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(57) ABSTRACT 

The invention is notably directed to a microfluidic device. 
The device comprises a substrate with a microchannel 
formed as a groove on a main surface of the substrate. The 
device further comprises one or more conduits extending 
parallel to the main surface of the substrate, and from a 
lateral surface of the substrate up to a lateral wall of the 
microchannel. The one or more conduits are confgured so as 
to allow insertion of one or more electrodes therein, respec-
tively, and such that an end of each of the one or more 
electrodes can reach into the microchannel. The invention is 
further directed to related sets of components, which include 
the above microfluidic device, as well as a housing, with 
electronics, and, possibly, a porous support (e.g., a mem-
brane) and a cap. Biosensing applications are notably con-
templated. The invention is further directed to methods of 
operating a microfluidic device. 
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MICROFLUIDIC DEVICE WITH 
LATERALLY INSERTABLE ELECTRODES 

BACKGROUND 

10001] The present invention relates in general to the field 
of microfluidic devices, and microfluidic devices confgured 
to allow insertion of standard or customized electrodes in 
particular. 
10002] Biosensors rely on living organisms or biological 
molecules, such as enzymes or antibodies, to detect the 
presence of chemicals. They can notably be used to obtain 
data about the physiological state of a person and, as such, 
allow a vast range of health and medical applications. 
10003] Many devices used for (bio)sensing require elec-
trodes. Biosensors are sometimes built on a microfluidic 
chip. Microfluidics deals with the precise control and 
manipulation of small volumes of fluids that are typically 
constrained to micrometer-length scale channels and to 
volumes typically in the sub-milliliter range. Prominent 
features of microfluidics originate from the peculiar behav-
ior that liquids exhibit at the micrometer length scale. Flow 
of liquids in microfluidics is typically laminar. Volumes well 
below one nanoliter can be reached by fabricating structures 
with lateral dimensions in the micrometer range. Microflu-
idic devices generally refer to microfabricated devices, 
which may be used for pumping, sampling, mixing, analyz-
ing and dosing liquids. 
10004] Many microfluidic devices have user chip inter-
faces and closed flow paths. Closed flow paths facilitate the 
integration of functional elements (e.g., heaters, mixers, 
pumps, UV detector, valves, etc.) into one device while 
minimizing problems related to leaks and evaporation. The 
analysis of liquid samples often requires a series of steps 
(e.g., filtration, dissolution of reagents, heating, washing, 
reading of signal, etc.). Metallic electrodes are sometimes 
patterned in channels of the device. 

SUMMARY 

10005] According to a first embodiment, the present inven-
tion is embodied as a microfluidic device. The device 
comprises a substrate with a microchannel formed as a 
groove on a main surface of the substrate. The device further 
comprises one or more conduits extending parallel to the 
main surface of the substrate. The conduits further extend 
from a lateral surface of the substrate up to a lateral wall of 
the microchannel. The one or more conduits are otherwise 
configured so as to allow insertion of one or more electrodes 
therein, respectively, such that an end of each of the one or 
more electrodes can reach into the microchannel. 
10006] The proposed configuration allows external elec-
trodes to be easily plugged in (and possibly easily removed 
from) the microfluidic device. Electrodes are inserted later-
ally (i.e., in-plane with the substrate). This way, fragile 
electrodes are less likely to break upon insertion. In addition, 
the electrodes are less dangerous, especially if the device is 
embodied as a wearable sensor, such as a patch worn on, or 
close to, the skin. Thus, laterally inserted electrodes will 
extend parallel to the substrate and hence parallel to the skin 
in practice, which makes the electrodes less dangerous for 
the user who wears the device. The present devices are 
preferably designed such that the electrodes may be easily 
be replaced (e.g., in case they break or are not functional 
anymore). 
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10007] In embodiments, the microchannel extends, at one 
end, from a sample collection aperture formed on a main 
surface of the substrate. This aperture is configured so as to 
collect a sample transversely to the main surface and then 
allow the collected sample to pass into the microchannel, in 
operation. A sample is thus collected transversely to the 
substrate (e.g., the sample to be collected is transversely 
aspirated or otherwise passed along an out-of-plane direc-
tion), before being transported via the channel (i.e., in-plane 
with the substrate). This way, the device can be embodied as 
a flat (e.g., planar) device, which can easily be placed and 
worn by a user. This feature makes it particularly suited for 
biosensing applications. 
