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(54) LIQUID DISTRIBUTION SYSTEM FOR A FLUIDIC CHIP

(57)  The presentinvention relates to a liquid distribu-
tion system (1) for fluidic chips (3) comprising:

- a liquid distribution layer (12) comprising:

- a plurality of liquid inlets (121);

- a plurality of liquid feeding ports (123);

- a plurality of liquid collecting ports (124);

- at least one liquid outlet (122);

- at least one feeding channel (125a, 125b, 125c) fluidi-
cally connecting each liquid inlet (121) to the plurality of
liquid feeding ports (123);

- at least one collecting channel (126a, 126b, 126¢)
fluidically connecting the liquid outlet (122) to the plurality
of liquid collecting ports (124);

wherein the liquid distribution layer (12) is configured to
be coupled to one or more fluidic chips (3) having a
plurality of fluidic chip inlets (32) and fluidic chip outlets
(33), each liquid feeding port (123) being configured to be
coupled to a fluidic chip inlet (32) and each liquid collect-
ing port (124) being configured to be coupled to a fluidic
chip outlet (33);

- a control module (11) comprising a plurality of valves
(18), each valve (18) being configured to open or obstruct
fluid communication in the feeding channel (125a, 125b,
125c) or in the collecting channel (126a, 126b, 126¢) of
the liquid distribution layer (12), the control module (11)

being configured to selectively establish fluid communi-
cation between any ofthe liquid inlets (121) and any of the
liquid feeding ports (123).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a liquid distri-
bution system for a fluidic chip, an assembly comprising
this liquid distribution system and a method of feeding
liquid to a fluidic chip using this liquid distribution system.

TECHNICAL BACKGROUND

[0002] An organ-on-a-chip is a microfluidic cell culture
device designed to simulate the mechanical environment
and study the physiological response of one or more
organs. In particular, these devices enable toxicology,
drug developmentor personalized medicine studies to be
carried out without animal experimentation.

[0003] It seems essential to have an autonomous sys-
tem that can deliver microvolumetric quantities of fluids
on demand, independently in each culture chip. Yet,
automation, ease-of-use and robustness are considered
unmet needs that limit the development of the technol-
ogy.

[0004] Indeed, there is no commercial technology that
allows the automatic control of organ-on-chip in parallel
simultaneously while being compatible with other lab
equipment such as an incubator and a microscope.
[0005] Document WO 2017/035484 discloses a perfu-
sion manifold assembly for putting a microfluidic device
such as an organ-on-a-chip in fluidic communication with
a fluid source or another microfluidic device. This tech-
nology does not offer the possibility of sequential distri-
bution, does not seem compatible with conventional
optical systems, nor with conventional chips made for
example of polydimethylsiloxane.

[0006] Document US 2018/0169656 discloses a mi-
crofluidic plate comprising a plurality of microfluidic net-
works and inlets providing access to the microfluidic
networks. Each microfluidic network comprises a capil-
lary pressure barrier. Each inlet is formed by an inlet
chamber having a bottom surface. This technology does
not offer the possibility of sequential distribution, does not
seem compatible with conventional chips made for ex-
ample of polydimethylsiloxane and does not offer a pre-
cise control of flowrate.

[0007] Document EP 3705564 discloses a device and
method to obtain a controlled medium perfusion and drug
injection/removal into standard cell culture dishes (Petri
dishes). This technology does not offer the possibility of
sequential distribution and does not seem compatible
with conventional chips made for example of polydi-
methylsiloxane.

[0008] There is thus a need for a liquid distribution
system for a fluidic chip, such as an organ-on-a-chip,
which overcomes the limitations of the prior art systems.
In particular, there is a need for a liquid distribution
system:
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- allowing simultaneous distribution and screening of
different solutions and molecules, with great robust-
ness and interoperability to maximize ease of use
and reproducibility of results;

- allowing the parallel and independent perfusion of
several chambers on the chip;

- adapted to existing optical devices.

SUMMARY OF THE INVENTION

[0009] The invention relates to the following items.
[0010] Item 1. A liquid distribution system for fluidic
chips comprising:

- aliquid distribution layer comprising:

- aplurality of liquid inlets;

- a plurality of liquid feeding ports;

- a plurality of liquid collecting ports;

- atleast one liquid outlet;

- atleast one feeding channel fluidically connect-
ing each liquid inlet to the plurality of liquid
feeding ports;

- at least one collecting channel fluidically con-
necting the liquid outlet to the plurality of liquid
collecting ports;

wherein the liquid distribution layer is configured to
be coupled to one or more fluidic chips having a
plurality of fluidic chip inlets and fluidic chip outlets,
each liquid feeding port being configured to be
coupled to a fluidic chip inlet and each liquid collect-
ing port being configured to be coupled to a fluidic
chip outlet;

- a control module comprising a plurality of valves,
each valve being configured to open or obstruct fluid
communication in the feeding channel or in the col-
lecting channel of the liquid distribution layer, the
control module being configured to selectively estab-
lish fluid communication between any of the liquid
inlets and any of the liquid feeding ports.

[0011] Item 2. The liquid distribution system of item 1,
wherein the liquid feeding ports are arranged in an array
of rows and columns; and/or the liquid collecting ports are
arranged in an array of rows and columns.

[0012] Item 3. Theliquid distribution system ofitem 1 or
2, wherein :

- thefeeding channel comprises one common portion
fluidically connected to the plurality of liquid inlets
and fluidically connected to a plurality of branch
portions, each branch portion being fluidically con-
nected to a plurality of subbranch portions, each
branch portion being optionally configured to feed
liquid to a column of liquid feeding ports and each
subbranch portion associated with this branch por-
tion being configured to feed liquid to one feeding
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port within the column; or each branch portion being
optionally configured to feed liquid to a row of liquid
feeding ports and each subbranch portion asso-
ciated with this branch portion being configured to
feed liquid to one feeding port within the row; and/or

- the collecting channel comprises one common por-
tion fluidically connected to the liquid outlet and
fluidically connected to a plurality of branch portions,
each branch portion being fluidically connected to a
plurality of subbranch portions, each branch portion
being optionally configured to collect liquid from a
column of liquid collecting ports and each subbranch
portion associated with this branch portion being
configured to collect liquid from one collecting port
within the column; or each branch portion being
optionally configured to collect liquid from a row of
liquid collecting ports and each subbranch portion
associated with this branch portion being configured
to collect liquid from one collecting port within the
row.

[0013] Item 4. The liquid distribution system of item 3,
comprising:

- one valve associated with each liquid inlet;

- one valve associated with each respective branch
portion of the feeding channel or collecting channel;

- onevalve associated with each subbranch portion of
the feeding channel or collecting channel.

[0014] Item 5. The liquid distribution system of any one
of items 1 to 4, wherein the valves comprise:

- afirstgroup of valves, wherein each valve in this first
group is configured for opening or obstructing fluid
communication in the feeding channel between one
respective liquid inlet and all of the liquid feeding
ports;

- asecond group of valves, wherein each valve in this
second group is configured for opening or obstruct-
ing fluid communication in the feeding channel be-
tween all liquid inlets and one respective column of
liquid feeding ports;

- a third group of valves, wherein each valve in this
third group is configured for opening or closing fluid
communication between all liquid inlets and one
respective row of liquid feeding ports.

[0015] Item 6. The liquid distribution system of any one
ofitems 1 to 5, wherein the control module is a pneumatic
control module, the valves are membrane valves and the
pneumatic control module comprises:

- aplurality of gas inlets;
- aplurality of gas channels, each gas channel fluidi-
cally connecting a gas inlet with a membrane valve.

[0016] Item 7. The liquid distribution system of item 6,
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comprising a single deformable membrane fixed onto the
liquid distribution layer.

[0017] Item 8. Theliquid distribution system of item 6 or
7, wherein the feeding channel and/or collecting channel
in the liquid distribution layer comprise a plurality of
protrusions against which respective membrane valves
press to obstruct fluid communication in said feeding
channel and/or collecting channel.

[0018] Item 9. The liquid distribution system of any one
of items 6 to 8, wherein at least a portion of the gas
channels fluidically connects a gas inlet to a single mem-
brane valve.

[0019] Item 10. The liquid distribution system of any
one ofitems 6 to 9, wherein the pneumatic control module
comprises at least one layer which comprises gas chan-
nels, and one connecting layer which comprises con-
necting holes interposed between the gas channels and
the membrane valves.

[0020] Item 11. The liquid distribution system of any
one of items 6 to 10, wherein the pneumatic control
module comprises at least a first layer comprising a first
group of gas channels, and a second layer comprising a
second group of gas channels; wherein, preferably, the
first group of gas channels is fluidically connected with
the second group of membrane valves, and the second
group of gas channels is fluidically connected with the
first group and third group of membrane valves.

[0021] Item 12. An assembly comprising a fluid source
system coupled to the liquid distribution system of any
one of items 1 to 11, wherein the fluid source system
comprises:

- a plurality of liquid reservoirs, wherein each liquid
reservoir is fluidically connected with a respective
liquid inlet of the liquid distribution layer; and/or

- aliquid collector fluidically connected with the liquid
outlet of the liquid distribution layer.

