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A microfluidic system comprising a homogenizing component

The invention relates to a system comprising:

at least one microfluidic device (1),
- at least one duct (3) in fluidic connection with the mi-
crofluidic device (1), and

- at least one vibrating element (8) connected to the duct
(3) and adapted to transmit mechanical vibrations to the
duct (3).

The invention also relates to a method of performing

an assay which can be implemented using this system.

4
1
]
7
7
Fig. 1

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 705 899 A1 2

Description

TECHNICAL FIELD

[0001] The present invention relates to a microfluidic
system comprising a homogenizing component in the
form of a vibrating element connected to a duct. The in-
vention also relates to the use of this microfluidic system
for performing various assays.

TECHNICAL BACKGROUND

[0002] Heterogeneity of fluids in microfluidic systems
is a known problem, particularly in connection with fluids
containing colloid suspensions. Heterogeneity can nota-
bly arise as aresult of sedimentation, interaction between
colloidal particles, flow variations, etc.

[0003] Severalsuggestions have been made in the pri-
or art to add vibrating elements to microfluidic systems,
without however properly addressing the above problem
in a satisfactory manner.

[0004] For instance, document TW 200914831 dis-
closes a multifunctional unsteady flow microfluidic device
suitable for mixing and separating two-phase suspension
fluids. A vibrating element is placed on the surface of the
body of the microfluidic device. This document therefore
describes a direct and intimate transduction of mechan-
ical vibrations between the vibrating element and the mi-
crofluidic device.

[0005] Document WO 96/06158 relates to a cylindrical
device comprising a chamber having a membrane for
separating species at one of its ends, as well as a device
for generating mechanical vibrations directly affixed to
said end.

[0006] Document US 2009/0252658 is directed to a
method of increasing the packing density of particulates
loaded in microchannels. The method makes use of an
ultrasound-producing head placed in sonic contact with
the microchannels, for providing ultrasonic energy to said
microchannels.

[0007] In some cases, vibrating elements have been
used in the context of cell-lysing apparatuses.

[0008] For instance, document WO 2008/104916 re-
lates to a cell lysis or mixing device, comprising a cham-
ber filled with 20-75 vol.% of microparticles, as well as
means to put said chamber under vibrations. The vibra-
tions are more particularly generated by a membrane or
elastic part of the chamber which is displaced by a stamp
or piston. Agitation of the microparticles within the cham-
ber results in shear forces and impact forces which are
sufficient to disrupt cells loaded therein.

[0009] Document WO 99/33559 is directed to an inte-
grated fluid manipulation cartridge. Said cartridge is
adapted for separating a desired analyte from a fluid sam-
ple. Cell lysing means can be provided in this cartridge,
and in particular ultrasonic lysing means.

[0010] In yet other cases, oscillating devices have
been used for dispensing fluids or objects on demand.
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[0011] In particular, document WO 2008/156837 dis-
closes a microfluidic chip comprising a microchannel and
a reagent chamber in fluid communication with said mi-
crochannel, the reagent chamber having acompliantwall
and an actuator coupled therewith. In this case, the func-
tion of the actuator is to produce a volume change in the
reagent chamber in response to a control signal, so as
to controllably dispense particles on-demand from the
reagent chamber to the microchannel. Typically, this
technique requires two immiscible fluids, a timing accu-
racy in the order of nanoseconds and an operation fre-
quency above 1 kHz.

[0012] Document WO 98/15825 provides a platform
for performing synthetic chemistry, analysis and high
throughput screening. In some embodiments, use is
made of vibratory feeders, which are known in the art for
dispensing fluids.

[0013] Finally, itis also known to use vibrations to keep
a sample homogenous within a container. For example,
document WO 2005/084380 teaches a method of deliv-
ering analytes to an analytical device, comprising pump-
ing a fluid medium from a container while agitating the
container to maintain homogeneity. This method is in par-
ticular intended for the transfer of blood from storage con-
tainers to analytical devices.

[0014] Inthe prior art, care is generally taken to create
a full sonic connection between the vibrating element or
ultrasonic transducer and the analytical or preparation
device which is used. Therefore, the vibrating element is
generally placed in direct sonic contact with the chamber
of interest. This is in fact necessary in some instances,
such as when sonic energy is used for lysing cells, or for
packing beads, in the device. However, this also entails
serious drawbacks in the context of microfluidic devices.
[0015] First, directly coupling a vibrating element to a
microfluidic device results in numerous constraints in the
microfluidic device itself, be it in terms of shape and size
of microfluidic chambers, or of selection of materials. For
example, soft materials such as polydimethylsiloxane
(PDMS), which are very popular for microfluidic devices,
may be excluded because of excessive vibration damp-
ing and of inefficient sonic transmission.

[0016] Second, generating vibrations directly in a mi-
crofluidic device, or alternatively in a sample container
(such as in WO 2005/084380), may not be entirely effi-
cient for achieving the required homogeneity in the mi-
crofluidic device itself.

[0017] There is thus a need for systems and methods
achieving improved homogeneity within microfluidic de-
vices, without adding any design constraint to said mi-
crofluidic devices.

SUMMARY OF THE INVENTION

[0018] Therefore, it is a first object of the invention to
provide a system comprising:

- at least one microfluidic device,
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- atleastone ductin fluidic connection with the micro-
fluidic device, and

- atleast one vibrating element connected to the duct
and adapted, or configured, to transmit mechanical
vibrations to the duct.

[0019] According to one embodiment, the mechanical
vibrations have a frequency ranging from 1 Hzto 10 MHz,
preferably from 10 Hz to 1 kHz.

[0020] According to one embodiment, the duct is de-
tachably connected to the microfluidic device.