10008] According to at least one embodiment, the micro-
channel extends, at another end, from an area on a main 
surface of the substrate, which area includes a medium 
configured so as to capillary pull a sample from the micro-
channel. This medium may include a liquid absorbent mate-
rial and/or capillary structures, so as for the area and the 
medium to form a capillary pump. Although other means can 
be contemplated to collect the sample, a capillary traction 
makes it typically simpler and cost-effective as no active 
pumping means are needed. In addition, this makes it 
possible to preserve a form factor for the (flat) device. 
10009] According to at least one embodiment, the one or 
more conduits extend from one or more orifices, respec-
tively. The orifices are formed on the lateral surface of the 
substrate. Furthermore, the orifices are flared, so as to ease 
insertion of the electrodes, in operation. 
10010] The present devices may be provided with elec-
trodes inserted therein, or not. In other words, in some 
embodiments, the device includes said electrodes. The elec-
trodes may be inserted in respective conduits of the sub-
strate, such that an end of each of the one or more electrodes 
reaches into the microchannel. 
10011] According to at least one embodiment, at least one 
of said one or more electrodes has an average diameter that 
is between 0.4 mm and 2.0 mm. Such dimensions may be 
particularly advantageous in view of fabrication constraints 
on the microfluidic devices, as discussed in detail in the next 
section. 
10012] In preferred embodiments, the electrodes are 
removably inserted in the conduits. That is, on the one hand, 
said one or more electrodes and, on the other hand, said one 
or more conduits and/or said one or more orifices are 
configured so as for said one or more electrodes to be 
removably inserted in said one or more conduits. 
10013] In variants, or in addition to being removably 
inserted, one or more of the electrodes may be slidably 
inserted in the conduits. More precisely, one or more of the 
conduits and/or one or more of the orifices may be config-
ured so as for said one or more electrodes to be slidably 
inserted in said one or more conduits. 
10014] In embodiments, the conduits comprise a hydro-
phobic inner coating and/or a liquid pinning structure, so as 
to prevent liquid in the microchannel to escape the latter via 
the conduits. The electrodes too may be coated with a 
hydrophobic coating, if necessary. 
10015] According to at least one embodiment, the device 
comprises two conduits and two electrodes, the latter respec-
tively inserted in the two conduits, such that an end of each 
of the two electrodes reaches into the microchannel. The two 
electrodes typically include a reference electrode and a 
working electrode. 
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10016] In preferred embodiments, the two conduits are 
configured such that a distance (a gap) between ends (the 
sensing portions) of the two electrodes that reach into the 
microchannel is less than 2 mm, so as to reduce the 
resistance arising due the solution probed in the microchan-
nd. 
10017] In embodiments, the device comprises one or more 
microchannels, each formed as a groove on a main surface 
of the substrate. In addition, the device comprises at least 
three conduits extending parallel to said main surface, from 
a lateral surface of the substrate up to a lateral wall of one 
of the one or more microchannels. The at least three conduits 
are configured so as to allow insertion of at least three 
electrodes therein, respectively, and such that an end of each 
of the at least three electrodes can reach into one of the one 
or more microchannels. The electrodes now include a ref-
erence electrode and at least two working electrodes. Such 
embodiments can advantageously be applied to multiplexing 
applications. 
10018] According to at least one embodiment, the device 
further comprises an indent, arranged opposite to one of the 
one or more conduits, with respect to the microchannel, so 
as to allow insertion of an electrode into said one of the one 
or more conduits. This way, an end of this electrode can 
reach into the indent through the microchannel. When not in 
use, the electrode may for instance be pushed so as for the 
electrode tip to reach a bottom face of this indent, e.g., in 
order to protect the electrode and/or seal a diaphragm (a 
glass frit) of the electrode and prevent evaporation of an 
electrolyte in the electrode pin. 
10019] According to another embodiment, the invention 
may be embodied as a set of components (i.e., an assembly). 
Such components include a microfluidic device according to 
embodiments. They further include the electrodes and an 
electronic device (peripheral device). The latter comprises a 
housing and electronics, which are encapsulated in the 
housing, in such a manner that the electronics can be set in 
electric communication with the one or more electrodes. The 
electronics are otherwise configured to read signals obtained 
from the one or more electrodes, in operation. 