[0022] Item 13. The assembly of item 12, wherein the
liquid distribution system is according to any one of items
6 to 11 and wherein the fluid source system further
comprises:

- a gas pressure controller having a plurality of gas
lines, wherein each gas line is fluidically connected
with a respective gas inlet of the pneumatic control
module.

[0023] Item 14. The assembly of item 13, wherein the
gas pressure controller is configured for selectively ap-
plying alow pressure level or a high pressure level in each
gas line.

[0024] Item 15. The assembly of any one of items 12 to
14, comprising at least one liquid delivery device, pre-
ferably a liquid delivery device associated with each
liquid reservoir.

[0025] Item 16. The assembly of any one of items 12 to
15, further comprising the one or more fluidic chips
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coupled to the liquid distribution system.

[0026] Item 17. The assembly ofitem 16, wherein each
liquid feeding port of the liquid distribution system is
directly coupled to a fluidic chip inlet, optionally via a
gasket, and each liquid collecting port of the liquid dis-
tribution system is directly coupled to a fluidic chip outlet,
optionally via a gasket.

[0027] Item 18. The assembly ofitem 16 or 17, wherein
the or each fluidic chip comprises a plurality of chambers,
each chamber comprising one of the fluidic chip inlets
and one of the fluidic chip outlets.

[0028] Item 19. The assembly of any one of items 16 to
18, wherein the one or more fluidic chips are placed on an
optical system, preferably a microscope.

[0029] Item 20. A method of feeding liquid to one or
more fluidic chips comprising a plurality of fluidic chip
inlets and fluidic chip outlets, the method comprising:

- connecting the liquid distribution system of any one
of items 1 to 11 to the one or more fluidic chips;

- connecting the liquid inlets of the liquid distribution
layer to respective liquid reservoirs;

- actuating at least some of the valves of the control
module to establish a liquid flow path between at
least one of the liquid inlets and at least one of the
liquid feeding ports;

- flowing liquid from aliquid reservoir to at least one of
the fluidic chip(s) via said liquid flow path.

[0030] Item 21. The method of item 20, comprising:

- collecting liquid from the at least one of the fluidic
chip(s) back to the liquid distribution system via at
least one of the liquid collecting ports.

[0031] Item 22. The method of item 20 or 21, wherein
the liquid distribution system is according to any one of
items 6 to 11, and wherein the valves are actuated by
controlling pressure at each gas inlet of the pneumatic
control module.

[0032] Item 23. The method of item 22, wherein the
controlled pressure is selected from two pressure levels,
namely a low pressure level and a high pressure level.

[0033] Item 24. The method of any one of items 20 to
23, wherein connecting the liquid distribution system to
the one or more fluidic chips comprises directly coupling
each liquid feeding port of the liquid distribution system to
a fluidic chip inlet, optionally via a gasket, and directly
coupling each liquid collecting port of the liquid distribu-
tion system to a fluidic chip outlet, optionally via a gasket.
[0034] The present invention addresses the need ex-
pressed above. In particular, the invention provides a
liquid distribution system:

- allowing simultaneous distribution and screening of
different solutions and molecules, with great robust-
ness and interoperability to maximize ease of use
and reproducibility of results;
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- allowing the parallel and independent perfusion of
several chambers on the chip;
- adapted to existing optical devices.

[0035] This is made possible owing to a multilayer
liquid distribution system comprising in particular a liquid
distribution layer and a control module, preferably a
pneumatic control module. Liquid may be caused to flow
from various liquid reservoirs to the fluidic chip(s) via the
liquid distribution layer, according to a variety of possible
flow paths which are established by actuating selected
valves in the pneumatic control module.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036]

Figure 1 schematically shows an example of an
assembly comprising a liquid distribution system.
Figure 2 schematically shows an example of a liquid
distribution system coupled with a fluidic chip.
Figure 3 schematically shows an example of a liquid
distribution layer within a liquid distribution system.
Figure 4 schematically shows a cross-sectional view
of an example of a liquid distribution system.
Figure 5 schematically shows an exploded view of
part of an example of a liquid distribution system.
Figure 6 schematically shows an exploded view of
another part of an example of a liquid distribution
system.

Figure 7 schematically shows a cross-sectional view
of an example of a membrane valve used in a liquid
distribution system.

Figure 8 schematically shows a cross-sectional view
of an example of a detail of a liquid connection
module coupled to a liquid distribution system.
Figure 9 schematically shows a cross-sectional view
of an example of a fluidic chip.

Figures 10A to 10C schematically show examples
of a fluid path diagram in a liquid distribution system
in different states.

Figures 11 and 12 schematically show cross-sec-
tional views of two other examples of a liquid dis-
tribution system.

DESCRIPTION OF EMBODIMENTS

[0037] The invention will now be described in more
detail without limitation in the following description.

General layout

[0038] Making reference to Figure 1, the liquid distri-
bution system 1 can be mechanically coupled to a fluid
source system 2 via a coupling 7 to form an assembly.
The fluid source system 2 may comprise a plurality of
liquid reservoirs 21 and at least one liquid collector 22.
The liquid reservoirs 21 are containers which contain
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liquid media (preferably, different liquid media) adapted
to be fed to the liquid distribution system 1, while the liquid
collector 22 is a container adapted to collect liquid med-
ium from the liquid distribution system 1.

[0039] The liquid distribution system 1 may also be
mechanically coupled to one or more fluidic chips 3 so
as tofeed liquid (preferably the different liquid media from
the liquid reservoirs 21) to the fluidic chip(s) 3 and to
collect liquid medium from the fluidic chip(s) 3 and make it
flow back to the liquid collector 22 in the fluid source
system 2.

[0040] Asillustrated, the fluidic chip(s) 3 may be placed
on an optical system so as to be able to visualize the
interior of the fluidic chip(s) 3 during use. As an example,
the or each fluidic chip 3 may be substantially in the shape
of a plate having two main substantially planar faces; one
main face is in contact with the liquid distribution system
1, whereas the opposite main face may be put in contact
with a glass slide 4. The glass slide 4 may rest on a
support 5, and a microscope objective 6 may face the
glass slide.

[0041] Figure 2 showsin more detail an example of the
liquid distribution system 1 coupled with a fluidic chip 3
resting on a glass slide 4. As illustrated, the liquid dis-
tribution system 1 may comprise a liquid connection
module 17, a liquid distribution layer 12, a control module
(which may comprise a gasket layer 142, a membrane
13, a fluidic connecting layer 141, a pneumatic connect-
ing layer 143 and a pneumatic layer 15) and a pneumatic
input module 16 as will be described in more detail below.
The coupling 7 of Figure 1 may comprise the liquid
connection module 17 and the pneumatic input module
16.

[0042] The liquid distribution system 1, fluidic chip(s) 3
and glass slide 4 may rest and be partially enclosed in the
support 5, which may for example be in a conventional
96-well format. A lid 9 may optionally cooperate with the
support 5 so that, in an open position, the glass slide 4,
fluidic chip 3 and liquid distribution system 1 may be
placed on the support 5 or removed from the support
5, and, in a closed position, the fluidic chip 3 and liquid
distribution system 1 may be enclosed in an enclosure
defined by the support 5, glass slide 4 and lid 9. Respec-
tive openings may be provided between the support 5
and the lid 9 so that the liquid connection module 17 and
pneumatic inputmodule 16 can be positioned through the
enclosure.

[0043] Optionally, a gas feeding connection 8 may be
provided either on the lid 9 or, as shown, on the support 5,
in order to control the composition of the atmosphere
surrounding the fluidic chip(s) 3.

[0044] More details will be provided below on the liquid
distribution system 1, fluidic chip(s) 3 and fluid source
system 2.

Presentation of the liquid distribution system

[0045] The liquid distribution system 1 may comprise
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an assembly of layers. Each layer may be substantially in
the shape of a plate (notwithstanding any hole, channel,
or protrusion, as will be described in more detail below).
Thus, each layer may comprise two main faces, each
main face being planar, the two main faces being pre-
ferably parallel to each other. One main face of each layer
in the assembly may be fixed to one main face of another,
adjacent layer. Each layer may comprise a number of
side faces joining the two main faces together. The side
faces may also be planar. The side faces may be per-
pendicular to the main faces. The total surface area of the
side faces may be less than the total surface area of the
main faces, preferably less than 10 times the total surface
area of the main faces, or less than 100 times the total
surface area of the main faces. For at least some of the
layers, the perimeter of the main faces may be a rectan-
gle, so that the layer is substantially parallelepiped-
shaped. For at least some of the layers, the perimeter
of the main faces may be another polygon, such as an
octagon (corresponding to a rectangle with a rectangular
cutout).

[0046] The liquid distribution system 1 notably com-
prises a liquid distribution layer 12, and a control module
11. The control module 11 itself may be made of one or
more layers.

