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(54) Microfluid device including a flow-regulating chamber

(57) A microfluidic device (100) characterized in that
it comprises at least one row (R1, R2, ..., RN) of cham-
bers, said at least one row of chambers comprising :
· a first auxiliary channel (11) and a second auxiliary chan-
nel (12), each auxiliary channel (11, 12) having an inlet
(E11, E12) for a fluid;
· at least two chambers (21, 22, ..., 2n) interconnecting
the two auxiliary channels (11, 12), each auxiliary chan-
nel (11, 12) having for this purpose a branch connection
(D21, D22, ..., D2n; D’21, D’22, ..., D’2n) leading to each a
corresponding chamber (21, 22, ..., 2n); said first auxil-
iary channel (11) including a portion (P) extending be-
tween the inlet (E11) of the first auxiliary channel (11) and
the branch connection (D21) of the first auxiliary channel
(11) leasding to a first chamber (21), which portion in-
cludes means (20) for causing, during the filling of the

device (100), the travel time of the fluid passing via the
first auxiliary channel (11) between the inlet (E11) of the
first auxiliary channel (11) and a branch connection (D21,
D22, ..., D2n) of the first auxiliary channel (11) to be longer
than or equal to the travel time of the fluid passing via
the second auxiliary channel (12), a branch connection
(D’21, D’22, ..., D’2n) of the second auxiliary channel (12)
and the corresponding chamber (21, 22,..., 2n) between
the inlet (E12) of the second auxiliary channel (12) and
said branch connection (D21, D22, ..., D2n) of the first aux-
iliary channel (11); and
· at least one outlet (S, S12, S22) for exhaust in the fluid
from the auxiliary channels (11, 12), said at least one
outlet being arranged after the last chamber (2n) inter-
connecting the auxiliary channels (11, 12).



EP 3 009 189 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The invention relates to a microfluidic device
including at least one no-flow chamber.
[0002] The term "microfluidic device" is used to mean
a device having at least one dimension that is strictly less
than 1 millimeter (mm).
[0003] In particular, the microfluidic device may be for
receiving one or more biological cells, especially non-
adhesive biological cells.
[0004] In order to study cells, they are generally
housed in a chamber containing a fluid forming a culture
medium for the cells.
[0005] An important aspect of this type of study is to
be able to feed the cells with a culture medium that can
be renewed easily, but that remains static while the study
is taking place.
[0006] Specifically, a convective flow through the
chamber modifies the culture conditions for the cells. Fur-
thermore, and more critically, the presence of a convec-
tive flow can prevent tracking of cells that present little
adhesion and that are moved by the flow.
[0007] Chunxiong Luo & al., "High-throughput micro-
fluidic system for monitoring diffusion-based monolayer
yeast cell structure over long time periods", Biomed
Microdevices (2009), vol. 11, pp. 981-986 proposes such
a microfluidic device (D1).
[0008] Figure 1(a) is a general diagram of that device
100’ seen in plan view. Figures 1(b) to 1(d) are perspec-
tive views showing the various steps in filling a chamber
20’ of that device 100’ with a fluid that is to form a culture
medium for cells.
[0009] The device 100’ has a main channel 10’ and a
plurality of chambers 20’ situated along and on either
side of the main channel 10’. East chamber 20’ is for
receiving one or more cells for study.
[0010] Figure 1(b) is an enlargement of a diagram of
Figure 1(a), showing a chamber 20’ before being filled
with any fluid.
[0011] When a fluid is brought in via the inlet E’ of the
main channel 10’, the fluid enters into the chamber 20’.
Nevertheless, the air that was present in the chamber
20’ before it was filled with fluid cannot escape from the
chamber 20’.
[0012] That is a situation that can be seen in Figure
1(c).
[0013] Also, in order to exhaust the air present in the
chamber 20’, the authors make use of chambers made
of a material that is porous to air, e.g. polydimethyl si-
loxane, better known under the acronym PDMS. By plac-
ing the device under a vacuum, the pressure difference
between the air present in the chamber 20’ and the out-
side of the chamber 20’, which is evacuated, together
with the fact that PDMS is porous, and thus permeable
to air, enables the air to be exhausted out from the cham-
ber 20’.
[0014] After that step, a chamber 20’ is thus obtained
at that is filled with the fluid that is to form the culture

medium for the cells.
[0015] That is the situation shown in Figure 1(d).
[0016] The chamber 20’ is then not subjected to any
convective flow, with the fluid passing along the main
channel 10’ without entering into the chamber 20’.
[0017] When it is desired to renew the culture medium,
a new fluid is introduced into the device 100’ and this
fluid enters the chamber 20’ by diffusion.
[0018] The design of that device 100’ is rather con-
straining since it imposes making use of a porous material
in order to form the chamber 20’. Without a porous ma-
terial to form the chamber 20’, the chamber 20’ would
contain air so that the device 100’ could not be used.
[0019] An object of the invention is to mitigate at least
one of the above-mentioned drawbacks.
[0020] In order to achieve this object, the invention pro-
vides a microfluidic device characterized in that it com-
prises at least one row of chambers, said at least one
row of chambers comprising :

· a first auxiliary channel and a second auxiliary chan-
nel, each auxiliary channel having an inlet for a fluid;
· at least two chambers interconnecting the two aux-
iliary channels, each auxiliary channel having for this
purpose a branch connection leading to each a cor-
responding chamber ;
said first auxiliary channel including a portion extend-
ing between the inlet of the first auxiliary channel and
the branch connection of the first auxiliary channel
leasding to a first chamber, which portion includes
means for causing, during the filling of the device,
the travel time of the fluid passing via the first auxil-
iary channel between the inlet of the first auxiliary
channel and a branch connection of the first auxiliary
channel to be longer than or equal to the travel time
of the fluid passing via the second auxiliary channel,
a branch connection of the second auxiliary channel
and the corresponding chamber between the inlet of
the second auxiliary channel and said branch con-
nection of the first auxiliary channel; and
· at least one outlet for exhaust in the fluid from the
auxiliary channels, said at least one outlet being ar-
ranged after the last chamber interconnecting the
auxiliary channels.