[0021] Accordingto one embodiment, the ductis made
of a flexible material, which is preferably selected from
glassy materials, resin materials, thermoplastic materi-
als, elastomeric materials, and combinations thereof,
and is more preferably selected from polyethylene, poly-
propylene, fluoropolymers, polyether ether ketone, poly-
imide, silicone and polyurethane.

[0022] According to one embodiment:

- the microfluidic device comprises one or more mi-
crochannels, the microchannels having a maximum
dimension; and

- the distance between the connection of the duct to
the microfluidic device and the area of the duct in
which the mechanical vibrations are transmitted to
the duct is at least 1 time, preferably at least 5 times,
more preferably at least 10 times the maximum di-
mension of the microchannels.

[0023] Accordingto one embodiment, the distance be-
tween the connection of the duct to the microfluidic device
and the area of the duct in which the mechanical vibra-
tions are transmitted to the ductis atleast 1 cm, preferably
at least 2 cm, more preferably at least 5 cm.

[0024] Accordingtoone embodiment, the system com-
prises a plurality of vibrating elements connected to the
duct and adapted to transmit mechanical vibrations to
the duct, said plurality of vibrating elements being spaced
along the duct.

[0025] Itis a second object of the invention to provide
a method of performing an assay, comprising the steps
of:

- transmitting mechanical vibrations to at least one
duct in fluidic connection with a microfluidic device,
by at least one vibrating element connected to said
duct; and

- transferring a fluid through the duct towards or from
the microfluidic device.

[0026] According to one embodiment, the microfluidic
device and the duct are part of the above-described sys-
tem.

[0027] According to one embodiment, the fluid com-
prises a colloidal suspension, said colloidal suspension
preferably comprising particles, vesicles, beads, macro-
molecules, supramolecular assemblies, cells, viruses,
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aggregates and/or organisms.

[0028] Accordingto one embodiment, the assay is per-
formed at least in part in the microfluidic device, said
assay being selected from the group consisting of sorting
assays, screening assays, analysis assays, culture as-
says, catalysis assays, hybridization assays, electro-
chemical reaction assays, enzymatic reaction assays,
immunoassays, chromatographic separation assays,
chemoluminescent reaction assays, immunocapture as-
says, affinity capture assays, elution assays, diagnosis
assays and combinations thereof; and/or the method
comprises a detection step and/or a step of collecting a
sample from the microfluidic device.

[0029] Itis a third object of the invention to provide a
method of modifying a system comprising at least one
microfluidic device and at least one duct in fluidic con-
nection with the microfluidic device, said method com-
prising a step of connecting at least one vibrating element
to said duct, so that the vibrating element is able to trans-
mit mechanical vibrations to the duct.

[0030] According to one embodiment, this method
comprises the step of directly attaching the vibrating el-
ement to an external surface of the duct; or of attaching
the vibrating element to a connecting support and attach-
ing the connecting support to an external surface of the
duct.

[0031] According to one embodiment, the modified
system is the system according to the first object of the
invention.

[0032] Itis a fourth object of the invention to provide a
vibrating system comprising:

- avibrating element;
- aconnecting support;

wherein the vibrating element is attached to the connect-
ing support, and the connecting support is adapted for
being attached to an external surface of a duct feeding
or collecting fluid from or to a microfluidic device.
[0033] According to one embodiment, the surface area
of the inner cross section of the duct relative to the direc-
tion of flow in the duct is from 0.0001 to 100 mm?2, pref-
erably from 0.01 to 1 mmz2.

[0034] According to one embodiment, the connecting
support is adapted for being detachably attached to the
external surface of the duct.

[0035] According to one embodiment, the connecting
support comprises a first through-hole and a second
through-hole, wherein the first through-hole is adapted
for lodging the duct and the vibrating element comprises
a mobile mass which is fixedly inserted in the second
through-hole.

[0036] According to one embodiment, the maximum
dimension of the vibrating system is less than 5 cm, pref-
erably less than 2 cm.

[0037] The presentinvention makes it possible to over-
come the drawbacks of the prior art. In particular the in-
vention provides systems and methods achieving im-
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proved homogeneity within microfluidic devices, without
adding any design constraint to said microfluidic devices.
[0038] The invention is believed to be effective irre-
spective of the shape and size of the microchannels or
microfluidic chambers which are used, and irrespective
of the material in which the microfluidic devices are built.
The invention can notably be used in connection with
microfluidic devices comprising soft materials such as
silicone elastomers.

[0039] The invention is based on the realization by the
inventors that, in a system comprising a microfluidic de-
vice, the volume and travel length of fluids in the tubing
bringing said fluids to, and / or taking said fluids away
from, said microfluidic device, are often larger than the
volume and travel length in the actual microfluidic part of
said system. Thus, numerous adverse effects can occur
within the tubing which may affect the proper functioning
of the system as a whole. Said adverse effects can com-
prise, for instance, aggregation, sedimentation and / or
dispersion. They are particularly prone to occur when the
fluids to be transported to or from the microfluidic device
are colloidal fluids.

[0040] The invention relies on the unexpected finding
that vibrating elements placed not in direct mechanical
contact with the chambers, microchannels or reservoirs
of the microfluidic device, but rather in contact with the
connecting elements leading fluids from or to the micro-
fluidic part of the system (preferably at a distance from
said microfluidic part and / or at a distance from the fluid-
containing reservoirs), can be more useful and effective.
[0041] According to some embodiments, the present
invention can also have one or more of the following ad-
vantages:

- Theinvention can be implemented by using low-cost
and easy-to-manufacture elements, such as cell
phone-type vibrators (as opposed to expensive and
complex ultrasonic transducers).