[0047] The main function of the liquid distribution layer
12 is to channel liquid to and from the fluidic chip(s) 3.
[0048] The main function of the control module 11 is to
selectively open (i.e. establish) or obstruct fluid commu-
nication within the liquid distribution layer 12 owing to a
plurality of valves, so as to selectively direct liquid from a
desired source to a desired chamber of the fluidic chip(s),
and to collect liquid from the fluidic chip(s).

[0049] Herein, "fluid communication" means an unin-
terrupted flow path for the fluid. When two elements are
said to be "fluidically connected”, it means that fluid
communication can be established from one element
to the other (provided, if necessary, that one or more
valves be open).

Liquid distribution layer

[0050] Making reference to Figure 3, the liquid distri-
bution layer 12 comprises a plurality of liquid inlets 121. In
the illustrated example, there are eight liquid inlets 121,
but the number of liquid inlets can vary for example from 2
to 50, preferably from 4 to 20, more preferably from 6 to
12. These liquid inlets are intended to receive liquid from
an external source. Preferably, a different liquid medium
can be fed to each liquid inlet.

[0051] The liquid distribution layer 12 further com-
prises a plurality of liquid feeding ports 123. In the illu-
strated example, there are 24 liquid feeding ports, but the
number of liquid feeding ports can vary for example from
210400, preferably from 4 to 200, more preferably from 8
to 100, and most preferably from 16 to 32. The liquid
feeding ports 123 are intended to feed liquid to a or the
fluidic chip 3. More precisely, each liquid feeding port 123
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may be coupled to a respective fluidic chip inlet as will be
described in more detail below.

[0052] Theliquidfeeding ports 123 may be arranged as
a matrix of rows 128 and columns 129. In the illustration,
there are 6 rows and 4 columns. But the number of
columns can vary for example from 1 to 10, preferably
from 2to 8, more preferably from 3 to 6. And the number of
rows can vary for example from 1 to 12, preferably from 3
to 10, more preferably from 4 to 8.

[0053] The liquid feeding ports 123 may be geometri-
cally aligned in each row, respectively in each column.
Alternatively, liquid feeding ports 123 may be staggered
in each row and/or in each column. In the illustrated
example, the liquid feeding ports 123 are geometrically
aligned in each row 128, but are not all geometrically
aligned (are staggered) in each column 129.

[0054] At least one feeding channel 125a, 125b, 125¢
fluidically connects each liquid inlet 121 to the liquid
feeding ports 123. It is possible to have a plurality of
feeding channels, each feeding channel separately flui-
dically connecting one liquid inlet 121 to one liquid feed-
ing port 123, or to a group of liquid feeding ports 123. In
this case, each liquid feeding port 123 can be for example
fed with liquid from only one liquid inlet 121.

[0055] However, in an alternative variation, as illu-
strated in the drawing, a single (branched) feeding chan-
nel (or manifold) fluidically connects all liquid inlets 121 to
all liquid feeding ports 123. In this case, each liquid
feeding port 123 can be fed with liquid from any liquid
inlet 121.

[0056] The single feeding channel may in particular
comprise a common portion 125a fluidically connected to
the plurality of liquid inlets 121 (namely, to all liquid inlets
121).

[0057] The single feeding channel may further com-
prise a plurality of branch portions 125b, each branch
portion 125b being fluidically connected to the common
portion 125a. Each branch portion 125b branches out
from the common portion 125a. Each branch portion
125b may be configured to feed liquid to all liquid feeding
ports 123 of the same column. In the illustration, there are
four branch portions 125b. The common portion 125a
may for example branch out into two intermediate seg-
ments, each intermediate segment then branching out
into two branch portions 125b, as shown.

[0058] The single feeding channel may further com-
prise a plurality of subbranch portions 125c. Each sub-
branch portion 125¢ branches out from a branch portion
125b. Each subbranch portion 125¢ may be configured to
feed liquid to only one liquid feeding port 123. Each
branch portion 125b may be fluidically connected to a
plurality of subbranch portions 125c (one subbranch
portion 125¢ per row of liquid feeding ports).

[0059] Instead of directing the liquid from the common
portion 125a to one column 129 of liquid feeding ports via
a branch portion 125b, and then to one liquid feeding port
123 within this column via a subbranch portion 125¢ (as
illustrated), it is possible to do the opposite, i.e. to direct
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the liquid from the common portion 125ato one row 128 of
liquid feeding ports via a branch portion 125b, and then to
one liquid feeding port 123 within this row via a subbranch
portion 125¢ (not shown).

[0060] The liquid distribution layer 12 further com-
prises a plurality of liquid collecting ports 124. In the
illustrated example, there are 24 liquid collecting ports,
but the number of liquid feeding ports can vary for ex-
ample from 2 to 400, preferably from 4 to 200, more
preferably from 8 to 100, and most preferably from 16
to 32. The liquid feeding ports 124 are intended to collect
liquid from the or a fluidic chip 3. More precisely, each
liquid collecting port 124 may be coupled to a respective
fluidic chip outlet as will be described in more detail
below.

[0061] Preferably, the number of liquid collecting ports
124 isthe same as the number of liquid feeding ports 123,
and the liquid feeding ports 123 and liquid collecting ports
124 are arranged in pairs. In use, liquid is therefore fed to
the or afluidic chip via at least one liquid feeding port 123
and simultaneously collected from said fluidic chip via the
atleast one corresponding liquid collecting port 124 in the
pair. However, more complex arrangements are possi-
ble, in which two or more liquid feeding ports 123 can be
paired with one liquid collecting port 124, or two or more
liquid collecting ports 124 can be paired with one liquid
feeding port 123.

[0062] The liquid distribution layer 12 further com-
prises at least one liquid outlet 122. In the illustrated
example, there is a single liquid outlet 122. The liquid
outlet(s)is(are) intended to withdraw liquid from the liquid
distribution layer 12. The liquid outlet(s) 122 is(are) flui-
dically connected to all liquid collecting ports 124.
[0063] At least one collecting channel 126a, 126b,
126¢ fluidically connects the liquid outlet(s) 122 to the
liquid collecting ports 124. Itis possible to have a plurality
of collecting channels, each collecting channel sepa-
rately fluidically connecting a liquid outlet 122 to one
liquid collecting port 124, or to a group of liquid collecting
ports 124.

[0064] However, in an alternative variation, as illu-
strated in the drawing, a single (branched) collecting
channel (or manifold) fluidically connects a single liquid
outlet 122 to allliquid collecting ports 124. In this case, the
liquid collected from all liquid collecting ports 124 is
directed to the same liquid outlet 122.

[0065] The single collecting channel may in particular
comprise acommon portion 126a fluidically connected to
the liquid outlet 122.

[0066] The single collecting channel may further com-
prise a plurality of branch portions 126b, each branch
portion 126b being fluidically connected to the common
portion 126a. Each branch portion 126b branches out
from the common portion 126a. Each branch portion
126b may be configured to collect liquid from all liquid
collecting ports 124 of the same column. In the illustra-
tion, there are four branch portions 126b. The common
portion 126a may for example branch out into two inter-
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mediate segments, each intermediate segment then
branching out into two branch portions 126b.

[0067] The single collecting channel may further com-
prise a plurality of subbranch portions 126c. Each sub-
branch portion 126¢ branches out from a branch portion
126b. Each subbranch portion 126¢c may be configured to
collectliquid from only one liquid collecting port 124. Each
branch portion 126b may be fluidically connected to a
plurality of subbranch portions 126c (one subbranch
portion 126c¢ per row of liquid collecting ports).

[0068] Instead of directing the liquid from one liquid
collecting port 124 within a column 129 via a subbranch
portion 126¢, and then from said entire column 129 to the
common portion 126a via a branch portion 126b (as
illustrated), it is possible to do the opposite, i.e. to direct
the liquid from one liquid collecting port 124 within a row
128 via a subbranch portion 126¢, and then from said
entire row 128 to the common portion 126a via a branch
portion 126b (not shown).

[0069] One or more bypass channels 127 fluidically
connecting the feeding channel 125a, 125b, 125c to the
collecting channel 126a, 126b, 126c directly (i.e. not viaa
fluidic chip) may be provided. More precisely, a bypass
channel 127 may fluidically connect each branch portion
125b of the feeding channel to a respective branch por-
tion 126b of the collecting channel. There may thus be
one bypass 127 channel per column 129 (or one bypass
channel 127 per row 128 if the alternative arrangement is
used).

[0070] As can be seen on Figure 4, the liquid distribu-
tion layer 12 may be overall in the shape of a plate having
two main substantially planar faces. A first main face is in
contact with the control module 11 and in particular with
the membrane 13 of the control module 11. The opposite,
second main face is intended to be in contact with the
fluidic chip(s) 3. The liquid distribution layer 12 may have
a thickness from 1 mm to 20 mm, preferably from 3 mmto
4 mm.

[0071] In the present description, when a layer is sub-
stantially in the shape of a plate, as described above, the
thickness direction corresponds to the direction which is
orthogonal to the main faces of the plate.