[0021] The device according to the invention may also
comprise the following features, taken alone or in com-
bination:

- the means for causing, during the filling of the
device , the travel time of the fluid passing via the
first auxiliary channel between the inlet of the first
auxiliary channel and a branch connection of the first
auxiliary channel to be longer than or equal to the
travel time of the fluid passing via the second auxil-
iary channel, a branch connection of the second aux-
iliary channel and the corresponding chamber be-
tween the inlet of the second auxiliary channel and
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said branch connection of the first auxiliary channel
is constituted by a means that is passive;

- the passive means comprises one or more cham-
bers;

- the passive means comprise a chamber identical to
at least one of the chambers interconnecting the two
auxiliary channels;

- each chamber interconnecting the two auxiliary
channels presents a rectangular or square shape
with rounded corners or a rounded shape;

- a plurality of chambers interconnecting the two aux-
iliary channels are identical, and preferably all of the
chambers interconnecting the two auxiliary channels
are identical;

- the chambers interconnecting the two auxiliary chan-
nels are arranged at regular intervals (d) along said
auxiliary channels;

- the auxiliary channels are arranged at a constant
distance between at least two successive chambers
of said plurality of chambers interconnecting the two
auxiliary channels and preferably, between the first
chamber and the last chamber interconnecting the
two auxiliary channels;

- the device comprises at least five chambers inter-
connecting the two auxiliary channels;

- each auxiliary channel leads to an outlet specific to
each auxiliary channel;

- the auxiliary channels lead to a common outlet;
- the common outlet is provided on the first auxiliary

channel;
- a main channel is provided having an inlet for a fluid,

said main channel splitting at a main branch connec-
tion between said main channel and said auxiliary
channels in such a manner that said main branch
connection coincides both with the inlet of the first
auxiliary channel and with the inlet of the second
auxiliary channel;

- there is provided a pluralty of rows of chambers, said
rows being arranged in parallel with one another;

- there is provided, between the inlet for the fluid and
each main branch connection of the row in question,
at least one main row branch connection for feeding
each row with fluid from a fluid inlet common to all
of the device.

[0022] Other characteristics, objects, and advantages
of the invention are described in the following detailed
description made with reference to the accompanying
figures, in which:

· Figure 2 is a diagrammatic plan view showing an
embodiment of a device in accordance with the in-
vention;
· Figures 3(a), 3(b), 3(c) and 3(d) are likewise dia-
grammatic plan views showing variants of the em-
bodiment of the invention shown in Figure 2;
· Figure 4 is a diagram showing an embodiment hav-
ing a row of chambers made up of a plurality of cham-

bers for receiving one or more cells to be studied;
· Figure 5 is a diagram showing an alternative device
to the device of Figure 4;
· Figure 6 is a diagram showing an embodiment hav-
ing a plurality of rows of the kind shown in Figure 4,
said rows being arranged in parallel;
· Figure 7 shows a device similar to the device of
Figure 6, and that has been used for performing ex-
perimental tests (24 rows of chambers arranged in
parallel, 36 chambers per row);
· Figure 8 is an enlarged view of the Figure 7 device,
showing one chamber;
· Figure 9 shows, as a function of time, the principle
for filling the various chambers of a chamber row as
shown in Figure 7, the filling being represented with
the help of video pictures taken during the experi-
ment;
· Figure 10 (a) plots up the ordinate axis the fluid flow
speed inside chambers of a row of Figure 7, and
along the abscissa axis the number of the chamber
in question, for fluid having an inlet flow speed of 150
micrometers per second (mm/s), and Figure 10(b)
plots up the ordinate axis the fluid flow speed inside
chambers of the same row, and along the abscissa
axis the number of the chamber in question, for fluid
having an inlet flow speed of 1500 mm/s;
· Figure 11 is an experimental display showing
whether fluid movement is present or absent within
the various chambers of the row in question;
· Figure 12 is an enlargement of Figure 11, showing
chambers in which there is no movement of fluid by
convection; and
· Figure 13 shows another embodiment relating to
the management of fluid inlets;
· Figure 14(a) shows a system comprising a device
according to the invention and a means for feeding
said device with a fluid and figure 14(b) shows an-
other embodiment of such a system.