10020] According to at least one embodiment, the housing 
is watertight, which has multiple advantages. For example, 
liquid sample (e.g., sweat) can accordingly not leak into the 
electronics. In addition, the device can easily be washed and 
cleaned after use. 
10021] In embodiments, the electrodes are mounted on the 
housing and are, each, protruding from a lateral surface of 
the housing, which allows simple designs. 
10022] In variants, the electrodes are held parallel to a 
basis surface of the electronic device. For example, the 
housing of the electronic device comprises a snap-fit mecha-
nism configured to receive the electrodes. Once received on 
the snap-fit mechanism, the electrodes extend parallel to a 
basis surface of the housing. The electrodes can then be 
inserted in the conduits of the microfluidic device, by 
suitably pushing the housing, above and parallel to the 
microfluidic device. In this configuration, the electrodes are 
less prone to breakage, upon insertion. 
10023] In preferred embodiments, the above set further 
comprises a porous support. The substrate of the microflu-
idic device fits on this porous support. In operation, the 
microchannel of the microfluidic device extends, at one end, 
from a sample collection aperture formed on a main surface 
of the substrate, with the aperture configured so as to collect 
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a sample from the porous support and allow collected 
sample to pass into the microchannel. 
10024] If necessary, the above set further comprises a 
storage cap for storing the electronic device (with electrodes 
mounted thereon). That is, the storage cap comprises cavi-
ties designed to receive the electrodes as the electronic 
device is stored on the storage cap. 
10025] According to another embodiment, the present 
invention is embodied as a method of operating a microflu-
idic device (according to embodiments). A key step is to 
insert the electrodes in the conduits of the microfluidic 
device, such that an end of each of the one or more 
electrodes reaches into the microchannel, and so as to enable 
measurements. 
10026] In operation of the device, the method typically 
comprises capillary pulling a liquid (comprising a sample) in 
the microchannel, and obtaining a signal via the electrodes 
to analyze the sample. 
10027] In preferred embodiments (e.g., in biosensing 
applications), the microfluidic device is maintained, with the 
electrodes inserted therein, on a surface (e.g., the skin of a 
human being) that produces said liquid (e.g., sweat), while 
capillary pulling the liquid. 
10028] According to at least one embodiment, the micro-
fluidic device is maintained on said surface with a porous 
support sandwiched between said surface and the microflu-
idic device. 
10029] Microfluidic devices, bio sensors, sets of compo-
nents (including such devices) and methods embodying the 
present invention will now be described, by way of non-
limiting examples, and in reference to the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

10030] These and other objects, features and advantages of 
the present invention will become apparent from the fol-
lowing detailed description of illustrative embodiments 
thereof, which is to be read in connection with the accom-
panying drawings. The various features of the drawings are 
not to scale as the illustrations are for clarity in facilitating 
one skilled in the art in understanding the invention in 
conjunction with the detailed description. The drawings are 
intended to depict only typical embodiments of the inven-
tion, and therefore should not be considered as limiting the 
scope of the invention. In the drawings: 
10031] FIG. 1A shows a bottom view of the microfluidic 
device and the housing before assembly according to at least 
one embodiment; 
10032] FIG. lB shows a bottom view of the microfluidic 
device and the housing after assembly according to at least 
one embodiment: 
10033] FIG. 1C is a corresponding side view, which fur-
ther shows the microfluidic device capping the porous 
support according to at least one embodiment; 
10034] FIG. 1D is a side view of the housing stored on a 
storage cap when not in use according to at least one 
embodiment; 
10035] FIG. 2A shows a bottom view of the microfluidic 
device and the housing, before assembly according to at 
least one embodiment; 
10036] FIG. 2B is a corresponding longitudinal section 
view, which further shows the microfluidic device capping 
the porous support according to at least one embodiment; 
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10037] FIG. 2C shows a bottom view of the microfluidic 
device and the housing, before assembly according to at 
least one embodiment; 
10038] FIG. 2D shows the same components after assem-
bly according to at least one embodiment; 
10039] FIG. 2E is a view of the housing, as stored on a 
modified storage cap according to at least one embodiment; 
10040] FIG. 3 is a bottom view of a microfluidic device 
and a housing, where electrodes are maintained on the 
microfluidic device according to a variant to FIG. 2; 
10041] FIG. 4 illustrates a variant to FIG. 3, wherein an 
indent is provided to prevent evaporation of the electrode 
solution of a reference electrode, according to embodiments; 
10042] FIG. S is an exploded view of a set of components 
similar to that of FIG. 1; and 
10043] FIG. 6 shows 3D views of these components, in 
operation, and according to embodiments of a method 
according to the invention. 