[0072] The feeding channel(s) 125 and collecting
channel(s) 126 may be provided as grooves on the first
main face of the liquid distribution layer 12. Each groove
may have a depth (in the thickness direction) of from 20
pwm to 2 mm, preferably from 100 wm to 750 um. Each
groove may have a width (perpendicular to the thickness
direction and perpendicular to the longitudinal direction of
the channel) of from 20 wm to 2 mm, preferably from 100
pwm to 750 pm.

[0073] Each liquid feeding port 123 and liquid collect-
ing port 124 may comprise a protrusion 1231, 1241 onthe
second main face and a through hole 1232, 1242 ensur-
ing a fluidic connection to the respective feeding channel
125 or collecting channel 126.

[0074] The liquid distribution layer 12 may be made of
any biocompatible hard materials such as polycarbo-
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nate, polymethylmethacrylate, polyoxymethylene, cyclic
olefin polymers, cyclic olefin copolymers, polytetrafluor-
oethylene, polyetherimide, and metal alloys. The liquid
distribution layer 12 may be manufactured for example by
machining (such as drilling, engraving, carving) a plate of
solid material, by injection molding or by additive manu-
facturing such as 3D-printing.

Control module

[0075] Making reference to Figures 4, 5 and 6, the
control module 11 may comprise a plurality of valves 18,
each valve being configured to open or obstruct fluid
communication in the feeding channel 125 or in the
collecting channel 126 of the liquid distribution layer
12, the control module 11 being configured to selectively
establish fluid communication between any of the liquid
inlets 121 and any of the liquid feeding ports 123 (and
between any of the liquid collecting ports 124 and a or the
liquid outlet 122).

[0076] The present description is primarily made with
reference to a control module 11 which is a pneumatic
control module, i.e. a control module wherein the valves
18 are actuated by controlling gas pressure. However, it
is also possible for the control module 11 to be designed
in a different manner. By way of example, piezoelectri-
cally actuated valves can also be employed.

[0077] Furthermore, in the pneumatic control module
11 primarily described herein, the valves 18 are mem-
brane valves and a single membrane 13 is used to make
all membrane valves. However, it is also possible for the
membrane valves 18 to be based on more than one
membranes. For example, each membrane valve can
have its own dedicated membrane.

[0078] The control module 11 may thus comprise a
layer which is a membrane 13 in contact with the first
main face of the distribution layer 12, a connecting layer
14 in contact with the membrane 13 (on the main face of
the membrane 13 opposite the main face in contact with
the first main face of the distribution layer 12) and a
pneumatic layer 15 in contact with the connecting layer
14 (on the main face of the connecting layer 14 opposite
the main face which is in contact with the membrane 13).
[0079] The membrane 13 may have a thickness from
20 pwm to 1 mm, preferably from 50 pm to 500 wm. The
membrane 13 may be made of any biocompatible soft
materials such as silicone based materials (e.g., poly-
dimethylsiloxane), fluoroelastomers (such as FKM,
FFKM...) or rubbers (such as NBR, EPDM...).

[0080] The pneumatic layer 15 may comprise a plur-
ality ofgasinlets 1511, 1521. The pneumatic layer 15 may
comprise a plurality of gas channels 1512, 1522, 1523,
wherein each gas channel 1512, 1522, 1523 fluidically
connectsagasinlet 1511, 1521 to atleastone membrane
valve 18. In some cases, a gas channel 1512, 1522 may
fluidically connect a gas inlet 1511, 1521 to a single
membrane valve 18, while in other cases a gas channel
1523 may fluidically connect a gas inlet 1521 to a plurality
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of membrane valves 18. The connecting layer 14 may
comprise a plurality of connectingholes 1431, 1421, 1411
interposed between (and fluidically connecting) the gas
channels 1512, 1522, 1523 and the membrane valves
18.

[0081] Each of the pneumatic layer 15 and connecting
layer 14 may itself be a stack of two or more layers.
[0082] For example, the pneumatic layer 15 may com-
prise afirstlayer 151 and a second layer 152. Each of the
firstlayer 151 and second layer 152 may be substantially
planar. Each of the first layer 151 and second layer 152
may have a thickness from 1 mm to 20 mm, preferably
from 3 mm to4 mm. Each of the firstlayer 151 and second
layer 152 may be made of any biocompatible hard ma-
terials such as polycarbonate, polymethylmethacrylate,
polyoxymethylene, cyclic olefin polymers, cyclic olefin
copolymers polytetrafluoroethylene, polyetherimide,
and metal alloys.

[0083] Each of the firstlayer 151 and second layer 152
may comprise gas channels 1512, 1522, 1523. The gas
channels 1512, 1522, 1523 may be formed as grooves on
one main face of each of the first layer 151 and second
layer 152. Each groove may have a depth of from 20 pm
to 2 mm, preferably from 100 pumto 750m . Each groove
may have a width of from 20 pm to 2 mm, preferably from
100 wm to 750 wm. Preferably, each gas inlet 1511, 1521
is simply formed by one end of a respective gas channel
1512, 1522, 1523 on one side face of the respective layer
151, 152.

[0084] The pneumaticinputmodule 16 may comprise a
first pneumatic input 16a connected to all gas inlets 1511
of the first layer 151 and a second pneumatic input 16b
connected to all gas inlets 1521 of the second layer 152.
The connection may be substantially leaktight and may
be performed for example by clamping . Each pneumatic
input 16a, 16b may contain a number of parallel gas
channels or tubes.

[0085] A main face of the second layer 152 may be in
contact with a main face of the connecting layer 14. A
main face of the first layer 151 may be in contact with the
other main face of the second layer 152. The gas chan-
nels 1512 in the first layer 151 may be provided on the
main face of the first layer 151 which is in contact with the
second layer 152. The gas channels 1522, 1523 in the
second layer 152 may be provided on the main face of the
second layer 152 which is in contact with the connecting
layer 14.

[0086] The firstlayer 151 may comprise a first group of
gas channels 1512. And the second layer 152 may
comprise a second group of gas channels 1522 and a
third group of gas channels 1523. These groups of gas
channels may have different functions, as will be further
explained below.

[0087] The secondlayer 152 may comprise holes 1524
running through the entire thickness thereof and ensuring
fluidic connection between the gas channels 1512 of the
first layer 151 and the respective membrane valves 18.
[0088] Each of the firstlayer 151 and second layer 152

10

15

20

25

30

35

40

45

50

55

may be manufactured for example by machining (such as
drilling, engraving, carving) a plate of solid material, by
injection molding or by additive manufacturing such as
3D-printing.

[0089] Itshould be noted that, instead of being made of
a stack of two distinct layers, the pneumatic layer 15 can
be made of a single-piece layer, in which case all gas
channels may be located on the main face of the pneu-
matic layer 15 in contact with the connecting layer 14.
Conversely, the pneumatic layer 15 can comprise a stack
of more than two layers, such as three layers, each such
layer comprising gas channels, formed on a main face of
the layer facing another layer of the pneumatic layer or
facing the connecting layer 14, and corresponding gas
inlets.

[0090] The connecting layer 14 comprises connecting
holes 1431, 1411 running through the entire thickness of
the connecting layer 14 and ensuring fluidic connection
between the gas channels 1512, 1522, 1523 of the
pneumatic layer 15 and respective membrane valves
18. On the main face of the connecting layer 14 in contact
with the pneumatic layer 15, each connecting hole 1431
is joined with a gas channel 1522, 1523, or with a hole
1524 of the pneumatic layer 15 which is itself joined with a
gas channel 1512.

[0091] Contrary to what is illustrated, it is possible for
the connecting layer 14 to be made of a single piece.
[0092] Alternatively, and as shown in the drawings, the
connecting layer 14 may itself be a stack of a plurality of
elements, such as: a pneumatic connecting layer 143, in
contact with the pneumatic layer 15; a fluidic connecting
layer 141, in contact with the liquid distribution layer 12;
and optionally a gasket layer 142 interposed between the
pneumatic connecting layer 143 and fluidic connecting
layer 141.

[0093] In this case, each connecting hole comprises a
portion 1431 which is a hole running through the entire
thickness of the pneumatic connecting layer 143, option-
ally a portion 1421 which is a hole running through the
entire thickness of the gasket layer 142 if present, and a
portion 1411 which is a hole running through the entire
thickness of the fluidic connecting layer 141. For each
connecting hole, these portions are aligned.