[0023] Figure 2 shows an embodiment of the invention.
[0024] The device 100 is a microfluidic device having
a main channel 10 with an inlet E for a fluid. At a main
branch connection DP, the main channel 10 splits into a
first auxiliary channel 11 and a second auxiliary channel
12.
[0025] The device 100 also has a chamber 21 connect-
ing together the two auxiliary channels 11 and 12, each
auxiliary channel 11, 12 having, for this purpose, a re-
spective branch connection D21, D’21 leading to the
chamber 21. By "branch connection" D21, D’21, we can
hear a connection point or junction between each auxil-
iary channel 11, 12 and the sub-channel SC21, SC’21
leading to the chamber 21 itself. The sub-channels will
not be further referenced in the description which follows,
except in figure 8 (SC2i; SC’2i).
[0026] The device 100 also has a second chamber 22
connecting together the two auxiliary channels 11 and
12, each auxiliary channel 11, 12 having, for this purpose,
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a respective branch connection D22, D’22 leading to the
chamber 22.
[0027] The branch connections D21, D22 are located
on the first auxiliary channel 11. The branch connections
D’21, D’22 are located on the second auxiliary channel 12.
[0028] The chambers 21, 22 are advantageously iden-
tical. The auxiliary channels 11, 12 may be arranged such
that the distance D between them is constant between
the two chambers 21, 22.
[0029] Furthermore, the first auxiliary channel 11 in-
cludes a portion P (drawn in dashed lines) that extends
between the main branch connection DP and the branch
connection D21 of the first auxiliary channel 11 going to-
wards the chamber 21, which portion includes a means
20 for causing, during the filling of the device 100, the
travel time of the fluid passing via the auxiliary channel
11 between the main branch connection DP and a branch
connections D21, D22 of the first auxiliary channel 11 lead-
ing to a corresponding chamber 21, 22 to be longer than
or equal to the travel time of the fluid passing via the
second auxiliary channel 12, a branch connection D’21,
D’22 and the corresponding chamber 21, 22 between the
main branch connection DP and said branch connection
D21, D22 of the first auxiliary channel 11 leading to said
corresponding chamber 21, 22. The main branch con-
nection DP coincides with the inlet E11 of the first auxiliary
channel 11 and with the inlet E12 of the second auxiliary
channel 12.
[0030] The device 100 also has an outlet S for the fluid,
which outlet is common to both auxiliary channels 11 and
12. This outlet S is arranged after the last chamber 22
interconnecting the auxiliary 11, 12 channels, namely af-
ter the branch connections D22 and D’22. The wording
"after" is with reference to the travel direction of the fluid
from the inlet towards the common outlet S. This wording
will have the same meaning for the remaining of the de-
scription with respect to the or each outlet.
[0031] The means described above form a row of
chambers for the device.
[0032] When it is desired to fill the device 100 with a
fluid, e.g. a fluid that is to form a culture medium for cells
that are to be received in the chamber 21, the fluid reach-
es the branch connection D21 via the second auxiliary
channel 12, and then the chamber 21 by passing via the
branch connection D’21, before the same fluid reaches
the branch connection D21 via the first auxiliary channel
11.
[0033] As a result, the chamber 21 can be filled with
fluid while expelling the air that was present therein by
enabling the air to be exhausted towards the outlet S via
the branch connection D21.
[0034] A chamber 21 is thus obtained that does not
include a pocket of air.
[0035] The same happens with the chamber 22.
[0036] A chamber 21, 22 may have a rectangular or
square shape, advantageously with rounded corners, or
alternatively a rounded shape. Such a rounded shape
avoids any risk that air remains trapped in the chamber