DETAILED DESCRIPTION 

10044] Detailed embodiments of the claimed structures 
and methods are disclosed herein; however, it can be under-
stood that the disclosed embodiments are merely illustrative 
of the claimed structures and methods that may be embodied 
in various forms. This invention may, however, be embodied 
in many different forms and should not be construed as 
limited to the exemplary embodiments set forth herein. In 
the description, details of well-known features and tech-
niques may be omitted to avoid unnecessarily obscuring the 
presented embodiments. 
10045] References in the specification to "one embodi-
ment", "an embodiment", "an example embodiment", etc., 
indicate that the embodiment described may include a 
particular feature, structure, or characteristic, but every 
embodiment may not necessarily include the particular 
feature, structure, or characteristic. Moreover, such phrases 
are not necessarily referring to the same embodiment. Fur-
ther, when a particular feature, structure, or characteristic is 
described in connection with an embodiment, it is submitted 
that it is within the knowledge of one skilled in the art to 
affect such feature, structure, or characteristic in connection 
with other embodiments whether or not explicitly described. 
10046] Many microfluidic devices and devices used for 
(bio)sensing require electrodes. Creating such electrodes 
(e.g., by patterning metals on substrates used to fabricate the 
microfluidic devices) can be process intensive and costly. 
10047] Also, devices used for biosensing applications 
must typically have a form factor suited for portability 
purposes. Such devices should further be reasonably safe 
(they may for example need to incorporate safe materials 
only). In addition, such devices should not be prone to 
leakage or breaking. 
10048] The electrodes should ideally be easily added to the 
device, and if possible, easily removed for exchange, with-
out this necessarily requiring a technical expert or an elabo-
rate setup. 
10049] Thus, the present invention includes a new concept 
of microfluidic devices, in which electrodes are laterally 
inserted in the microfluidic device and typically separable 
from the sensing device. This approach, however, raises 
additional challenges. For example, a leak-free assembly 
may be required. In addition, a high-quality reference elec-
trode may be needed, in some applications. Such a reference 
electrodes may typically comprise an electrolyte of a well-
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defined chemical composition (e.g., Ag/AgCl reference elec-
trode) and the lifetime of such an electrode might be an issue 
if the electrolyte evaporates. 
10050] The following description is structured as follows. 
First, general embodiments and high-level variants of the 
present invention are described in greater detail below with 
respect to section 1. Section 2 addresses more specific 
embodiments and technical implementation details. 

1. General Embodiments and High-Level Variants 

10051] In reference to FIGS. 1-4, an aspect of the inven-
tion is first described, which concerns a microfluidic device 
11, 12, 13, 14. Such a device comprise one or more micro-
channels and other microfluidic features, a characteristic 
dimension of which (e.g., width or depth) is in the microm-
eter-length range (i.e., typically between 1 tm and 100 tm). 
Yet, some particular structures of such devices may be in the 
nanoscale range or in the millimeter range, the devices as a 
whole typically being in the centimeter range. Various 
embodiments of this microfluidic device are contemplated, 
starting with those illustrated in FIGS. 1-4. In all cases, such 
devices 11-14 all comprise a substrate 100 with a channel 
grooved thereon and lateral, in-plane conduits 101, 102, 
allowing lateral insertion of electrodes therein. 
10052] More in detail, such devices 11-14 comprise a 
substrate 100 having a microchannel 104 (also referred to as 
a "channel") formed as a groove on a main surface of the 
substrate 100. The substrate is typically an essentially planar 
object, such as a chip, a wafer or any such planar support. 
However, the substrate may, in variants, have other struc-
tures formed thereon. In fact, the substrate only need be 
planar in the vicinity of the channel 104, i.e., near the groove 
forming this channel. Assuming that the substrate is an
essentially planar object, like a parallelepiped, the two 
opposite main surfaces of the substrate can, each, be 
regarded as a basis surface of the substrate, as opposed to 
lateral surfaces thereof, which have smaller surface areas 
that the basis surfaces. 
