information about surface tension

or Cwawr(oﬁgy bér@aﬂneMrﬁelnla@ @maﬁ‘cmstor &IoUﬂéb)horﬁlaf in ldBRil3Nerdakig or
i qu tlo 6000 ew1 ut n § r serﬁ. nvgr]:tlgr mat i on
to c%%’ﬁ”bﬁ '{'ﬂ%y del et ge ? éi’le% r?s 8T HAYE c%ncept

can be integrated in a conmercial washing nmachine to
save detergent 2302 and protect the environnent. The
preferred enbodi nents allow the fast determ nati on of
dynamc interfacial tension of a liquid/liquid system
or a gas/liquid system The chip 40 can be desi gned
for disposable use and easily be integrated in a nore
conpl ex mcrofluidic system Besides the advantage of
a fast analysis, a handhel d neasurenent device with
this sensor has the potential to replace all current
desktop system for determ ning surface tension in, for
exanpl e, the petroleumindustry. Surface tension,
contact angle, and CMC (Critical Mcelle
Concentration) of a surfactant play an inportant role
in the displacenent of oil fromthe pore spaces of
sedimentary rocks, in wetting and dewetting of oi
fromsand grains, in dewatering in refinery plants,
and separation and flotation in oil recovery.
Feedback-control | ed detergent dosing for washing
machi nes i s another use. Wilst there has been
described in the foregoing description preferred
enbodi ments of the present invention, it will be
under stood by those skilled in thetechnol ogy concerned
that many variations or nodifications in details of
desi gn or construction my be nmade w t hout departing
fromthe present invention. THE CLAIMS 1. A

m crofluidic sensor conprising: (a) a first inlet
channel for a first fluid; (b) a second inlet channel
for a second fluid; (c) a neasurenent channe
intersecting with both first inlet channel and the
second inlet channel; (d) a signal source systemfor
receiving a signal froma signal emtter



(e) a signal detection systemfor receiving the signal
fromthe signal source system (f) the signal source
waymbev7aend t he signal detection system bei ng POF/SG2006/000038
recordi ng physical characteristics of at |east one of
the droplets in the neasurengrit channel. 2. A
m crofluidic sensor as clained in claiml, wherein the
first inlet channel, the second inlet channel and the
measyiEefEAschannel are in a substrate. 3. A
mcrofluidic sensor as clainmed in claim1 or claim 2,
wherein the first fluid is air and the droplets are
ai r bubbl &sicrafiuidia semsor edmpiisidg:c channel as clained in

any one qf, cl aéﬂgtlmettcgaghe,fg\r@ﬁrgtlfmldt he signal source
systemis a source wav e, nal is |ight,

and si gna(P det%ﬁ@'&ﬂw‘%&@%@’fﬂﬁ%aé‘*c&@i@‘g‘?l on wave gui de.
5. A micr(f | ui dineasessat channel atersedtinigrnwithl latimfiegt inlet channel

V‘her&'d'?het%gorﬁﬂn‘rlédt%ﬁa%}’e guide is a source optical

fibr etection wave guide is a detection
optical f@Ebr e.a §INAhsHTEsHPT U IrRceViBE & ionaddrom agigRatemifier:
claim4 og)cl ai sighel defeetioni systérh dorsretiviey tha \signgfLfratie tharsthnal
fohe d ‘tcggtle% wai ve guide are in the substrate. 7. A
¢ sensor as claimed in any one of clains

to 6 whelflei n theeigrsl gerre elamcnd dhastiEnd %ﬁﬁ%?t'%@/sgerfgl?%g for
det eédr@ifg SpHyéiedn eaeactoribtieh | yf @k | 1gau2 doren obpREStrbelesi theshe
of and hr%t %;‘tsc%annewth t he neasurenent channel. 8. A

mi cr'ofidicdle €enser as claimed in any one of clains 1
to 7, wherein the signal source system and the signal

get e;‘?]tc : On% MiGSRIMAIBs léb%faﬁﬂgdilﬂblbb’n i deetdirc@b it infdt channel,
m cr ul dl C