21.
[0037] Unlike the teaching of document D1, air is ex-
hausted from the chamber 21, 22 independently of the
nature of the material used for making the chamber 21,
22. It is thus possible to envisage using any type of bio-
compatible material, and in particular materials that are
inexpensive and/or that are not likely to give rise to other
problems such as the culture medium evaporating or bac-
terial contamination through a porous wall.
[0038] Furthermore, when it is desired to renew the
culture medium, the fluid propagates by diffusion in the
no-flow chambers (no convective flow) more quickly, con-
sidering a similar chamber, than in the device disclosed
in document D1, as for each chamber 21, 22, there are
two entries, namely D21, D’21 for the first chamber 21 and
D22, D’22 for the last chamber 22. Another way to see
this advantage is to say that, in the frame of the invention,
a bigger chamber 21, 22 may be used for a same filling
time compared to document D1.
[0039] Also, once the device 100 is full, the fluid enter-
ing via the inlet E of the device 100 passes via the aux-
iliary channels 11 and 12 passes towards the outlet S
without passing via the chamber 21, because of the pres-
sure balance across the chamber 21, thus making it pos-
sible to obtain a chamber 21 in which there is no convec-
tive flow. Once the device 100 is full, the travel time of
the fluid passing via the first auxiliary channel 11 is longer
than or equal to the travel time of the fluid passing via
the second auxiliary channel 12 between the entry E and
the outlet S.
[0040] The presence of the chamber 22 is also of use
to ensure that once the device 100 is full of fluid, this
pressure balance is maintained across the chamber 21.
[0041] This can be seen more clearly below, with ref-
erence to experimental tests.
[0042] It should be observed that the means 20 for
causing, during the filling, the travel time of the fluid pass-
ing via the first auxiliary channel 11 between the main
branch connection DP and a branch connection D21, D22
to be longer than or equal to the travel time of the fluid
passing via the second auxiliary channel 12, a branch
connection D’21, D’22 and the corresponding chamber
21, 22 between the main branch connection DP and said
branch connection D21,D22 of the first auxiliary channel
11 is advantageously constituted by a means that is pas-
sive.
[0043] As nonlimiting examples, this passive means
20 may be formed by a single chamber, a plurality cham-
bers, or indeed one or more zigzag paths.
[0044] This passive means 20 may be arranged to de-
fine a volume that is not less than the volume of the cham-
ber 21 connecting together the two auxiliary channels 11
and 12. In particular, the passive means 20 may be a
chamber identical to the chamber 21 connecting together
the two auxiliary channels 11 and 12.
[0045] A passive means 20 is advantageous because
it is simpler than an active means.
[0046] However, in an alternate embodiment, the
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means 20 may be active, for example formed by a valve
20 controlled by a control means 201, for example an
electronic control means, adapted for causing, during the
filling of the device 100, the travel time of the fluid passing
via the auxiliary channel 11 between the main branch
connection DP and a branch connections D21, D22 of the
first auxiliary channel 11 leading to a corresponding
chamber 21, 22 to be longer than or equal to the travel
time of the fluid passing via the second auxiliary channel
12, a branch connection D’21, D’22 and the corresponding
chamber 21, 22 between the main branch connection DP
and said branch connection D21, D22 of the first auxiliary
channel 11 leading to said corresponding chamber 21,
22.
[0047] This is illustrated in figure 3(d), as an alternate
embodiment to the embodiment of figure 2. Of course,
an active means 20 may be envisaged for all the embod-
iments concerned by the invention.
[0048] In general manner, the main channel 10 may
have a width lying in the range 10 mm to 500 mm. Each
auxiliary channel 11 and 12 may have a width lying in
the range 10 mm to 500 mm. Finally, the chamber 21
connecting together the two auxiliary channels 11 and
12 may present sides of at least 100 mm each. The depths
of the channels 10, 11, and 12, and of the chamber 21
should generally be a few tens of micrometers, e.g. 20
mm. The chamber 22 may have the same dimensions as
the dimensions of the first chamber 21.
[0049] The various channels 10, 11, and 12 may
present a section that is circular, rectangular, or square
in shape.
[0050] Finally, it should be observed that the device is
to be located mainly in a plane (O; X, Y), where the ref-
erence frame (0; X, Y, Z) forms a right-handed rectan-
gular frame of reference. The device 100 has a certain
thickness (OZ axis), but the phenomena of interest (fluid
passing from the inlet towards the outlet; fluid passing
through each chamber 21, 22 while it is filling) take place
in the two dimensions of the plane (O; X, Y). In this sense,
the device constitutes a two-dimensional (2D) device.
Furthermore, the device 100 is advantageously to be lo-
cated in a plane (O; X, Y) that is horizontal.
[0051] Figures 3(a), 3(b), and 3(c) show variants of the
embodiment of the invention shown in Figure 2, in which
the fluid outlets are different.
[0052] In Figure 3(a), a respective outlet S11, S12 is
provided for each auxiliary channel 11, 12, after the last
chamber 22. In Figure 3(b), a common outlet S11 is pro-
vided for both auxiliary channels 11 and 12, which outlet
is provided on the first auxiliary channel 11, after the last
chamber 22. In Figure 3(c), a common outlet S12 is pro-
vided for both auxiliary channels 11 and 12, which outlet
is provided on the second auxiliary channel 12, after the
last chamber 22. Depending on the configuration, the or
each outlet is more precisely located after a branch con-
nection D22 or D’22. All of the other means in these variant
embodiments are identical to those of the embodiment
shown in Figure 2. Figure 4 shows another embodiment