- Non-ultrasonic vibrations are easier to transmit than
ultrasonic vibrations.

- Astrong mechanical coupling between the vibrating
element and some fluid-containing parts of the sys-
tem, such as e.g. the microfluidic chip itself, or the
sample-containing reservoir, is not necessary.

- The design of the microfluidic device is not con-
strained by the presence of the vibrating elements.
It should be emphasized that microfluidic devices
are very precise and demanding structures, the fab-
rication of which generally entails numerous con-
straints. Therefore, it is often difficult to design a mi-
crofluidic device so that a vibration can be transmit-
ted to it at the right place, efficiently and without dam-
aging the device.

- Theinvention can be used to transport colloidal fluids
from or to a microfluidic device, with better efficiency
and with less dispersion than in the prior art. This is
advantageous in many applications, for instance in
analytical sciences, when dispersion is detrimental
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toresolution. For instance, the invention can be used
for searching for rare elements such as cells, cancer
cells, bacteria, nanoparticles, contaminating parti-
cles, or more generally any analyte of interest, in a
fluid.

- In the context of an automated implementation, the
invention makes it possible to sequentially perform
operations on a fluid, comprising transporting the flu-
id in ducts, with less carryover and in less time than
in the prior art.

- The invention makes it possible to improve the effi-
ciency of operations performed inside a microfluidic
device, as compared to the same operations per-
formed in a similar device according to the prior art,
be itwith or without vibrating elements directly affixed
onto said microfluidic device.

- The invention makes it possible to reduce the size
of the diffusion layer in the vicinity of the walls of a
microfluidic device, which may be advantageous to
increase the kinetics and efficiency of processes in-
volving interactions between a fluid contained in the
device and the surface of said device.

- Theinvention makes it possible to increase the effi-
ciency (or yield) of chemical, biological or biochem-
ical assays, such as those involving catalysis, hy-
bridization, an electrochemical reaction, an enzy-
matic reaction, animmunoassay, a chromatographic
separation, a chemiluminescent reaction, an immu-
nocapture, an affinity capture and / or an elution.

- The invention makes it possible to make fluid trans-
port easier and /or more regular.

- Theinvention makes it possible to prevent aggrega-
tion or sedimentation of particles and / or to facilitate
the sorting of particles contained in said fluid and /
or to facilitate the manipulation of biphasic or mul-
tiphasic fluids, such as by fragmentation, coales-
cence of droplets, liquid-liquid extraction.

- According to some embodiments, and opposite to
whathas beendisclosed in some prior art documents
where vibrating elements are directly affixed to mi-
crofluidic devices, the invention can be used to de-
crease the density of suspensions of particles, and
thus facilitate the permeation and exchange of lig-
ands between said particles and the suspending flu-
id.

- The invention makes it possible to homogenize
beads or particles contained in a microfluidic device.

- The invention is cheap and simple to implement,
while atthe same time performing better than several
prior art systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042]

Figure 1 is a schematic drawing showing one em-
bodiment of a system according to the invention.
Figure 2 is a schematic drawing showing one em-
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bodiment of a connection between a duct and a vi-
brating element.

Figure 3 is a graph showing the average light inten-
sity (Y-axis, arbitrary units) measured in a micro-
channel over time (X-axis, number of frames record-
ed) according to one embodiment of the invention
(see the example section below).

Figure 4 is a graph showing the standard deviation
of the light intensity (Y-axis, arbitrary units) meas-
ured in the microchannel over time (X-axis, number
of frames recorded) according to the same embod-
iment.

DESCRIPTION OF EMBODIMENTS

[0043] The invention will now be described in more de-
tail without limitation in the following description.

[0044] As stated above, and making reference to Fig.
1, the system of the invention comprises at least one
microfluidic device 1 and at least one duct 3, 4 in fluidic
connection with the microfluidic device 1, and preferably
at least two or more ducts in fluidic connection with the
microfluidic device. Inthe illustrated embodiment, aninlet
duct 3 and an outlet duct 4 are respectively connected
to the microfluidic device 1, via respective connecting
elements 6, 7. The other end of the inlet duct 3 is con-
nected to a fluid container 5.

[0045] By "microfiuidic device" is hereby meant a de-
vice comprising one or more microstructures on the sur-
face of a substrate, which are features adapted for con-
taining and / or directing fluids. These microstructures
have at least one dimension which is less than 5 mm,
preferably, less than 1 mm, and most preferably less than
500 pm. In some cases, the microstructures have atleast
one dimension which is less than 200 um, or less than
100 pm, or less than 50 wm, or less than 20 pum, or less
than 10 wm, or less than 5 um, or less than 2 um, or less
than 1 pm.

[0046] Said microstructures can include enclosed vol-
umes (in which case they can be referred to as "micro-
channels") or otherwise lay on an open surface.

[0047] In the illustrated embodiment, the microfluidic
device 1 comprises at least one microchannel 2 in fluidic
connection with the inlet duct 3 and the outlet duct 4.
[0048] The above microfluidic device preferably com-
prises at least one microchannel, and more preferably a
plurality of microchannels which are in fluidic connection.
Each microchannel has at least one dimension of less
than 5 mm, preferably, less than 1 mm, and most pref-
erably less than 500 pm; and in some cases, of less than
200 pm, or less than 100 pwm, or less than 50 um, or less
than 20 um, or less than 10 wm, or less than 5 um, or
less than 2 um, or less than 1 um.