10053] The microchannel 104 may hence typically be 
formed as a groove on a basis surface of an essentially planar 
support 100, so as for the channel to extend in-plane with 
this substrate 100. This groove can be regarded as having 
two lateral walls and a lower wall in-between. Still, a 
channel may also have a rounded section and thus be 
delimited by a single continuous wall. In all cases, the 
channel 104 is formed as an elongated depression in a planar 
portion of the substrate, which depression forms a groove. 
The latter can be closed by a lid 51, 52, a cover or any 
capping component (typically have a flat lower surface). 
Thus, closed channels can eventually be formed at an
interface between the substrate 100 and a cover (or lid), with 
the cover closing the substrate 100 and thus the groove 
formed thereon. 
10054] In addition, one or more conduits 101, 102 are 
provided in the substrate. The conduits 101, 102 are in-plane 
vias, i.e., ducts that extend in-plane with the planar substrate 
100. That is, the conduits extend parallel to the main surface 
of the substrate 100. The conduits further extend from a 
lateral surface of the substrate 100 up to a lateral wall of the 
microchannel 104 (or a lateral portion of a wall delimiting 
the channel), as for example seen in FIG. lA-iC or 2A. 
10055] The conduits too may be grooved on the same 
(main, basis) surface of the substrate 100 as the channel 104. 
Thus, the grooves meant to form the conduits can be closed 
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by a suitable lid 52 (as assumed in FIG. 2B), a cover or any 
suitable capping component, which is preferably the same 
component as used to close the channel 104 (as in FIG. 2B). 
In variants, conduits are drilled laterally, which is, however, 
more difficult to process. In all cases, the conduits typically 
ensure lateral fluid communication between the microchan-
nd 104 and the environment of the substrate 100. Normally, 
the conduits extend from a given lateral edge surface of the 
substrate up to a lateral (portion of the) wall of the channel 
that is the closest to said given lateral edge surface, as in 
FIGS. 1-4. Yet, the conduits and the channel may be given 
any suitable shape. For example, the channel 104 may 
typically have a bent shape (i.e., bent in-plane, as in FIG. 1). 
10056] Yet, the conduits are not meant to ensure fluid 
communication in practice. On the contrary, the conduits 
101, 102 are configured to allow insertion of respective 
electrodes 201, 202 therein, as depicted in FIG. lA-lB or 
2C-2D. Note that the conduits may be designed to only 
receive an "active' portion of an electrode, i.e., the sensing 
portion (e.g., a protruding pin, tip or needle of the electrode), 
as assumed in FIGS. lA-lB. In variants, the conduits are 
designed to receive both this active portion and a sheath (a 
jacket or any support component of this electrode), for 
example, fitted in a portion of the conduits (e.g., using an 
interference fit mechanism), as assumed in FIG. 2D. 
10057] In all cases, an end 201t, 202t of each of the 
electrodes 201, 202 can reach into the microchannel 104, 
upon insertion, as seen in FIGS. lB and 1C. Since the ends 
of the electrodes are meant to allow electrochemical mea-
surements, via these electrodes, one understands that these 
ends are ends of sensing portions (e.g., electrical conductor 
portions) of these electrodes. 
10058] The above configuration allows external electrodes 
201, 202 to be easily plugged in (and, preferably, unplugged 
from) the microfluidic device 11-14. Pluggable electrodes 
are meant, as opposed to patterned (non-movable) elec-
trodes. Because here the electrodes 201, 202 are inserted 
laterally, in-plane with the substrate 100, the electrodes 201, 
202 extend in-plane with the substrate 100 after insertion. 
Since the substrate is likely laid flat and meant to be operated 
so, one understands that fragile electrodes 201, 202 are less 
likely to break upon and after insertion. In addition, in-plane 
electrodes are less dangerous, especially if the device is a 
wearable patch worn on or close to the skin, because 
electrodes 201, 202 extend parallel to the substrate 100 and 
hence parallel (rather than transverse) to the skin, in use. In 
addition, the present devices are preferably designed so as 
for electrodes to be easily replaced, e.g., in case they break 
or are not functional anymore, as exemplified latter. 