of the invention.
[0053] In this embodiment, it can be seen that there
are a plurality of chambers 21, 22, 23, 24, ..., 2n (n > 2)
connecting together the two auxiliary channels 11 and
12, and spaced apart along said auxiliary channels 11
and 12.
[0054] The chambers 21, 22, ..., 2n are advantageous-
ly identical.
[0055] The chambers 21, 22, ..., 2n are advantageous-
ly arranged at regular intervals along said auxiliary chan-
nels 11 and 12. In this situation, this means that the dis-
tance d between two successive chambers 21, 22, ..., 2n
and more precisely between two successive branch con-
nections to an auxiliary channel 11, 12 leading to one of
the chambers in the plurality of chambers 21, 22, ..., 2n
is constant. This is as shown in Figure 4.
[0056] In addition, the auxiliary channels 11, 12 are
advantageously arranged at a constant distance D be-
tween at least two successive chambers of said plurality
of chambers 21, 22, ..., 2n interconnecting the two aux-
iliary channels 11, 12. Preferably, the auxiliary channels
11, 12 are arranged at a constant distance D between
the first chamber 21 and the last chamber 2n intercon-
necting the two auxiliary channels 11, 12.
[0057] From a general point of view, the device 100
may comprise at least five chambers 21, 22, ..., 2n inter-
connecting the two auxiliary channels 11, 12, or at least
eight chambers interconnecting the two auxiliary chan-
nels 11, 12, or at least ten chambers interconnecting the
two auxiliary channels 11, 12. Preferably, the device 100
will comprise at least twenty of these chambers or even
at least thirthy of these chambers. Numerous chambers
allow testing numerous cells in the same device.
[0058] In Figure 4, it can also be seen that there is only
one common outlet S11 for the fluid, which outlet is situ-
ated on the first auxiliary channel 11, after the last cham-
ber 2n. More precisely, the outlet S11 is situated after the
branch connection D2n between the first auxiliary chan-
nel 11 and the last chamber 2n.
[0059] The way this outlet is arranged is merely one
possible example.
[0060] It would equally be possible to provide, on the
device 100 shown in Figure 4, an outlet that is common
as shown in Figure 2. In a variant, it would also be pos-
sible to provide, on the device 100 shown in Figure 4, a
respective outlet S11, S12 for each auxiliary channel 11,
12, as shown in Figure 3(a).
[0061] In a variant, it would also be possible to provide
the device 100 shown in Figure 4 with a common outlet
S12 that is situated on the second auxiliary channel 12,
after the last chamber 2n. The outlet S12 would then be
situated after the branch connection D’2n between the
first auxiliary channel 12 and the last chamber 2n. This
situation is shown in Figure 5.
[0062] An advantage of providing numerous chambers
21, 22, ..., 2n is to be able to test numerous cells in the
various chambers. Furthermore, and as explained below,
this also makes it possible to increase the filling rates of
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the device 100, while keeping certain chambers without
any convective flow.
[0063] Figure 6 shows another embodiment of the in-
vention.
[0064] In this embodiment, there are provided a plu-
rality of rows R1, R2, R3 of chambers, each row having
a plurality of chambers (i.e. n = 2 or n > 2) interconnecting
two auxiliary channels. In Figure 6, it can also be seen
that the row R2 corresponds to the diagram of Figure 4
with n = 8 (the first chamber 20 forming the means for
providing the delay).
[0065] The rows R1 and R3 are arranged in parallel
with the row R2.
[0066] The rows R1 and R3 are advantageously iden-
tical to the row R2.
[0067] In order to feed these rows, it is then appropriate
to provide the main channel 10 with a main row branch
connection DPR suitable for feeding each of the rows
R1, R2, and R3. This branch connection DPR is upstream
from the main branch connection DP, "upstream" being
relative to the flow direction of the fluid in the device 100.
This branch connection DPR serves to feed the main
channel 102, 103 of each additional row R1, R3. Once
again, the main branch connection DP coincides with the
inlet E11 of the first auxiliary channel 11 and with the inlet
E12 of the second auxiliary channel 12.
[0068] Furthermore, as shown in Figure 6, since the
rows R1, R2, and R3 are identical, each has a single
respective outlet S11,R1, S11,R2, or S11,R3 arranged as
shown in the diagram of Figure 4.
[0069] Nevertheless, it is equally possible to provide,
one outlet the auxiliary channel for each row R1, R2, R3,
as shown in the diagram of Figure 3(a), or one outlet in
common as shown in the diagram of Figure 2, i.e. a single
common outlet connected to all of the auxiliary channels
of each row. In a variant, a common outlet may be pro-
vided connected to one of the auxiliary channels of each
row, which may be an auxiliary channel of the same type
as the channel 11 (Figure 4), or which may be an auxiliary
channel of the same type as the channel 12 (Figure 5).
[0070] Naturally, Figure 6 merely shows one example,
and more generally it is possible to provide N rows, with
N > 1.
[0071] In Figure 7, there can be seen a device 100 in
accordance with the invention that has been used for
performing experimental tests. This experimental device
has 24 rows (N = 24; the rows R1 and R24 being identified
in Figure 7) and 36 chambers the row (chamber numbers
1 and 36 are identified in Figure 7).
[0072] All of the rows are identical.
[0073] All of the chambers of each row are identical.
In particular, this means that, specifically, the means 20
for providing a time offset is a chamber identical to the
other chambers.
[0074] It should be observed that, for each row, the
chamber numbered 1 corresponds to a chamber 20 (cf.
Figures 2 to 6) forming the passive means for imparting
a time offset while filling of the experimental device with