[0094] In this case, the pneumatic connecting layer
143 may comprise additional through holes 1432 which
are not connecting holes. On the main face of the pneu-
matic connecting layer 143 in contact with the pneumatic
layer 15, each additional through hole 1432 is joined with
a gas channel 1522, 1523, or with a hole 1524 of the
pneumatic layer 15 which is itself joined with a gas
channel 1512. On the opposite main face of the pneu-
matic connecting layer 143, which either contacts the
fluidic connecting layer 141 or the gasket layer 142 if
present, the through hole 1432 is closed (by the fluidic
connecting layer 141 or gasket layer 142 respectively).
[0095] Therefore, the pneumatic layer 15 together with
the pneumatic connecting layer 143 may be provided as a
first set, while the fluidic connecting layer 141, the mem-
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brane 13 and the liquid distribution layer 12 may be
provided as a second set. The optional gasket layer
142 can be in the first set or in the second set. The first
set may comprise a number of gas connections available
for fluid connection to membrane valves, and may be
adapted to be coupled to different types of second set,
wherein only a subset of these gas connections are
actually fluidically connected to membrane valves for
each type of second set. This make it possible to employ
the same first set with different types of fluidic chips,
whereas only the second set needs to be selected to
conform to the configuration of particular fluidic chips.
When a change is made and the second set becomes
associated with another first set (and thus with another
type of fluidic chip), some or all of the additional through
holes 1432 may become portions 1431 of connecting
holes, and some of all of the portions 1431 of connecting
holes may become additional through holes 1432.
[0096] The first set may be reusable while the second
set may be disposable after use, as only the second set
comes into contact with the liquid and may thus get
possibly contaminated by substances contained in the
liquid.

[0097] Alternatively, the second set may comprise only
the fluidic connecting layer 141 (and optionally the gasket
layer 142), while the liquid distribution layer 12 and
membrane 13 may be provided as a third set. In this
case, the first set may be reusable and permanent, the
third set may be disposable after use, and the second set
may be reusable and may be employed as a (change-
able) adapter between the permanent first set and the
disposable third set.

[0098] Each of the gasket layer 142, fluidic connecting
layer 141 and pneumatic connecting layer 143 may be
substantially planar. Each of the fluidic connecting layer
141 and pneumatic connecting layer 143 may have a
thickness from 1 mm to 2 mm, preferably from 3 mm to 4
mm. Each of the fluidic connecting layer 141 and pneu-
matic connecting layer 143 may be made of any biocom-
patible hard materials such as polycarbonate, poly-
methylmethacrylate, polyoxymethylene, cyclic olefin
polymers, cyclic olefin copolymers polytetrafluoroethy-
lene, polyetherimide, and metal alloys. The gasket layer
142 may have a thickness from 20 umto 2 mm, preferably
from 100 wum to 1 mm. The gasketlayer 142 may be made
of elastomers such as silicone elastomers, polyurethane,
any type of rubber (e.g., EPDM).

[0099] Each of the fluidic connecting layer 141 and
pneumatic connecting layer 143 may be manufactured
for example by machining (such as drilling, engraving,
carving) a plate of solid material, by injection molding or
by additive manufacturing such as 3D-printing. The gas-
ket layer 142 may be manufactured for example by in-
jection molding, mechanic or laser cutting, 3D printing.
[0100] The connecting holes 1431, 1421, 1411 and the
additional through holes 1432 (if present) may have an
internal maximum dimension perpendicular to the thick-
ness direction (e.g. a diameter, if these holes have a
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circular cylindrical shape) from 20 wm to 2 mm, preferably
from 100 pm to 750 pwm (excluding the enlarged end
which will be described below).

[0101] As already mentioned above, the pneumatic
control module 11 comprises a number of membrane
valves 18.

[0102] Anexample ofamembrane valve 18is shownin
more detail in Figure 7. The membrane valve 18 is
formed by an area of the membrane 13 which cooperates
with a protrusion 1350 in a channel 130 (which can be a
feeding channel or a collecting channel). The protrusion
1350 is substantially aligned with a connecting hole 1411.
In the closed position, the membrane 13 bears, i.e. is
pressed against the protrusion 1350 so as to obstruct the
passage of liquid (i.e. to obstruct fluid communication). In
the open position, the membrane 13 is positioned at a
distance from the protrusion 1350, thereby enabling the
passage of liquid (and establishing fluid communication)
along the channel 125 around the protrusion 1350.
[0103] Whether the membrane valve 18 is in the open
or closed position depends on the gas pressure within the
connecting hole 1411, which is (approximately) equal to
the pressure within the gas channel 1512, 1522, 1523
fluidically connected to the connecting hole 1411. If the
pressure in the gas channel 1512, 1522, 1523 and con-
necting hole 1411 is sufficiently high, the membrane 13 is
pressed against the protrusion 1350. Ifthe pressure in the
gas channel 1512, 1522, 1523 and connecting hole 1411
is sufficiently low, the membrane 13 locally deforms and
is displaced away from the protrusion 1350.

[0104] As illustrated on the drawing, the connecting
hole 1411 may comprise an enlarged end 1412 on the
main face of the connecting layer 14 in contact with the
membrane 13, so as to facilitate the local deformation of
the membrane 13 away from the protrusion 1350.
[0105] The enlarged end 1412 may have an internal
maximum dimension perpendicular to the thickness di-
rection (e.g. a diameter) from 50 pum to 2 mm, preferably
from 500 pm to 1.5 mm. The protrusion 1350 may run on
the entire width of the channel 125 and may be level with
the main face of the liquid distribution layer 12 facing the
membrane 13, excluding the channels.

[0106] Making reference to Figure 5 and Figure 8, the
liquid connection module 17 comprises a plurality of
tubes 173, wherein each tube 173 is fluidically connected
with a liquid inlet 121 or liquid outlet 122 of the liquid
distribution layer 12. A connector 171 may be arranged
around each respective tube 173 and a seal 172 may be
arranged within an inner portion of the connector 172.
[0107] The membrane 13 may comprise through holes
131 aligned with the liquid inlets 121 and liquid outlets
122. These through holes 131 may be manufactured by
drilling or directly by injection molding. The fluidic con-
necting layer 141, if present, may also comprise through
holes 1412 aligned with the through holes 131 of the
membrane 13 and with the liquid inlets 121 and liquid
outlets 122.

[0108] Each connector 171 may therefore be pressed
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againstathrough hole 1412 of the fluidic connecting layer
141, thus ensuring the required fluidic connection with
the corresponding liquid inlet 121 or liquid outlet 122.
[0109] All connectors 171 may be included in a frame
placed in contact with the fluidic connecting layer 171.
[0110] A cut-out may be provided in the pneumatic
connecting layer 143 and in the pneumatic layer 15 so
as to leave the through holes 1412 of the fluidic connect-
ing layer 141 accessible for the connectors 1710.
[0111] Thus, the liquid distribution layer 12, the mem-
brane 13 and the fluidic connecting layer 141 may have
the same external dimensions (perpendicularly to the
thickness direction) so that they are essentially flush
when assembled. Similarly, the pneumatic connecting
layer 143 and the pneumatic layer 15 may have the same
external dimensions (perpendicularly to the thickness
direction) so that they are essentially flush when as-
sembled. When all layers are assembled, part of the main
face of the fluidic connecting layer 141 facing the control
module 11 is not covered by the control module 11 so that
it can accommodate the connectors 171 of the liquid
connection module 17.

[0112] The various layers described above, including
the membrane, may be assembled and sealed together
by any known means, such as mechanical clamping
and/or applying an adhesive such as a pressure sensitive
adhesive (PSA) between two adjacent layers.

[0113] Makingreference tofigure 11 (whichis a variant
of figure 4, wherein the same reference numerals have
the same meaning), another, simplified version of a con-
trolmodule 11 can be implemented. This version, whichis
also a pneumatic control module, can be connected to a
liquid distribution layer 12 which is as described above.
The control module 11 can comprise a membrane 13 as
described above, a pneumatic layer 15, but no connect-
ing layer 14.

[0114] The pneumatic layer 15 may comprise a plur-
ality of gas channels 153. Atone end of each gas channel
153 is a membrane valve 18 as described elsewhere. At
the other end of each gas channel 153 is a gas inlet 154.
Each gas channel 153 therefore fluidically connects a
membrane valve 18 to a gas inlet 154. Each gas inlet 154
can be configured for receiving one end of a respective
gas channel or tube of the pneumatic input module 16. In
particular, each gas inlet 154 may be a connection port,
comprising for example an enlarged portion within the
gas channel 153 and/or a protrusion away from the face
of the pneumatic layer 15 where the gas inlet 154 is
located.

[0115] Thegasinlets 154 canbe arranged on one main
face of the pneumatic layer 15, which is also one main
face of the control module 11 (contrary to what was
described above in relation to Figure 4, where the gas
inlets are arranged on a side face of a layer of the control
module 11).

[0116] In some embodiments, each gas channel 153
fluidically connects a single membrane valve 18 to a
single gas inlet 154. In other embodiments, for at least
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some of the gas channels 153, the gas channel 153
fluidically connects two or more membrane valves 18
to a single gas inlet 154.

[0117] Asillustrated, the pneumatic layer 15 may itself
be a stack of two or more layers, such as a first layer 15a
and a second layer 15b. The first layer 15a may be in
contact with the membrane 13 and may accommodate
the (preferably enlarged) ends of the gas channels 153
which cooperate with the membrane 13 to form the
membrane valves 18. The portions of the gas channels
153 running within the first layer 15a may be oriented
substantially perpendicular to the main faces of the first
layer 15a. The second layer 15b may be fixed to the main
face of the firstlayer 15a which is opposite the membrane
13. The second layer 15b may comprise the gas inlets
154. Each portion of a gas channel 153 running within the
second layer 15b may comprise a first part oriented
substantially parallel to the main faces of the second
layer 15b, as well as a second part oriented substantially
perpendicular to these main faces (including in particular
the gas inlets 154).