[0049] Each microchannelcanhave an elongated con-
figuration comprising one longitudinal dimension (the
"maximum dimension") exceeding the cross-sectional di-
mensions (by a factor of at least 10, or at least 20, or at
least 50, or at least 100, or at least 500, or at least 1000,
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or at least 10000). But a microchannel can also be any
other kind of three-dimensional structure on or within the
substrate, such as a chamber for instance. The micro-
channels may have any cross-sectional shape (relative
to the direction of flow), but the latter is preferably rec-
tangular or square, or, in some specific embodiments,
for instance involving biphasic fluids, circular or ovoid.
[0050] The microfluidic device may be formed by as-
sembling the substrate with a cover. The substrate and
/ or the cover may be etched or molded to provide the
desired microstructures. The cover may be bonded to
the substrate.

[0051] Preferably, the substrate is a plate or wafer. The
substrate is preferably substantially rigid, which means
that it can be manipulated and attached to a holder to be
kept globally immobile, with respect e.g. to an optical
detector. It can be made of glass, silicon, ceramic, metal,
or polymeric / plastic material. The cover may be of a
similar nature or it may be made of a soft material, such
as a silicone elastomer, e.g. polydimethylsiloxane
(PDMS).

[0052] The manufacture of the microfluidic device can
be based on a variety of microfabrication techniques such
as film deposition, photolithography, wet or dry chemical
etching, photoabalation or plasma ablation, air, water or
powder abrasion, injection molding, embossing and ther-
moforming techniques. Film deposition can be performed
by spin-coating, thermal oxidization, chemical vapor dep-
osition (CVD), plasma vapor deposition (PVD), low pres-
sure CVD, plasma-enhanced CVD, sputtering...

[0053] The microfluidic device can be a laboratory-on-
a-chip.

[0054] The abovementioned "ducts"” are any compo-
nents which may be used to bring a fluid to, or collect a
fluid from, the microfluidic device. Generally, ducts are
tubes, but they can also be Y-shaped or X-shaped con-
nectors or splitters.

[0055] Said ducts are for instance used to convey a
fluid (or to convey objects within a fluid) from a reservoir
or container to the microfluidic device, or conversely.
They can also be used to convey a fluid from the micro-
fluidic device to a detector, such as an optical detector,
or to collecting vials, containers and the like. They can
be permanently attached to the microfluidic device, or
alternatively be detachably connected to it, so that they
can be removed (for instance to perform maintenance or
cleansing operations, or to replace the microfluidic device
while keeping the same ducts) and then reconnected or
re-plugged to it.

[0056] The system of the invention may also comprise
valves, holders, observation means and any kinds of fit-
tings adapted to keep its different components and de-
vices connected or assembled together.

[0057] The system of the invention may also comprise
any kind of computerized, electronic, electric or pneu-
matic controller, in order e.g. and non-limitatively, to con-
trol the temperature and functioning of the device’s com-
ponents, to automate its operation, to record data.
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[0058] The system of the invention may also comprise
various means for actively transporting fluid (or objects
within a fluid), such as pumping means, electrophoretic
means, magnetic elements etc.

[0059] In some embodiments, the ducts used in the
context of the invention are preferably made of flexible
tubing.

[0060] By "flexible", is meant a duct that can be locally
bent (transversally to its longitudinal axis), with a radius
of curvature smaller than 1000 times, preferably smaller
than 100 times, or smaller than 10 times, or even smaller
than 5 times, the thickness of the duct (in the plane in
which the bending is performed), wherein said bending
is reversible, i.e. does not result in a breakage of said
duct, and does not leave any significant permanent de-
formation on the duct once the forces exerted to achieve
the bending are released.

[0061] They are preferably made of a polymeric mate-
rial, such as a thermoplastic or elastomer material, and
more particularly such as e.g. polyethylene, polypropyl-
ene, fluoropolymers, polyether ether ketone (PEEK),
polyimide, polyester, silicone, polyurethanes, and the
like. In some cases they may also be made of some met-
als, e.g. stainless steel, or a glassy mineral material, e.g.
borosilicate glass or fused silica. If made in glass or of a
glassy mineral material, the ducts of the invention are
preferably covered by some plastic material, whichis less
brittle than the glassy material itself, forinstance Teflon®,
polyimide, epoxy, such covering contributing to increase
the flexibility of the duct.

[0062] The choice of the appropriate tubing depends
on the desired application and on the fluid to be used.
For instance, fluoropolymers, PEEK, and polyimide are
advantageous for avoiding fouling by biomaterial, and for
manipulating chemically aggressive fluids.

[0063] In terms of fluid pressure, silicone tubes can
typically sustain pressures of up to a few (5 to 10) atmos-
pheres, whereas, depending on the diameter, PEEK or
polyimide can sustain pressures of up to 5 to 100 atmos-
pheres. Metal tubing is recommended for even higher
pressures.

[0064] Polyethylene, polypropylene, silicone and
some polyurethanes, but also some fluoropolymers such
as polytetrafluoroethylene (PTFE), can be transparent or
translucent, which is advantageous when direct visuali-
zation of the contents of the tubing is desired.

[0065] Silicone tubing is another preferred type of tub-
ing, as it is a biocompatible, transparent material, which
can provide very flexible ducts, which can be useful to
connect elements that have to be moved with respect to
each other without creating mechanical strain.

[0066] The ducts used in the present invention prefer-
ably have a cylindrical shape. The internal (transverse)
cross-section is preferably circular, but can also be
square, rectangular, ellipsoidal or elongated.

[0067] The cross-sectionis generally uniformalongthe
ducts, but in some instances it may be non-uniform or
comprise some internal structuration, roughness, bumps
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or inner tortuosity.