the fluid. Thus, for each row, the chamber numbered 2
corresponds to the chamber 21 (cf. Figures 2 to 6) and
the chamber numbered 36 corresponds to the chamber
2n with n = 35 (cf. Figures 4 to 6).
[0075] In this experimental device, each row R1 to R24
provides an outlet arranged in accordance with Figures
4 and 6.
[0076] A characteristic length L of this experimental
device is shown in Figure 7; namely L = 12.5 mm
[0077] Figure 8 shows more precisely the characteris-
tic widths of the experimental device in a chamber 2i (0
≤ i ≤ n=35).
[0078] The first auxiliary channel 11 presents a section
that is rectangular, of width (axis OY) equal to 75 mm.
The chamber 2i presents a shape that is substantially
square with rounded corners, and each side presents a
length of 300 mm (axis OY or axis OX). The second aux-
iliary channel 12 presents a section that is rectangular,
of width (axis OY) equal to 100 mm. The passage con-
necting the chamber 2i to each of the auxiliary channels
11, 12 presents a width of 50 mm. For all of these means,
the depth (axis OZ) is 20 mm.
[0079] Furthermore, at the inlet E, the channel
presents a width of 500 mm, still with a depth of 20 mm.
[0080] Specifically, the experimental device was made
of PDMS.
[0081] More precisely, the experimental device was
made as follows.
[0082] A layer of positive photosensitive resist
(AZ9260; AZ Electronic Materials) was spin-coated onto
a silicon substrate at 750 revolutions per minute (rpm)
for 60 seconds (s). That produced a resist layer having
a thickness of 20 mm.
[0083] The resist, once on its substrate, was pre-baked
for 1 minute (min) at 60°C and then for 4 min at 110°C.
[0084] It was exposed to ultraviolet (UV) through a pho-
tomask (Toppan) laying bare the areas of interest (for
obtaining the shape desired for the experimental device)
for 50 s (exposure of 35 milliwatts per square millimeter
(mW/mm2) at a wavelength of 405 nm, and of 16
mW/mm2 at a wavelength of 365 nm; those being the
two wavelengths of the lamp used) onto a mask aligner
(MJB4, SussMicroTec), developed in AZ400K 1:4 (AZ
Electronic Materials) for 60 s.
[0085] It was washed in deionized water.
[0086] The layer of photosensitive resist was then dried
by air-blow.
[0087] PDMS (kit sylgard, Dow Corning) was mixed
with a curing agent, degassed, poured into a mold, and
cured for 1 hour (h) at 100°C on a hot plate.
[0088] The layer of PDMS was then removed.
[0089] The PDMS having the shape desired for making
the experimental device, and a standard glass slide
(borosilicate glass) were oxidized under plasma for 10 s
at 100 W (Femto, Diener Electronics) and put into contact
to ensure bonding and prevent any leakage of fluid in
use. Prior to bonding, orifices were formed in the PDMS
for subsequent connection with the fluid feed.
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[0090] Thereafter, the connections were made for the
fluid feeds. For this purpose, the device as obtained at
this stage was connected to a pump via capillaries, the
capillaries being inserted in the orifices in the PDMS. The
other ends of the capillaries were connected to a reservoir
for containing the fluid for feeding to the experimental
device.
[0091] The fluid used was water.
[0092] Two tests were performed, one with an inlet flow
speed E of VE = 150 mm/s, and the other with an inlet
flow speed of VE = 1500 mm/s.
[0093] The results obtained are described below with
reference to Figures 10(a), 10(b), 11, and 12.
[0094] Nevertheless, to begin with, Figure 9 is an ex-
perimental display showing how the experimental device
becomes filled as a function of time.
[0095] At time t = 0.6 s it can be seen that the fluid has
filled the chamber 21 up to the branch connection D21 by
passing via the second auxiliary channel 12, before the
fluid reaches the same branch connection D21 by
traveling along the first auxiliary channel 11.
[0096] It can be seen that this same principle applies
for the other chambers at multiples of 0.6 s.
[0097] Figure 10(a) is an experimental result obtained
for fluid admitted into the experimental device at a flow
speed of VE = 150 mm/s, after fluid has filled the entire
experimental device.
[0098] The chamber number for the row in question is
plotted along the abscissa axis ("position"), and the fluid
flow speed VC through the chamber in question is plotted
up the ordinate axis (it should be recalled that the cham-
ber numbered 1 is the chamber that is used for imparting
the time offset; it corresponds to the chamber 20 in Fig-
ures 4 to 6).
[0099] It should be observed that the chambers num-
bered 2 and 3 are subjected to a convective flow, i.e. fluid
passes through these chambers by convection.
[0100] In contrast, the chambers numbered 4 to 32 are
without flow. This is associated with the fact that pressure
is balanced, on either side of each chamber in question.
[0101] The last chambers, i.e. the chambers numbered
33 to 36, are likewise subjected to the passage of fluid.
The inventors believe that this is associated with the fact
that the second auxiliary channel does not continue be-
yond the last chamber 2n, specifically on the second aux-
iliary channel 12, which implies a special limit condition.
[0102] In Figure 10(b), the inlet flow speed is multiplied
by a factor of 10 and is thus given by VE = 1500 mm/s.
[0103] Qualitatively speaking, the results shown in Fig-
ure 10(b) are similar to those shown in Figure 10(a).
[0104] In contrast, qualitatively speaking, there are sig-
nificant differences.
[0105] Specifically, on comparing the results of Figure
10(b) with the results of Figure 10 (a), it can be seen that
the absolute values for fluid flow speed within a given
chamber are higher. This is easily understood since the
inlet fluid flow speed is likewise higher (by a factor of 10).
[0106] Nevertheless, an interesting aspect lies in the