2
o shaateptt fief et Bt s e Lol altr SR 8 pyfe ™
mcrofluidic sensor as clained in claim9, wherein the

signal son ﬁﬁ&ofﬁiﬂﬁ:ts%mdr 8s Baihled m clBM 1t dr @laindP vHeRh thé Graeduid
tical sensor; one of the

detectjo temi
I|gH’Pa'éﬁ?dt%éﬁmglﬁﬁaﬁ@%’%g'?%al sensor being above the

Measurenent channel, and the other of the |ight

em t}er ang, ﬂﬁl d%h'aﬁrﬂall as 85meh npﬁﬁyrl&ebﬁblgl\ﬂsﬁhl% 3 wherem the

neasur emsnt channel A mcrofluidic, senso ! g |
cl ai YR SPHrem pYTR '%@ ecruaqenanf %d% o SRl PrIoh@nd signa
phy sdetetiorcdyatemas & tetedtioo svaer guidet | east one sel ect ed
fromthe group consisting of:

25 5. A microfluidic sensor as claimed in claim 4, wherein the source wave guide

is a source optical fibre, and the detection wave guide is a detection optical fibre.

6. A microfluidic sensor as claimed in claim 4 or claim 5, wherein the source

wave guide and the detection waive guide are in the substrate.

30
7. A microfluidic sensor as claimed in any one of claims 1 to 6, wherein the
signal source system and the signal detection system are axially aligned on
opposite sides of and intersect with the measurement channel.

35 8. A microfiuidic sensor as claimed in any one of claims 1 to 7, wherein the

signal source system and the signal detection system are substantially identical.



droplet length, droplet size, advancing edge shape,

receedi ng edge shape, contact angle of the at | east
woe@odesipl et with t he nmeasurenent channel, vel PCT/8§2006/000038

novenent of the at |east one droplet in the

measur enent channel, speed ofi8 novenent of the at | east

one droplet in the neasurenent channel, and frequency

of droplet formation. 12. A mcrofluidic sensor as

Cl aigred iz RMuIGE 8er¥or 64 Blbitied In bRy drk o MERHER o BRerein the
gnal emtter is a laser emtter, and the signa

det éE’iSH?te 'Sst’agﬁpaé?ﬁl cal sensor. 13 A nmicrofluidic
sensor as clainmed in any one of clains 1 to 12 further

COMQpi Si 'Agm@rcfﬂhlﬁgset\l:dﬂ'éi 6@%@5 erblblnppeWﬁérbMQhé’ SIgna| source
connect ed

F o @ I AR e SRR P BN A B RB B PPl re o
chanirdight enriiter andvistoptical semeonbeing abpuertha ineasugensnhehaonebdnd

to g ffﬁgr ﬂheehgqt &Mittdr BRd %%Héa@ B&Rbr K BMRw thd feaburement

m cr of ICc sénsor as clainmed in claim13 further
cpnﬁFW@Png a first punp operatively connected to the
first fluid reservoir for forcing the first fluid into

lbhe 1tlI rsty ljng fRbii Q@:%BPLS agﬁﬁileﬁ kearyRAS ¢f 8%@“ tSh@ﬂM%'reln the

seco op erativel connec&ed to ?
f | uupayaw@b él?ewtq" CérarP & éﬁaﬁth% gelectedsfhm the PE?“P r?PBS'St g of:
secrgpieh leditd, @ofidtaize pantaridig edgashaperecdedinh adgeeshapd, Sontact

tens] gms of g;ﬁe na‘?qégs? oﬁg 'HP@I&'MQ. ﬁlerrﬁgéasmeﬂ{en{ Qﬁarﬂel velocity of

ni cro I'C sen n any one "ai ms

to Tepvemprt C?fetb%r?(‘ dﬁasb P aTosieh &ee@ﬁ?ﬁ"[%‘!e”éﬁ@"aﬁ't spegd of

@0 n nﬁﬁ/bﬂn@rﬁ?olf lfHérat ﬂdégt dﬁedCdr@ﬁdt iH e eneasursaent @hshneln endfrequancy
tro r and a digital signal processor.16.