[0068] The minimum dimension of the cross-section of
the ducts (relative to the direction of flow) is generally
larger than the minimum dimension of the microstruc-
tures (and notably microchannels) of the microfluidic de-
vice, preferably by a factor of more than 2, or more than
5, or more than 10, or more than 50 or more than 100.
[0069] The surface area of the cross-section of the
ducts used inthe invention may typically vary from 0.0001
to 100 mm?2, preferably from 0.01 to 1 mm2,

[0070] The length of the ducts used in the invention
may vary widely. However, the invention is especially
useful when rather long ducts are used. For instance, the
length of the ducts can be at least 1 cm, preferably at
least 5 cm, or at least 10 cm, or at least 20 cm, possibly
at least 30 or 50 cm.

[0071] It is also preferred if the length of the ducts is
at least 5 times the maximum dimension of the micro-
structures in the microfluidic device, more preferably at
least 10 times or 20 times or 50 times or 100 times.
[0072] The invention makes use of at least one vibrat-
ing element connected to at least one duct.

[0073] A 'vibrating element" is defined as a mechani-
cal, electronic, electric, or preferably electromechanical
element comprising a moving part which is adapted to
move or oscillate in a repetitive manner. Said motion can
be periodic or aperiodic, provided it involves during a
relatively short time, preferably 1 s or less, and possibly
down to 1 ns, a multiplicity of changes in motion orienta-
tion or direction.

[0074] The vibrating element can notably be a piezo-
electric transducer or an ultrasonic transducer. Such vi-
brating elements are generally used when high frequen-
cy, typically in the ultrasound range, is needed.

[0075] However, for reasons of cost, energy consump-
tion, size, as well as efficiency, it is generally preferred
to use a vibrating element comprising a mass attached
to amobile magnetic element driven by an electromagnet
or an electromagnetic coil; or a mass attached to a motor
driven at a given speed. Loudspeaker-type vibrating el-
ements, which are typically used in the audible range,
e.g. from 20 Hz to 20 kHz, or cellular phone-type vibra-
tors, are particularly advantageous in the invention.
[0076] The vibration generated by the vibrating ele-
ment may have an amplitude in the range of nanometers
to centimeters. It is generally advantageous if the ampli-
tude of the vibration is commensurate with the cross-
sectional dimension of the corresponding duct. More ad-
vantageously, said amplitude of vibration is from 0.01 to
100 times, preferably from 0.1 to 10 times, the largest (or
the smallest) dimension of the internal cross-section of
the duct. In some cases, and notably if the duct has a
rather thick wall (for instance larger than the internal max-
imum diameter of the duct), reference may be made to
the external cross-section instead of the internal cross-
section.

[0077] Typically, the amplitude of the vibrations is
therefore from 100 nm to 10 cm, preferably from 10 pm
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to 1 cm, and for instance rom 10 pm to 100 wm or from
100 wm to 1 mm, or from 1 mm to 1 cm.

[0078] The vibrations generated by the vibrating ele-
ment may have various spatial shapes. Preferably, they
are translational or rotational vibrations.

[0079] The vibration frequency may range from 1 Hz
to 10 MHz. Preferably, and in contrast with the prior art,
the vibrations used in the present invention are not high
frequency ultrasound vibrations, and more preferably are
not ultrasound vibrations. Preferred frequency ranges
are from 10 Hz to 1 kHz, for instance from 10 to 100 Hz
or from 100 Hz to 1 kHz. Lower frequencies of 1 Hz to
10 Hz may be advantageous in connection with systems
comprising relatively large ducts and / or microchannels.
[0080] The amplitude of acceleration of the vibrations
is preferably from 0.01 to 100 G, and more preferably
from 0.1 to 10 G.

[0081] The vibrating element may be placed in direct
contact with the outer surface of the duct. For instance,
it may be glued to the outer surface of the duct, or fixed
against the duct by means of a wire, or screw, or any
other attachment means.

[0082] Alternatively, for an easier and more flexible im-
plementation, the vibrating element may be attached to
a connecting support, the connecting support being itself
attached to the duct.

[0083] Making again reference to Fig. 1, in the illus-
trated embodiment, a vibrating element 8 is connected
to the inlet duct 3, via a connecting support 9.

[0084] Fig. 2 provides an example of such an attach-
ment. According to this embodiment, the connecting sup-
port 11 (or frame) is essentially a parallelepiped block
comprising a first through-hole 12 and a second through-
hole 13 which is parallel to the first through-hole 12. The
connecting support 11 is preferably made of a rigid ma-
terial, such as metal or rigid plastic or resin, such as pol-
ystyrene, polymethyl methacrylate or more generally acr-
ylate materials, polyolefins, acrylonitrile butadiene sty-
rene (ABS), polyimide, polyester, epoxy, cyclic olefin co-
polymer, cyclic olefin polymer, polycarbonate, PEEK, Te-
flon, or alternately composite materials or ceramics.
[0085] The duct 14 can be inserted through the first
through-hole 12. A part of the vibrating element, such as
a mobile mass 15, can be inserted through the second
through-hole 13. A tight connection between the connect-
ing support 11 and the duct 14 on the one hand, as well
as the mobile mass 15 on the other hand, is achieved by
way of respective clamping screws (not shown) which
can be inserted into respective threaded holes 18, 19
respectively leading to the first through-hole 12 and the
second through-hole 13. Other means of attachment can
be contemplated as well, such as the application of glue,
or the provision of respective resilient slots in the con-
necting support 11 on one side of the through-holes 12,
13.