fact that, for an inlet fluid flow speed of 150 mm/s, only
the chambers numbered 2 and 3 are subjected to passing
a (convective) flow, whereas for the flow speed of 1500
mm/s, it is the chambers numbered 2, 3, 4, and 5 that are
subjected to a flow. Furthermore, when considering a
given chamber, e.g. the chamber numbered 2, it can be
seen that the ratio of the fluid flow speed through the
chamber divided by the fluid flow speed at the inlet to the
device is smaller for an inlet fluid flow speed of 150 mm/s
(ratio = 4/150) than it is for an inlet fluid flow speed of
1500 mm/s (ratio ≅ 50/1500; a reduction of about 20%).
[0107] Reducing the fluid flow speed at the inlet thus
makes it possible to limit the number of chambers that
are subjected to a convective flow of fluid.
[0108] This shows clearly that, for an inlet flow speed
to the device that is small enough, it is entirely possible
to obtain a chamber in which there is no convective flow
with a device having only two chambers numbered 2 and
3 (i.e. a chamber 21 and a chamber 22 as shown in Fig-
ures 2 and 3; with the chamber 20 serving to provide the
time offset not being taken into consideration and with
the chamber 21 having no flow). Under such circum-
stances, the inventors consider that the chamber 22
plays a role in balancing pressures on either side of the
chamber 21. The chamber 21 can thus be entirely without
convective flow, under certain flow speed conditions,
when using a device 100 as shown in any one of the
devices shown in Figures 2, 3(a), 3(b), or 3(c).
[0109] In practice, it is nevertheless advantageous to
provide for a plurality of chambers, with n >> 2 in order
to study numerous cells at the same time and in order to
be able to change the culture medium quickly, typically
in a few minutes. Typically, it is possible to provide more
than ten chambers 21, 22, ..., 2n per row, and more par-
ticularly several tens of chambers of this type.
[0110] Figure 11 shows a display obtained during test-
ing with an inlet fluid flow speed VE = 1500 mm/s. It con-
firms (to the left and to the right) that certain chambers
are subjected to a convective flow, but above all that other
chambers (in the middle) are not subjected to any con-
vective flow while fluid is flowing in the auxiliary channels
11 and 12. For this purpose, the fluid contained particles
identifiable with the method used for producing the dis-
play (the particles appear white).
[0111] Figure 12 is an enlargement of Figure 11 show-
ing chambers without flow.
[0112] Another interesting aspect of the invention re-
lates to renewing the fluid.
[0113] In this respect, an additional test was performed
in which the colorless fluid (water with particles) was
changed for a colored fluid. Those tests reveal that
changing the fluid lead to no change concerning the ab-
sence of convective flow in the "no-flow" chambers, but
that the colored fluid did penetrate into those chambers
by diffusion. With the device of the invention, it is thus
easy to change the culture medium for the cells, without
modifying flow conditions.
[0114] It should be noted that, when it is desired to
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introduce biological cells in the device, it is advanta-
geously carried out by including such cells in the fluid
during the filling of the device.
[0115] In addition, the device 100 may be made of other
types of materials than PDMS, as a porous medium is
not necessary for the chambers 20, 21, ..., 2n.
[0116] For example, the device 100 may be made of
plastics such as polystyrene (PS), polycarbonate (PC),
polymethylmethacrylate (PMMA) or polypropylene (PP).
The companies Greiner or Ibidi provides such plastics
for microfluidic applications.
[0117] Indeed, using a porous material is not ideal
since such a material can give rise to problems such as
the culture medium evaporating or bacterial contamina-
tion.
[0118] According to other examples, the device 100
may be made of Thermoset Polyester (TPE), Poly-
urethane Methacrylate (PUMA) or NorlandAdhesive 81
(NOA81).
[0119] Finally, it should be observed that for all of the
above-described embodiments, only one fluid inlet E is
provided.
[0120] This is particularly advantageous.
[0121] Nevertheless, in all of the above-described em-
bodiments, it is entirely possible to envisage providing a
plurality of inlets for feeding the various auxiliary chan-
nels 11, 12 with fluid.
[0122] In particular, it is possible to envisage providing
one inlet for each auxiliary channel 11, 12. Figure 13 is
a diagram showing this possibility, based on modifying
the embodiment shown in Figure 2. Under such circum-
stances, the first auxiliary channel 11 includes a portion
P that extends between the inlet E11 of this first auxiliary
channel 11 and the branch connection D21 of the first
auxiliary channel 11 going towards a first chamber 21,
which portion includes a means 20 for causing, during
the filing of the device, the travel time of the fluid passing
via the first auxiliary channel 11 between the inlet E11 of
the first auxiliary channel 11 and a branch connection
D21, D22 of the first auxiliary channel 11 to be longer than
or equal to the travel time of the fluid passing via the
second auxiliary channel 12, a branch connection D’21,
D’22 of the second auxiliary channel 12 and the corre-
sponding chamber 21, 22 between the inlet E12 of the
second auxiliary channel 12 and said branch connection
D21, D22 of the first auxiliary channel 11.
[0123] Naturally, it is possible to envisage one inlet per
auxiliary channel for all of the embodiments described
with reference to Figures 3(a), 3(b), 3(c), 4, 5, and 6.
[0124] Whatever the embodiment considered, the in-
vention also proposes a system 1000 comprising:

a device 100 according to the invention;
a means 101 for feeding said device 100 with a fluid.

[0125] This is illustrated in figure 14(a), with, in this
example, a device 100 having one entry E and one outlet
S.

[0126] For example, the means 101 may be a reser-
voir. In that case, the reservoir 101 will contain the fluid.
For the application to the study of cells, this reservoir will
be a culture medium.
[0127] A fluidic connection 105 may be envisaged be-
tween the means 101 and the entry E of the device 100
according to the invention.
[0128] Advantageously, the system 1000 will comprise
a means 102 for receiving the fluid exhausted from said
device 100, as illustrated in figure 14(a). A fluidic con-
nection 106 may be envisaged between the outlet S of
the device 100 according to the invention and said means
102. For example, the means 102 may be reservoir, as
illustrated in figure 14(a).
[0129] In some cases, the system 1000 may further
comprise a fluid connection 103 linking said means 102
to said means 101 and comprising a pump 104 leading
the fluid from said means 103 to said means 101.
[0130] This is illustrated in figure 14(b).