Cbnﬁh 8”@312?%tus conpri sing tensi oneter nodul e as

clalned in claim15, and a screen. 17. Conputing

appapat Uy @rdiligic¥8kkot Bs ElbigieMinl&ny oMB&F Elbimst e 11, wherein the
tensi onet e

o Tl ol SPGB e P b e
Mroplet of a first fluid in a neasurement channel of a

m craf | ui fivficrSRROSensbiSs Uﬁﬁﬁé@din%mnbsdf Nghim4 3.) to 12 further

forcing a first fluid alo g_ ] 9 % an q ) % F

mea<sgy H%qﬂagﬁéﬂlﬁ%reservow op a’uvely connece to’ the Tirs |nIe channel, a
second fluid reservoir operatively connected to the second inlet channel, and a
waster reservoir operatively connected to an outlet end of the measurement

25 channel.

14, A microfluidic sensor as claimed in claim 13 further comprising a first pump
operatively connected to the first fluid reservoir for forcing the first fluid into the first
inlet channel and the measurement channel; and a second pump operatively
30 connected to the second fluid reservoir for forcing the second fluid into the second

fluid outlet and the measurement channel.

15. A tensiometer module comprising a receptor for a microfluidic sensor as
claimed in any one of claims 1 to 14, the receptor comprising electrical and optical
35  connections for the microfluidic sensor and one of: a microcontroller and a digital

signal processor.



(b) forcing a second fluid along a second inlet and

into the neasurenent channel to formthe at |east one
waele@plogd7p0 (c) using a signal source systemto PCDYGZIE6/600038

source signal and a signal detection systemto detect

t he source signal; (d) recorddng physica

characteristics of the at |east one droplet in the

nmeasur enent channel by using the signal source system

and {ghe Sd:cgr%lmdj SfaklsQBmpHshERhsidifeter ndRi R ci@ed in claim

claimed in claim18, wherein the first inlet channe

t he g%%%ﬁﬁquﬂkn channel and the neasurenent channe

are in a substrate. 20. A method sensor as clainmed in

claifm 18 emdabiy Qbﬂa?atué"@@rcféhﬁbdt #ﬂecléulnrﬁ; ek tHeSteAdidmeter

and the droplets are air | es. A method as

I ai eyle ireqyatihe of clalns 18 to 20, wherein the

signal source systemis a source wave guide, the

si gngl i sp [l@B4 for %Qsﬁnh%ﬂ@sncg%%&b@cssﬁ%t RRtoRe @ro let ofa

det ecti on wave d as clained in

21, fpetiwd dn t%éﬂ%ﬂ?@@ntm&i?@niju? dé figrofjuidig sqagorg ﬁ'e? d%ﬁtmd

flbnmmp&nﬂ;the detection wave guide is a detection
ptlcw

cI aim 22, (hg\lner el n %ﬁé‘@gggg&é&%{g@{gﬁﬁgghgw ﬁb%gasamment

det ®8MSH wai ve guide are in the substrate. 24 A

met hod aS(pr aifolmgi B 8dupnd MRidfalonl ak Meecdfd tidle23nd into the

wher r (the signa

det e'ﬁ?asurtem%nts hgprﬂ%!e\tro E&H‘ tﬁg?ﬁga% (ﬁ@(ﬁg’ 'on opposite sides

of and i n(p)er sedsingvi signal rﬁ@urﬁeﬁw@ﬁ@mo‘/@ﬁaﬁm@rce signal gnd a

et haghaPdetdetich ﬂ&dmlt@d&@&tr@%u@é sighaxi T8 18 to 24,

wherei n t nal urc h i gn ,
det ect i on gyst ?ﬁ’%?%pﬁyuﬁét%% tg”slt'gl gfofF’e ?t 'gaﬁg g‘lz%mp'if in the
met hoeksasmehiathaek! Pruging the ﬁ@ndfsouﬂcausv%enlgnd the zignal detection
whergi@mt he substrate is transparent. 27. A method as
clainmed in claim?26, wherein the signal source system
is alight emtter and the signal detection systemis
2N offt i cah methng es Glaigwed inoflaim 118, wheggin the fiist inlet chanuel ttiresecond
opt iiGidd chafiePsHd theiBssuAhRecHahsel BRASHEQERAL. channel
and the other of the light emtter and the optica
sensor bei ng bel ow t he neasurenent channe