[0086] The rest of the vibrating element 16 extends
away from the connecting support 11. It inter alia com-
prises an electric power supply 17.
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[0087] According to a preferred embodiment, the vi-
brations are transmitted to the duct in a substantially
transverse manner relative to the (local) longitudinal axis
of the duct. The use of the above-described connecting
supportensures such a transverse transmission of vibra-
tions to the duct, via the connecting support or frame.
[0088] The vibrating element is preferably placed at a
distance from the microfluidic device such that the vibra-
tions are substantially not transmitted to the microfluidic
device. Preferably, the attenuation factor of the vibration
is better than 10, in some preferred embodiments better
than 100.

[0089] Accordingly, the area of the duct in which the
mechanical vibrations are transmitted to the duct (name-
ly, the area of attachment of the vibrating element, or of
the connecting support, to the duct) is at least 1 cm, pref-
erably at least 2 cm, more preferably at least 5 cm away
(possibly atleast 10 cm away) from the connection of the
duct to the microfluidic device (or from the inlet of the
microfluidic device). The above distance is measured
along the duct.

[0090] Preferably, the above distance between the vi-
brating element and the microfluidic device is selected
according to the material of the duct and its dimensions.
This can be achieved by trial and error, but typically, long-
er minimal distances will be used for more rigid and larger
ducts, and smaller minimal distances can be accepted
for smaller and more flexible ducts. For instance, for a
silicone duct with a diameter smaller than 1 mm, a min-
imal distance as small as 1 cm can be accepted, whereas
for a fused silica duct with an outer diameter of 300 pum,
or for a PEEK duct with an outer diameter of 1 mm, a
distance of at least 5 cm is preferred, for a stainless steel
duct with an outer diameter of 1 mm, a distance of at
least 10 cm is preferred.

[0091] In some circumstances, especially when a long
duct is used, it may be advantageous to use two or more
than two vibrating elements along the duct, the succes-
sive vibrating elements being spaced by at least 1 cm,
preferably at least 2 cm, more preferably at least 5 cm,
or at least 10 cm, or at least 20 cm.

[0092] When the ductis connected to a container, res-
ervoir, chamber or the like at one of its end which is op-
posite the end connected to the microfluidic device, it is
advantageous that the distance between the area of the
duct in which the mechanical vibrations are transmitted
to the ductand the connection of the duct to the container,
reservoir, chamber or the like is at least 1 cm, preferably
at least 2 cm, more preferably at least 5 cm and in some
cases at least 10 cm.

[0093] The same general rules for optimizing the po-
sition of the vibrating elements, as described above re-
garding their distance to the microfluidic device, may also
be applied regarding their distance to the containers or
reservoirs or chambers, or regarding their mutual dis-
tance if several vibrating elements are positioned on a
single duct.

[0094] The system of the invention can comprise more
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than one microfluidic device having at least one duct con-
nected thereto. It can also comprise more than one duct
per microfluidic device. In such cases, one or more vi-
brating elements can be attached to several ducts, de-
pending on where the homogenizing effect of the inven-
tion is required.

[0095] The presentinvention being particularly simple
to implement, it is possible to adapt and upgrade an ex-
isting system comprising at least one microfluidic device
and at least one duct connected to or from said microflu-
idic device, by connecting at least one or more vibrating
elements (possibly together with corresponding connect-
ing supports, as described above) to said duct.

[0096] The invention can be implemented in the con-
text of any assay which can be performed in the micro-
fluidic device. The invention is particularly advantageous
when colloidal objects are transported (in a fluid) to or
from the microfluidic device in the context of said assay.
[0097] As used here, the term "colloidal object” may
represent a large variety of natural or artificial, organic,
or inorganic, compounds, including cells, organelles, vi-
ruses, cell aggregates, cellislets, embryos, pollen grains,
artificial or natural organic particles such as latex parti-
cles, dendrimers, vesicles, magnetic particles, nanopar-
ticles, quantum dots, metal microparticles, metal nano-
particles, organometallic micro or nanoparticles, nano-
tubes, artificial or natural macromolecules, microgels,
macromolecular aggregates, proteins or protein aggre-
gates, polynucleotides or polynucleotide aggregates, nu-
cleoproteic aggregates, polysaccharides, or supramo-
lecular assemblies, or combinations of the above.
[0098] A fluid containing colloidal objects is termed a
colloidal suspension.

[0099] Generally, colloidal objects have at least one
dimension (in the fluid) that is larger than 2 nm, preferably
larger than 5 nm, more preferably larger than 10 nm, or
larger than 50 nm, or greater than 100 nm. In some em-
bodiments, they have atleast one dimension thatis larger
than 200 nm, or 500 nm, or 1 um.

[0100] The transport of colloidal objects may often lead
to heterogeneity problems, which the invention can ef-
fectively reduce.

[0101] Indeed, it is believed that colloidal objects can
easily sediment, or get aggregated, especially in con-
necting ducts, as will be demonstrated in the example
below. The invention prevents such aggregation and sed-
imentation. This is all the more beneficial as, in most mi-
crofluidic systems, the amount of fluid contained in con-
necting ducts is in fact larger than that contained in the
microfluidic device itself, so that the time spent by the
colloidal objects in the ducts is in fact longer than the time
spent in the microfluidic device itself.

EXAMPLE

[0102] The following example illustrates the invention
without limiting it.
[0103] In this example, magnetic beads were trans-
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ported through a microchannel in a microfluidic device
according to the embodiments illustrated in Fig.1 and
Fig.2.

[0104] The magnetic beads used were COOH-func-
tionalized Dynabeads® M270. 100 pL of bead solution
(at2x109beads / mL)was diluted in 500 p.L of phosphate
buffered saline. The dilute bead solution was placed in
a 2 mL microtube.