Claims

1. A microfluidic device (100) characterized in that it
comprises at least one row (R1, R2, ..., RN) of cham-
bers, said at least one row of chambers comprising :

· a first auxiliary channel (11) and a second aux-
iliary channel (12), each auxiliary channel (11,
12) having an inlet (E11, E12) for a fluid;
· at least two chambers (21, 22, ..., 2n) intercon-
necting the two auxiliary channels (11, 12), each
auxiliary channel (11, 12) having for this purpose
a branch connection (D21, D22, ..., D2n; D’21,
D’22, ..., D’2n) leading to each a corresponding
chamber (21, 22, ..., 2n); said first auxiliary
channel (11) including a portion (P) extending
between the inlet (E11) of the first auxiliary chan-
nel (11) and the branch connection (D21) of the
first auxiliary channel (11) leasding to a first
chamber (21), which portion includes means
(20) for causing, during the filling of the device
(100), the travel time of the fluid passing via the
first auxiliary channel (11) between the inlet
(E11) of the first auxiliary channel (11) and a
branch connection (D21, D22, ..., D2n) of the first
auxiliary channel (11) to be longer than or equal
to the travel time of the fluid passing via the sec-
ond auxiliary channel (12), a branch connection
(D’21, D’22, ..., D’2n) of the second auxiliary chan-
nel (12) and the corresponding chamber (21,
22,..., 2n) between the inlet (E12) of the second
auxiliary channel (12) and said branch connec-
tion (D21, D22, ..., D2n) of the first auxiliary chan-
nel (11); and
· at least one outlet (S, S12, S22) for exhaust in
the fluid from the auxiliary channels (11, 12),
said at least one outlet being arranged after the
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last chamber (2n) interconnecting the auxiliary
channels (11, 12).

2. A device (100) according to claim 1, wherein the
means (20) for causing, during the filling of the device
(100), the travel time of the fluid passing via the first
auxiliary channel (11) between the inlet (E11) of the
first auxiliary channel (11) and a branch connection
(D21, D22, ..., D2n) of the first auxiliary channel (11)
to be longer than or equal to the travel time of the
fluid passing via the second auxiliary channel (12),
a branch connection (D’21, D’22, ..., D’2n) of the sec-
ond auxiliary channel (12) and the corresponding
chamber (21, 22,..., 2n) between the inlet (E12) of
the second auxiliary channel (12) and said branch
connection (D21, D22, ..., D2n) of the first auxiliary
channel (11) is constituted by a means that is pas-
sive.

3. A microfluidic device (100) according to the preced-
ing claim, wherein the passive means (20) comprise
one or more chambers.

4. A microfluidic device (100) according to claim 2 or
claim 3, wherein the passive means (20) comprises
a chamber identical to at least one of the chambers
(21, 22, ..., 2n) interconnecting the two auxiliary
channels (11, 12).

5. A microfluidic device (100) according to any preced-
ing claim, wherein each chamber (21, 22, ..., 2n) in-
terconnecting the two auxiliary channels (11, 12)
presents a rectangular or square shape with rounded
corners or, a rounded shape.

6. A microfluidic device (100) according to any preced-
ing claim, wherein a plurality of chambers (21, 22, ...,
2n) interconnecting the two auxiliary channels (11,
12) are identical, and preferably all of the chambers
(21, 22, ..., 2n) interconnecting the two auxiliary
channels (11, 12) are identical.

7. A microfluidic device (100) according to any preced-
ing claim, wherein the chambers (21, 22, ..., 2n) in-
terconnecting the two auxiliary channels (11, 12) are
arranged at regular intervals (d) along said auxiliary
channels (11, 12).

8. A microfluidic device (100) according to any preced-
ing claim, wherein the auxiliary channels (11, 12) are
arranged at a constant distance (D) between at least
two successive chambers of said plurality of cham-
bers (21, 22, ..., 2n) interconnecting the two auxiliary
channels (11, 12) and preferably, between the first
chamber (21) and the last chamber (2n) intercon-
necting the two auxiliary channels (11, 12).

9. A microfluidic device (10) according to any preceding

claim, comprising at least five chambers intercon-
necting the two auxiliary channels (11, 12).

10. A microfluidic device (100) according to any preced-
ing claim, wherein each auxiliary channel (11, 12)
leads to an outlet (S11, S12) specific to each auxiliary
channel.

11. A microfluidic device (100) according to any one of
claims 1 to 9, wherein the auxiliary channels (11, 12)
lead to a common outlet (S, S11, S12).

12. A microfluidic device (100) according to the preced-
ing claim, wherein the common outlet (S11) is pro-
vided on the first auxiliary channel (11).

13. A microfluidic device (100) according to any preced-
ing claim, wherein a main channel (10) is provided
having an inlet (E) for a fluid, said main channel (10)
splitting at a main branch connection (DP) between
said main channel (10) and said auxiliary channels
(11, 12) in such a manner that said main branch con-
nection (DP) coincides both with the inlet (E11) of the
first auxiliary channel (11) and with the inlet (E12) of
the second auxiliary channel (12).

14. A microfluidic device (100) according to any preced-
ing claim, wherein there is provided a pluralty of rows
(R1, R2, ..., RN) of chambers, said rows being ar-
ranged in parallel with one another.

15. A microfluidic device (100) according to the preced-
ing claim, wherein there is provided, between the
inlet (E) for the fluid and each main branch connec-
tion (DP) of the row in question (R1, R2, R3), at least
one main row branch connection (DPR, DPR1,
DPR2, DPR3) for feeding each row (R1, R2, R3) with
fluid from a fluid inlet (E) common to all of the device.
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