[0118] This makes it possible to facilitate the connec-
tion of the pneumatic input module 16 to the pneumatic
layer 15: for example all gas inlets 154 may be aligned or
arranged as an array in one area of a main face of the
pneumatic layer 15 (which is also a main face of the
control module 11) facilitating a simultaneous connection
of all channels or tubes of the pneumatic input module 16
toall ofthese gas inlets 154, forexample using a standard
connector, regardless of the pattern of the membrane
valves 18.

[0119] The pneumatic layer 15 may be made of any
biocompatible hard materials such as polycarbonate,
polymethylmethacrylate, polyoxymethylene, cyclic olefin
polymers, cyclic olefin copolymers polytetrafluoroethy-
lene, polyetherimide, and metal alloys. It may have a
thickness of from 1to 20 mm, preferably from 3to 4 mm. It
can be assembled for example by mechanical clamping
and/or applying an adhesive such as a pressure sensitive
adhesive.

[0120] In yet another variant, the pneumatic layer 15
may be of unitary construction. In this case, and as shown
in figure 12, the entirety of the gas channels 153 may be
oriented substantially perpendicular to the main faces of
the pneumatic layer 15. This other variant is of even
simpler design than the previous one. In this case, each
channel or tube of the pneumatic input module 16 can be
connected to a respective gas channel 153 at a position
aligned with the corresponding membrane valve 18.

Fluid source system

[0121] Asshownin Figure 1, the fluid source system 2
comprises a plurality of liquid reservoirs 21 and at least
one liquid collector 22. Each liquid reservoir 21 is fluidi-
cally connected to one liquid inlet 121 of the liquid dis-
tribution system 1, via a respective tube 173 of the liquid
connection module 17. Therefore, several different liquid
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media can be fed to the fluidic chip(s) 3 from the respec-
tive liquid reservoirs 21, via a respective tube 173 of the
liquid connection module 17, then via a liquid inlet 121 of
the liquid distribution system 12, then via a feeding
channel 125 of the liquid distribution system 12, and
via a liquid feeding port 123 of the liquid distribution
system 1.

[0122] Liquid medium can be collected from the fluidic
chip(s) 3, via a liquid collecting port 124 of the liquid
distribution system 1, then via a collecting channel 126
of the liquid distribution system 1, via a liquid outlet 122 of
the liquid distribution system 1, via a respective tube 173
of the liquid connection module 17, and to a or the liquid
collector 22 in the fluid source system 2.

[0123] Liquid movement may be effected using a liquid
delivery device. Preferably, at least one liquid delivery
device is associated with each liquid reservoir. The liquid
delivery device can be integrated in the fluid source
system 2 itself. The liquid delivery devices can be in
particular peristaltic pumps, piston pumps, syringe
pumps, diaphragm pumps or pressure-controlled deliv-
ery devices. Pressure-controlled delivery devices are
preferred; they rely on pressurizing the liquid reservoirs
themselves.

[0124] The fluid source system 2 advantageously also
comprises a pneumatic source device - although said
pneumatic source device can also be provided as a
distinct element separate from the fluid source system
2. The pneumatic source system comprises a pressure
controller. When a pressure controller is present, option-
ally, it can also actuate the pressure-controlled delivery
devices used for effecting liquid movement. Alternatively,
a dedicated pressure controller may be used in the
pneumatic source system, and one or more other dedi-
cated pressure controller(s) may actuate the pressure-
controlled delivery devices used for effecting liquid move-
ment.

[0125] The pressure controller can independently con-
trol gas pressure within each gas channel or tube of the
pneumatic input(s) 16a, 16b shown on Figure 6. There-
fore, the pressure control can independently control gas
pressure within each gas channel 1512, 1522, 1523 of
the pneumatic layer 15.

[0126] It may be sufficient for the gas pressure within
eachgaschannel 1512,1522,1523 to be setatone target
value among two possible target values, namely a low
pressure value and a high pressure value. When the
pressure in the gas channel is at the high pressure value,
the corresponding membrane valve is in the closed posi-
tion, and when the pressure in the gas channel is at the
low pressure value, the corresponding membrane valve
is in the open position. Alternatively, it may be possible to
set the pressure in each gas channel at more than two
possible values, or even at any value within a predeter-
mined pressure range. This may make it possible to
regulate flow rate to and from the fluidic chip(s).

[0127] The gas the pressure of which is controlled
owing to the pressure controller can be for example air
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(such as medical air), hydrogen, carbon dioxide, or a
noble gas such as helium or argon.

[0128] The pressure controller can be an electrome-
chanical device comprising one or more valves, such as
proportional valves, and one or more pressure sensors,
and a gas source (or a line leading to a gas source) such
as a pressurized gas bottle. The opening (or closing) of
the valve(s) can be controlled based on input from the
pressure sensor(s) and based on the pressure set-
point(s) set by the user or by the control unit described
further below.

Coupling of the liquid distribution chip with the fluidic
chip(s)

[0129] By "fluidic chip" is meant a chip comprising at
least one channel wherein liquid medium can flow. The
fluidic chip can be millifluidic, microfluidic or nanofluidic.
Preferably, it is a microfluidic chip.

[0130] By "millifluidic" is meant a system in which the
minimal channel dimensions are of the order of 1-10 mm.
By "microfluidic” is meant a system in which the minimal
channel dimensions are of the order of 1 toless than 1000
pm. By "nanofluidic" is meant a system in which the
minimal channel dimensions are of the order of less than
1 pm.

[0131] The fluidic chips may be in particular organ-on-
chips or tissue-on-chips. By "organ-on-a-chip" or "tissue-
on-a-chip" is meant a multi-channel 2-D or 3-D micro-
fluidic cell culture chip that simulates the activities, me-
chanics and physiological response of entire organs,
organ systems or tissues. The organ-on-a-chip can in
particular be a brain-on-a-chip or a guts-on-a-chip.
[0132] The fluidic chips may be made of a polymer
material, such as a silicone based material (e.g., poly-
dimethylsiloxane). Other possible materials include other
biocompatible hard materials such as polycarbonate,
polymethylmethacrylate, polyoxymethylene, cyclic olefin
polymers, cyclic olefin copolymers, polytetrafluoroethy-
lene, polyetherimide, and metal alloys.

[0133] Making reference to Figure 9, the fluidic chip
may comprise at least one, and preferably a plurality of
chambers 31 (or channels), each chamber 31 comprising
atleastone fluidic chip inlet 32 and at least one fluidic chip
outlet 33. In some cases, each chamber 31 may have a
single fluidic chip inlet 32 and a single fluidic chip outlet
33.

[0134] Thefluidic chip may substantially in the shape of
a plate. The chambers 31 may run mostly parallel to the
plane of the plate, in the interior of the fluidic chip. The
fluidic chip inlets 32 and fluidic chip inlets 33 may run
mostly perpendicular to the plane so as to make each
chamber 31 accessible from one main face of the fluidic
chip.

[0135] Whenthe liquid distribution systemis coupledto
the fluidic chip, the liquid feeding ports 123 and liquid
collecting ports 124 are connected respectively to the
fluidic chip inlets 32 and fluidic chip outlets 33 of the fluidic
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chip. For example, making again reference to Figure 4, if
the liquid feeding ports 123 and liquid collecting ports 124
comprise respective protrusions 1231, 1241 extending
away from the main face of the liquid distribution layer 12,
these protrusions 1231, 1241 may be directly inserted
into fluidic chip inlets 32 and fluidic chip outlets 33 to
ensure the connection. Gaskets (not shown) may be
added, if needed, to make the assembly leaktight. Alter-
natively, protrusions can rather be provided on the fluidic
chipinlets 32 and fluidic chip outlets 33 for direct insertion
into the liquid feeding ports 123 and liquid collecting ports
124 respectively. By "direct" insertion or coupling is
meant that there is no intermediate tubing or other liquid
conducting element.

[0136] Figure 9 also shows that the fluidic chip inlets
32 and fluidic chip outlets 33 may be arranged as a matrix
of columns and rows (just like the liquid feeding ports and
liquid collecting ports, as described above).

[0137] Intheillustrated example, 24 pairs of fluidic chip
inlets 32 and fluidic chip outlets 33 are arranged in four
columns C1, C2, C3, C4 and sixrows L1, L2, L3, L4, L5,
L6.

[0138] The drawing also schematically and partially
shows a network of valves in the liquid distribution system
superimposed with the depiction of the fluidic chip.
[0139] The valvesin the liquid distribution system may
be divided into three groups.