[0105] The microchannel was made of PDMS. lts di-
mensions were 150 pm X 50 um X 2 cm. A fluoropolymer
microtube having an internal diameter of 800 um was
used as the main connecting duct between the fluid res-
ervoir and the microchannel. A short section of a PEEK
tube having an internal diameter of 250 um was used as
a diameter adaptor between the inlet of the microfluidic
device and the fluoropolymer microtube.

[0106] A vibrating element, namely a Precision Drive
4 mm motor (304-101), was connected to the fluoropol-
ymer tube, at a distance of 5 cm from the inlet of the
microchannel. The amplitude of acceleration provided by
this motor, according to the provider, was 1.2 G. The
amplitude of vibration depends on the inertia and reso-
nance modes of the overall system, and therefore de-
pends on the length of the tube and on the details of the
positioning of the vibrator on the tube. In this case, it was
comprised between 0.5 and 5 mm. The vibration frequen-
cy of the vibrator was 280 Hz and the rotation speed was
16,000 turns/min, per provider’s specifications.

[0107] The diluted bead solution was transported from
the microtube to the microchannel, via the fluoropolymer
tube, at a flow rate of 25 pL/min (using a pressure control
device MFCS 4C 1 bar by Fluigent, together with a flow-
meter).

[0108] The microchannel was subjected to a magnetic
field of 30 mT by a copper solenoid having 600 turns (6
A, 31.5V).

[0109] The flow of beads in a detection zone of the
microchannel was monitored owing to a camera at 25
frames / s.

[0110] The results are shown in Fig.3 and 4. The pe-
riods marked "ON" are those during which the vibrating
element was operated.

[0111] It may readily be seen that the intensity fluctu-
ates less, i.e. the solution is more homogeneous, when
the vibrating element is activated.

Claims
1. A system comprising:

- at least one microfluidic device (1),

- at least one duct (3) in fluidic connection with
the microfluidic device (1), and

- atleast one vibrating element (8) connected to
the duct (3) and adapted to transmit mechanical
vibrations to the duct (3).
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The system of claim 1, wherein the mechanical vi-
brations have a frequency ranging from 1 Hz to 10
MHz, preferably from 10 Hz to 1 kHz.

The system of claim 1 or 2, wherein the duct (3) is
detachably connected to the microfluidic device (1);
and/or wherein the duct (3) is made of a flexible ma-
terial, which is preferably selected from glassy ma-
terials, resin materials, thermoplastic materials,
elastomeric materials, and combinations thereof,
and is more preferably selected from polyethylene,
polypropylene, fluoropolymers, polyether ether ke-
tone, polyimide, silicone and polyurethane.

The system of one of claims 1 to 3, wherein:

- the microfluidic device (1) comprises one or
more microchannels (2), the microchannels (2)
having a maximum dimension; and

- the distance between the connection (6) of the
duct (3) to the microfluidic device (1) and the
area of the duct (3) in which the mechanical vi-
brations are transmitted to the duct (3) is at least
1 time, preferably at least 5 times, more prefer-
ably at least 10 times the maximum dimension
of the microchannels (2).

The system of one of claims 1 to 4, wherein the dis-
tance between the connection (6) of the duct (3) to
the microfluidic device (1) and the area of the duct
(3) in which the mechanical vibrations are transmit-
ted to the duct (3) is at least 1 cm, preferably at least
2 cm, more preferably at least 5 cm.

The system of one of claims 1 to 5, which comprises
a plurality of vibrating elements (8) connected to the
duct (3) and adapted to transmit mechanical vibra-
tions to the duct (3), said plurality of vibrating ele-
ments (8) being spaced along the duct (3).

A method of performing an assay, comprising the
steps of:

- transmitting mechanical vibrations to at least
one duct (3) in fluidic connection with a micro-
fluidic device (1), by at least one vibrating ele-
ment (8) connected to said duct (3); and

- transferring a fluid through the duct (3) towards
or from the microfluidic device (1).

The method of claim 7, wherein the microfluidic de-
vice (1) and the duct (3) are part of the system of
one of claims 1 to 6.

The method of claim 7 or 8, wherein the fluid com-
prises a colloidal suspension, said colloidal suspen-
sion preferably comprising particles, vesicles,
beads, macromolecules, supramolecular assem-
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10.

1.

12.

13.

14.

15.

blies, cells, viruses, aggregates and/or organisms.

The method of one of claims 7 to 9, wherein the assay
is performed at leastin partin the microfluidic device,
said assay being selected from the group consisting
of sorting assays, screening assays, analysis as-
says, culture assays, catalysis assays, hybridization
assays, electrochemical reaction assays, enzymatic
reaction assays, immunoassays, chromatographic
separation assays, chemoluminescent reaction as-
says, immunocapture assays, affinity capture as-
says, elution assays, diagnosis assays and combi-
nations thereof; and/or wherein the method compris-
es a detection step and/or a step of collecting a sam-
ple from the microfluidic device.

A method of modifying a system comprising at least
one microfluidic device (1) and at least one duct (3)
in fluidic connection with the microfluidic device (1),
said method comprising a step of connecting at least
one vibrating element (8) to said duct (3), so that the
vibrating element is able to transmit mechanical vi-
brations to the duct (3).

The method of claim 11, comprising the step of di-
rectly attaching the vibrating element (8) to an exter-
nal surface of the duct (3); or of attaching the vibrat-
ing element (8) to a connecting support (9) and at-
taching the connecting support (9) to an external sur-
face of the duct (3).

The method of claim 11 or 12, wherein the modified
system is the system of one of claims 1 to 6.

A vibrating system comprising:

- a vibrating element (8);

- a connecting support (9);

wherein the vibrating element (8) is attached to
the connecting support (9), and the connecting
support (9) is adapted for being attached to an
external surface of a duct (3) feeding or collect-
ing fluid from or to a microfluidic device (1).