20. A method sensor as claimed in claim 18 or claim 19, wherein the first fluid

is air and the droplets are air bubbles.

25
21. A method as claimed in any one of claims 18 to 20, wherein the signal
source system is a source wave guide, the signal is light, and signal detection
system is a detection wave guide.

30 22 A method as claimed in claim 21, wherein the source wave guide is a

source optical fibre, and the detection wave guide is a detection optical fibre.

23. A method as claimed in claim 21 or claim 22, wherein the source wave
guide and the detection waive guide are in the substrate.
35



28. A nethod as clainmed in any one of clains 18 to 27,
wherei n the physical characteristics are at | east one

W@ edoen9ssdo from t he group consisting of: dropl eeCT/eGHO6(00038
dropl et size, advanci ng edge shape, receedi ng edge
shape, contact angle of the & |east one droplet with
t he nmeasurenent channel, velocity of novenent of the
at | east one droplet in the measurenent channel, speed

of mavemhebd LBRiaRted Raml oRB®F da@il £ tol 28, WAerein the signal
measur erren

f.r equenc _dropl N
R L e e
of of aidipterbgetmith #8 megherement chiieki gnal emitter is a
| aser em'tter, and the si gnal detector is an opti cal

sens t hod as. cl ai ned. i
36 08 o elalrs et o g RE R R e R Sbsflrihe biona
opersatrice eysiencaniriecsigul detectiresysiemsare BWS@F“%'M iHariishl, a
second fluid reservoir operatively connected to the
second i n| et VOI I, .
oper&t i vet @79@8€ @"[’"@8‘1 {n(f"“&ﬂ“%%tofa S %*83{’5#”%?%‘ the substrate is
meadwangremt. channel . 31. A nethod as clained in claim
30 further conprising using a first punp connected to
theflrst fluid reservoir to force the first flu
i nt &7t he A Methpd a5 (claimedHn il 28 pnereia t f%%cr?tsysmm is a
c hanigkt! gmitten chnd shengigral detedinnl systemp iscamnopdicdl @enston anbef the light

Secoéﬂgttecr négxli qrer ?gtﬁgl\lj%ngo tQalr]c OdoYe ttﬁeeméé‘s‘ﬁFE?r%nf 'cHén‘Ftel' l@ﬁcp the

the s C t he rreasurerrep % ne

other of the light emitter and the optlcal sensor being below the measurement
15 channel.

28. A method as claimed in any one of claims 18 to 27, wherein the physical

characteristics are at least one selected from the group consisting of: droplet
length, droplet size, advancing edge shape, receeding edge shape, contact angle of
20 the at least one droplet with the measurement channel, velocity of movement of the
at least one droplet in the measurement channel, speed of movement of the at

least one droplet in the measurement channel, and frequency of droplet formation.

25  29. A method sensor as claimed in any one of claims 18 to 28, wherein the

signal emitter is a laser emitter, and the signal detector is an optical sensor.

30. A method as claimed in any one of claims 18 to 29 further comprising a first
fluid reservoir operatively connected to the first inlet channel, a second fluid
30 reservoir operatively connected to the second inlet channel, and a waster reservoir

operatively connected to an outlet end of the measurement channel.

31. A method as claimed in claim 30 further comprising using a first pump
connected to the first fiuid reservoir to force the first fluid into the first inlet channel
35  and the measurement channel; and using a second pump connected to the second
fluid reservoir to force the second fluid into the second fluid outlet and the

measurement channel.