[0140] Each valve in the first group is configured for
opening or obstructing fluid communication in the feeding
channel between one respective liquid inlet and all of the
liquid feeding ports. By selectively actuating the valvesin
the first group, it is possible to select which liquid medium
flows into the liquid distribution system (and thus into the
fluidic chip).

[0141] Eachvalveinthe second group is configured for
opening or obstructing fluid communication in the feeding
channel between all liquid inlets and one respective
column of liquid feeding ports. By selectively actuating
the valves in the second group, it is possible to select a
column of liquid feeding ports (and thus a column of fluidic
chip inlets in the fluidic chip) which can receive liquid
medium.

[0142] Each valve in the third group is configured for
opening or closing fluid communication between all liquid
inlets and one respective row of liquid feeding ports. By
selectively actuating the valves in the third group, it is
possible to select a row of liquid feeding ports (and thus a
row of fluidic chip inlets in the fluidic chip) which can
receive liquid medium.

[0143] By selectively actuating the valves in all three
groups, it is possible to independently feed each fluidic
chip inlet with any liquid medium available in the fluid
source system.

[0144] Figure 9 only illustrates the valves of the sec-
ond group 18b and the valves of the third group 18c.
[0145] In the third group, one additional row of valves
(row L7 on the drawings) makes it possible to open or
close a direct fluidic connection (not through the fluidic
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chip) between the feeding channel and the collecting
channel, via the bypass channels described above.
[0146] A single fluidic chip may be coupled to the liquid
distribution system.

[0147] Alternatively, two or more fluidic chips may be
coupled to the liquid distribution system. In this case, a
first portion of the liquid feeding ports and liquid collecting
ports are fluidically connected to a first fluidic chip, a
second portion of the liquid feeding ports and liquid
collecting ports are fluidically connected to a second
fluidic chip, etc. The two or more fluidic chips are thus
multiplexed onto the liquid distribution system.

[0148] For example, the single fluidic chip shown in
Figure 9 can be replaced by two or more fluidic chips
disposed in parallel. For example, the single fluidic chip
can be replaced by eight fluidic chips, comprising respec-
tively the chambers, fluidic chip inlets and fluidic chip
outlets of: column C1androws L1, L2, L3; column C1and
rows L4, L5, L6; column C2 and rows L1, L2, L3; column
C2 androws L4, L5, L6; column C3 and rows L1, L2, L3;
column C3 and rows L4, L5, L6; column C4 and rows L1,
L2, L3; column C4 and rows L4, L5, L6.

[0149] The liquid distribution system can be con-
structed and operated in the same manner whether a
single fluidic chip or multiple fluidic chips are used and
coupled to the liquid distribution system.

Method of feeding liquid

[0150] The invention provides a method of feeding
liquid to the fluidic chip described above. Once the var-
ious liquid inlets of the liquid distribution system are
fluidically connected to respective liquid reservoirs,
and once the liquid distribution system is connected to
the fluidic chip, at least some of the valves of the control
module can be actuated (opened or closed) so as to
establish a liquid flow path between at least one of the
liquid inlets and at least one of the liquid feeding ports,
and liquid can be caused to flow from the liquid reservoir
to the liquid feeding port via said flow path. Liquid then
flows within the fluidic chip in atleast one chamber, from a
fluidic chip inlet to a fluidic chip outlet. Liquid is advanta-
geously collected from the fluidic chip outlet back to the
liquid distribution system via at least one of the liquid
collecting ports, it flows in a return flow path within the
liquid distribution system, then through the liquid outlet
thereof and to a liquid collector.

[0151] The liquid reservoirs and the liquid collector
may be incorporated in a fluid source system as de-
scribed above.

[0152] When the control module is a pneumatic control
module, the valves may be actuated by controlling gas
pressure at each gas inlet of the pneumatic control mod-
ule. As described above, the controlled pressure may for
example be selected from two pressure levels, namely a
low pressure level and a high pressure level. The valve
may be closed at the high pressure level and open at the
low pressure level.
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[0153] Figures 10A to 10C are diagrams showing
various flow paths in a liquid distribution system. In each
of these diagrams, the liquid inlets are labeled as A to H.
Each liquid inlet can be fluidically connected to a different
liquid reservoir. Label | represent the liquid outlet. Below
the line of liquid inlets and outlet, each circle represents a
valve.

[0154] Valves 18a of the first group (as defined above)
are depicted just below each liquid inlet A-H. Eight such
valves are shown in the illustrated example. Valves 18b of
the second group (as defined above) are depicted below
the valves 18a of the first group. There are four such
valves in the illustrated example. Valves 18c of the third
group (as defined above) are depicted below the valves
18b of the second group. The valves 18c of the third group
are coupled by rows. There are seven such rows in the
illustrated example. Within each row, all valves are either
open or closed. In all but one row (six first rows from the
top in the illustration), the valves correspond to pairs of
liquid feeding ports and liquid collecting ports. There are
four such pairs of valves per row in the illustration, i.e. one
valve per liquid feeding port and one valve per liquid
collecting port. The remaining row (last row at the bottom
in the illustration) comprises one valve per column and
make it possible to open or close a bypass flow path, i.e. a
flow path which bypasses the fluidic chip (via a bypass
channel as described above).

[0155] InFigure 10A, all valves are closed and there is
no liquid flow in the liquid distribution system or in the
fluidic chip.

[0156] InFigure 10B, all valves are closed except that
one valve 18a of the first group is open (the one below
liquid inlet C in the illustration), one valve 18b of the
second group is open (the third one from left to right in
the illustration) and the valves 18c of one row within the
third group are open (this is the fifth row from the top in the
illustration). As a result, a liquid flow path 120 is estab-
lished from one liquid inlet C to a single selected liquid
feeding port 123. The open valve 18b of the second group
orients the flow path to one column of liquid feeding ports,
and the open valves 18c of the third group orient the flow
path to one row of liquid feeding ports. The selected liquid
feeding port 123 is the one presentin this column and row.
Liquid can flow through this liquid flow path, then within a
chamber 31 of the fluidic chip, and then again in the liquid
distribution system from a liquid collecting port 124 as-
sociated with the selected liquid feeding port 123, and
then via a liquid flow path 120’ leading to the liquid outlet I.
The configuration shown in Figure 10B corresponds to a
step of perfusing one chamber 31 of the fluidic chip with a
selected liquid medium.

[0157] Itshould be mentioned thatthe valves 18c of the
third group may be aligned with the respective liquid
feeding ports 123 and liquid collecting ports 124 or
may be offset relative to those, within the plane of the
respective layer.

[0158] InFigure 10C, all valves are closed except that
one valve 18a of the first group is open (the one below
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liquid inlet H in the illustration), one valve 18b of the
second group is open (the third one from left to right in
the illustration) and the valves 18c of one row within the
third group are open (this is the seventh row from the top
in the illustration). As a result, a liquid flow path 120" is
established in the liquid distribution system 1 from one
liquid inlet H directly to the liquid outlet I. The liquid flow
path 120" bypasses all liquid feeding ports and therefore
bypasses the fluidic chip. This liquid flow path 120"
includes part of the feeding channel, one bypass chan-
nel, and part of the collecting channel, as described
above. The configuration shown in Figure 10C may
correspond to a step of washing (at least part of) the
feeding channel and the collecting channel. A washing
step may be interposed between two different perfusing
steps.

[0159] The method of feeding liquid to the fluidic chip
may therefore comprise:

- perfusing liquid from a first liquid reservoir to a
chamber of a fluidic chip, followed by perfusing liquid
from a second liquid reservoir (different from the first
liquid reservoir) to the same chamber; and/or

- perfusing liquid from a liquid reservoir to a first
chamber of a fluidic chip, followed by perfusing liquid
from the same or a different liquid reservoir to a
(different) second chamber of the same or another
fluidic chip; and/or

- simultaneously perfusing liquid from a liquid reser-
voir to two or more chambers within one or more
fluidic chips.

[0160] Between two successive perfusing steps, the
method may comprise a step of not perfusing liquid to the
fluidic chip.

[0161] The method may also comprise a step of wash-
ing (at least part of) the feeding channel and collecting
channel of the liquid distribution system, bypassing the
fluidic chip(s), with a washing solution. Such a washing
step may in particular be provided between two succes-
sive perfusing steps.

[0162] The method may be automatically implemen-
ted, by way of a control unit.

[0163] The control unit may comprise a graphical user
interface which allows to choose an input value for one or
more parameters.

[0164] The control unit may comprise one or more
processors coupled to one or more storage mediums,
as well as a computer program comprising instructions
stored thereon, for performing various steps described
above. The control unit may be partly or fully incorporated
in the fluid source system and/or may be electronically
connected to the fluid source system.

[0165] The control unit may be configured to receive
input from any combination of one or more sensors,
including for example pressure sensors and/or flow me-
ters, as well as input from the user. The one or more
pressure sensors and/or flow meters may be within the
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fluid source system, the liquid distribution system and/or
the fluidic chips.

[0166] The control unit may process the input data
and/or the user instructions and as a result, provide
instructions to actuate the liquid delivery device(s) and
the valves described above.