The vibrating system of claim 14, wherein the surface
area of the inner cross section of the duct (3) relative
to the direction of flow in the duct is from 0.0001 to
100 mm?2, preferably from 0.01 to 1 mm? ; and/or the
connecting support (9) is adapted for being detach-
ably attached to the external surface of the duct (3);
and/or the connecting support (9) comprises a first
through-hole (12) and a second through-hole (13),
wherein the first through-hole (12) is adapted for
lodging the duct (3) and the vibrating element (8)
comprises a mobile mass (15) which is fixedly insert-
ed in the second through-hole (13); and/or the max-
imum dimension of the vibrating system is less than
5 cm, preferably less than 2 cm.



EP 2 705 899 A1

4
1 P,\
J
7
2/
Fig. 1
11
14 ~ 18
19 ~--—--4 A . AR B
12
Fig. 2

10



EP 2 705 899 A1

T T T T T T
EEEEEEEEEEEEEEEEEEEENEEEEEEEEEEEEEEENEEEENEN
=
- O -
EEEEEEEEER EEEEEEEEN|
EEEEEEEEEEEEEEN EEEEEEEEEEEEEEENEENEN
P
o
L EEEEEEEEEEEERERER EEEEEEEEEEEEEEENEEEENEN] T
EEEEEEEEEEEEEEEER AN EEEEEEEEEEEEEEEENEN|
L = -
o
EEEEEEEEEEERE SEEEEEEEEEEN|
I *W 1 I 1 I
= = = = = = =
| = = (B} o = [
T} = ) ] oo oo =
oo ua} oo na} = = P~

G NH]

400 GO0 00 a0 1200 1400

200

Fig. 3

200

1200 140

oo

@00 1

BO0

400

200

Fig. 4

1"



EP 2 705 899 A1

Patantamt
0 E:tr:r':: Enffi:e Application Number
Office européen EUROPEAN SEARCH REPORT

=

EPO FORM 1503 03.82 (P04C01)

des brevets EP 12 30 6073
DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of g?rcel.llren\:ear:tv:’zgsiggi:sation, where appropriate, E{)eéle;/i;nt glﬁéf%il_ﬁéﬂoup%l; THE
X EP 1 510 250 A2 (FUJI PHOTO FILM CO LTD 1-5,7-19 INV.
[JP] FUJIFILM CORP [JP]) BO1F13/00
2 March 2005 (2005-03-02) BO1F11/02
A * figures 1-4 * 6
* paragraph [0029] - paragraph [0040] *
X CH 702 439 Al (DOEBELIN WERNER [CH]) 1-5,7-13
30 June 2011 (2011-06-30)
* paragraphs [0008], [0009] *
* figures 1,2 *
X US 2009/038932 Al (DENSLOW KAYTE M [US] ET|1,2,
AL) 12 February 2009 (2009-02-12) 4-11,13
* figure 1 *
* paragraphs [0009], [0021] - [0024] *
X US 2007/262163 Al (LE PESANT JEAN-PIERRE (1,2,4,5,
[FR] ET AL) 15 November 2007 (2007-11-15) (7-9,14,
15
* abstract *
* figures 1,3 * TECHNICAL FIELDS
_____ SEARCHED (IPC)
X EP 0 187 324 Al (TECHNICON INSTR [US]) 14,15 BO1F
16 July 1986 (1986-07-16)
A * abstract; figures 1-5 * 1-13
X DE 295 08 672 Ul (MGV MOEST SPRITZGERAETE (14,15
PROD [DE]) 10 August 1995 (1995-08-10)
A * figures 1,2 * 1-13
* page 3 - page 4 *
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 1 February 2013 Krasenbrink, B
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
Atechnological background e e e e e r e e
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

12




EP 2 705 899 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 12 30 6073

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

EPO FORM P0459

The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

01-02-2013
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 1510250 A2 02-03-2005 AT 405339 T 15-09-2008
CN 1597077 A 23-03-2005
EP 1510250 A2 02-03-2005
JP 2005077219 A 24-03-2005
US 2005058014 Al 17-03-2005
CH 702439 Al 30-06-2011 CH 702439 Al 30-06-2011
EP 2521910 Al 14-11-2012
WO 2011085791 Al 21-07-2011
US 2009038932 Al 12-02-2009 CA 2629985 Al 08-02-2009
US 2009038932 Al 12-02-2009
US 2007262163 Al 15-11-2007 AU 2005300471 Al 11-05-2006
BR PI10517267 A 07-10-2008
CA 2585329 Al 11-05-2006
CN 101065192 A 31-10-2007
EP 1809424 Al 25-07-2007
FR 2877241 Al 05-05-2006
JP 2008517756 A 29-05-2008
RU 2381075 C2 10-02-2010
US 2007262163 Al 15-11-2007
WO 2006048523 Al 11-05-2006
EP 0187324 Al 16-07-1986 AU 586211 B2 06-07-1989
AU 5167785 A 10-07-1986
CA 1259064 Al 05-09-1989
DE 3574458 D1 04-01-1990
EP 0187324 Al 16-07-1986
JP 61161129 A 21-07-1986
us 4610546 A 09-09-1986
DE 29508672 Ul 10-08-1995  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

13




EP 2 705 899 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

«  TW 200914831 [0004] * WO 9933559 A [0009]

* WO 9606158 A [0005] « WO 2008156837 A [0011]

* US 20090252658 A [0006] * WO 9815825 A [0012]

* WO 2008104916 A [0008] * WO 2005084380 A [0013] [0016]

14



	bibliography
	description
	claims
	drawings
	search report