[0167] The control unit may provide the instructions
according to any known regulation algorithm in the field of
control engineering to correspond a physical parameter
(such as a pressure or flow rate) to the user instructions.
In some preferred embodiments, the regulation algorithm
involves a closed loop configuration. The regulation al-
gorithm may be of the proportional type (P), integral type
(), derivative type (D), proportional-integral type (PI),
proportional-derivative type (PD), integral-derivative
type (ID), preferably proportional-integral-derivative type
(PID) or any other known algorithms in the control theory
comprising linear models, deterministic system control,
fuzzy logic, and machine-learning.

[0168] The method of feeding liquid to a fluidic chip
may be applied for the cultivation of cells or tissues within
the fluidic chip, for conducting biological or biochemical
assays within the fluidic chip, and for example for screen-
ing drugs or other active substances, or for assessing the
toxicity of any active substance.

Claims

1. A liquid distribution system (1) for fluidic chips (3)
comprising:

- a liquid distribution layer (12) comprising:

- a plurality of liquid inlets (121);

- a plurality of liquid feeding ports (123);

- a plurality of liquid collecting ports (124);
- at least one liquid outlet (122);

- at least one feeding channel (125a, 125b,
125c) fluidically connecting each liquid inlet
(121) to the plurality of liquid feeding ports
(123);

- at least one collecting channel (126a,
126b, 126c¢) fluidically connecting the liquid
outlet (122) to the plurality of liquid collect-
ing ports (124);

wherein the liquid distribution layer (12) is
configured to be coupled to one or more
fluidic chips (3) having a plurality of fluidic
chip inlets (32) and fluidic chip outlets (33),
each liquid feeding port (123) being config-
ured to be coupled to a fluidic chip inlet (32)
and each liquid collecting port (124) being
configured to be coupled to a fluidic chip
outlet (33);

- a control module (11) comprising a plurality of
valves (18), each valve (18) being configured to
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open or obstruct fluid communication in the
feeding channel (125a, 125b, 125c) or in the
collecting channel (126a, 126b, 126c) of the
liquid distribution layer (12), the control module
(11) being configured to selectively establish
fluid communication between any of the liquid
inlets (121) and any of the liquid feeding ports
(123).

2. Theliquid distribution system (1) of claim 1, wherein
the liquid feeding ports (123) are arranged in an array
of rows (128) and columns (129); and/or the liquid
collecting ports are arranged in an array of rows
(128) and columns (129).

3. Theliquid distribution system of claim 1 or 2, where-
in:

- the feeding channel (125a, 125b, 125c) com-
prises one common portion (125a) fluidically
connected to the plurality of liquid inlets (121)
and fluidically connected to a plurality of branch
portions (125b), each branch portion (125b)
being fluidically connected to a plurality of sub-
branch portions (125c), each branch portion
(125b) being optionally configured to feed liquid
to a column (129) of liquid feeding ports (123)
and each subbranch portion (125¢) associated
with this branch portion (125b) being configured
to feed liquid to one feeding port (123) within the
column (129); or each branch portion (125b)
being optionally configured to feed liquid to a
row (128) of liquid feeding ports (123) and each
subbranch portion (125c) associated with this
branch portion (125b) being configured to feed
liquid to one feeding port (123) within the row
(128); and/or

- the collecting channel (126a, 126b, 126¢) com-
prises one common portion (126a) fluidically
connected to the liquid outlet (122) and fluidi-
cally connected to a plurality of branch portions
(126b), each branch portion (126b) being fluidi-
cally connected to a plurality of subbranch por-
tions (126c¢), each branch portion (126b) being
optionally configured to collect liquid from a
column (129) of liquid collecting ports (124)
and each subbranch portion (126¢) associated
with this branch portion (126b) being configured
to collect liquid from one collecting port (124)
within the column (129); or each branch portion
(126b) being optionally configured to collect li-
quid from a row (128) of liquid collecting ports
(124) and each subbranch portion (126¢) asso-
ciated with this branch portion (126b) being
configured to collect liquid from one collecting
port (124) within the row (128).

4. Theliquid distribution system (1) of claim 3, compris-
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ing:

- one valve (18a) associated with each liquid
inlet (121);

- one valve (18b) associated with each respec-
tive branch portion (125b, 126b) of the feeding
channel or collecting channel;

- one valve (18c) associated with each sub-
branch portion (125c¢, 126c¢) of the feeding chan-
nel or collecting channel.

5. Theliquid distribution system (1) of any one of claims

1 to 4, wherein the valves (18) comprise:

- afirstgroup of valves (18a), wherein each valve
(18a) in this first group is configured for opening
orobstructing fluid communication in the feeding
channel (125a) between one respective liquid
inlet (121) and all of the liquid feeding ports
(123);

- a second group of valves (18b), wherein each
valve (18b)in this second group is configured for
opening or obstructing fluid communication in
the feeding channel (125b) between all liquid
inlets (121) and one respective column (129) of
liquid feeding ports (123);

- a third group of valves (18c), wherein each
valve (18c¢) in this third group is configured for
opening or closing fluid communication between
all liquid inlets (121) and one respective row
(128) of liquid feeding ports (123).

The liquid distribution system (1) of any one of claims
1to 5, wherein the controlmodule (11) is a pneumatic
control module, the valves (18) are membrane
valves and the pneumatic control module (11) com-
prises:

- a plurality of gas inlets (1511, 1521, 154);

- a plurality of gas channels (1512, 1522, 1523,
153), each gas channel (1512, 1522, 1523, 154)
fluidically connecting a gas inlet (1511, 1521,
154) with a membrane valve (18).

The liquid distribution system (1) of claim 6, compris-
ing a single deformable membrane (13) fixed onto
the liquid distribution layer (12).

The liquid distribution system (1) of claim 6 or 7,
wherein the feeding channel (125a, 125b, 125c)
and/or collecting channel (126a, 126b, 126c) in the
liquid distribution layer (12) comprise a plurality of
protrusions (1350) against which respective mem-
brane valves (18) press to obstruct fluid communica-
tion in said feeding channel (125a, 125b, 125c)
and/or collecting channel (126a, 126b, 126c).

The liquid distribution system (1) of any one of claims
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6 to 8, wherein at least a portion of the gas channels
(1512, 1522, 153) fluidically connects a gas inlet
(1511, 1521, 154) to a single membrane valve (18).

The liquid distribution system (1) of any one of claims
6 to 9, wherein the pneumatic control module (11)
comprises at least one layer (151, 152) which com-
prises gas channels (1512, 1522, 1523), and one
connecting layer (14) which comprises connecting
holes (1431, 1411) interposed between the gas
channels (1512, 1522, 1523) and the membrane
valves (18).

The liquid distribution system (1) of any one of claims
6 to 10, wherein the pneumatic control module (11)
comprises atleast afirstlayer (151) comprising a first
group of gas channels (1512), and a second layer
(152) comprising a second group of gas channels
(1522, 1523); wherein, preferably, the first group of
gas channels (1512) is fluidically connected with the
second group of membrane valves (18b), and the
second group of gas channels (1522, 1523) is flui-
dically connected with the first group and third group
of membrane valves (18a, 18c).

An assembly comprising a fluid source system (2)
coupled to the liquid distribution system (1) of any
one of claims 1to 11, wherein the fluid source system
(1) comprises:

- a plurality of liquid reservoirs (21), wherein
each liquid reservoir (21) is fluidically connected
with a respective liquid inlet (121) of the liquid
distribution layer (12); and/or

- a liquid collector (22) fluidically connected with
the liquid outlet (122) of the liquid distribution
layer (12).

The assembly of claim 12, wherein the liquid distri-
bution system (1) is according to any one of claims 6
to 11 and wherein the fluid source system (2) further
comprises:

- a gas pressure controller having a plurality of
gas lines, wherein each gas line is fluidically
connected with a respective gas inlet (1511,
1512) of the pneumatic control module (11),
wherein the gas pressure controller is preferably
configured for selectively applying a low pres-
sure level or a high pressure level in each gas
line.

A method of feeding liquid to one or more fluidic chips
(3) comprising a plurality of fluidic chip inlets (32) and
fluidic chip outlets (33), the method comprising:

- connecting the liquid distribution system (1) of
any one of claims 1 to 11 to the one or more
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fluidic chips;

- connecting the liquid inlets (121) of the liquid
distribution layer (12) to respective liquid reser-
voirs (21);

- actuating at least some of the valves (18) of the
control module (11) to establish a liquid flow path
between atleast one of the liquid inlets (121) and
at least one of the liquid feeding ports (123);

- flowing liquid from a liquid reservoir (21) to at
least one of the fluidic chip(s) (3) via said liquid
flow path.

15. The method of claim 14, wherein the liquid distribu-
tion system (1) is according to any one of claims 6 to
11, and wherein the valves (18) are actuated by
controlling pressure at each gas inlet (1511, 1521)
of the pneumatic control module (11), the controlled
pressure being preferably selected from two pres-
sure levels, namely a low pressure level and a high
pressure level.
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