10059] The devices 11-14 can be regarded as microfluidic 
chips. The chips may for example be built on a wafer, such 
as, a silicon, glass or a metal wafer, depending on the 
application. Yet, other relevant substrates can be contem-
plated, such as thermoplastics (e.g., Poly (methyl methacry-
late)), epoxy films, elastomers, epoxy-based printed circuit 
boards, or foils, for example. For biosensing applications as 
contemplated herein, it will typically be more practical to 
rely on polymer chips (plastics). 
10060] Different configurations may be contemplated. For 
example, one or more microchannels may be provided on 
the substrate and at least one conduit is provided for each 
channel (each of said conduits joins a lateral edge surface of 
the substrate to this channel). As another example, only one 
channel is assumed but at least two conduits 101, 102 are 
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provided for the single channel. A number of other variants 
can be contemplated. For example, two channels may be 
provided, which are respectively joined by one and two vias. 
A conduit that is designed to receive an electrode (e.g., a 
reference electrode, a working electrode or an auxiliary 
electrode) may in fact cross two distinct channels or two 
channel portions that join at a junction, so as to average out 
signals measured via this electrode. In addition, multiplex-
ing can be contemplated. For example, the device may have 
one reference electrode and multiple working electrodes 
with different surface coatings (chosen with respect to 
different analytes or electrolytes). 
10061] Preferably though, two conduits 101, 102, at least, 
are provided for one channel 104. Typically, such conduits 
are respectively designed to receive a reference electrode 
101 and a working electrode 102. For example, the reference 
electrode 101 can be an Ag/AgCl reference electrode, 
whereas the active electrode 102 can be a specific metal, 
material, or alloy coated around a wire (e.g., TiN on wire). 
10062] In general, electrodes will have an elongated shape 
and their sensing part will typically have a level of symme-
try, e.g., have cylindrical symmetry. For example, the sens-
ing portion of a working electrode 102 can be in the shape 
of a needle, a hollow cylinder (to increase the sensing, 
surface area), or a rolled mesh or a porous electrode (to 
allow the liquid flow through the electrode). The sensing 
electrode 102 shall, in general, comprise a material that has 
a high conductivity (e.g., metals like Au, Pt, Pd, Ag, con-
ductive inks, graphene or carbon electrodes). The sensing 
electrodes may involve various materials. For example: high 
conductivity (e.g., TiN) materials could be involved for pH 
sensing applications; Au can be used for biomolecule detec-
tion; and thiol chemistry (AgCl/Ag) can be relied on for 
chloride detection. 
10063] Various embodiments are described in the follow-
ing, in reference to the accompanying drawings. As for 
instance seen in FIGS. 1A and 2A, the microchannel 104 
shall preferably extend, at one end, from a sample collection 
aperture 103 (or loading pad). This aperture is formed on a 
main surface of the substrate 100 (typically on the same side 
as the groove 104). The aperture 103 is configured so as to 
collect a sample S transversely to the main surface (on which 
the aperture is provided) and then allow the collected sample 
S to pass into the microchannel 104, as illustrated in FIG. 
lB. 
10064] The aperture 103 may for instance be formed as a 
recess or a large transversal via open on a main surface of 
the substrate 100. This recess and/or via may be open on 
either side or both sides of the substrate 100. In all cases, it 
allows the Sample S to be collected transversely to the 
substrate 100. In other words, the sample S can be trans-
versely aspirated or otherwise passed along an out-of-plane 
direction, before being transported via the channel 104, i.e., 
in-plane with the substrate 100. As one may realize, this 
makes it possible for the device 11-14 to be embodied as an
essentially flat (e.g., planar) device, which can easily be 
placed and worn by a user, which is particularly attractive 
for biosensing applications. In general, the sample S can be 
a liquid or vapor sample. Yet, it is typically a liquid, 
especially in biosensing applications. 
10065] In embodiments as depicted in FIGS. 1-4, the 
microchannel 104 extends (at another end) from an area 105, 
which area too is provided on a main surface of the substrate 
100. Just like the aperture 103, the area 105 may be defined 
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on either side of the substrate. The area 105 comprises a 
medium 106 configured so as to capillary pull a sample S 
from the microchannel 104. Note that the microchannel 104 
is typically hydrophilic. In other words, at least one wall of 
this channel forms a hydrophilic flow path, along which an 
aqueous liquid can thus be pulled. Some of the walls, or 
edges, of the channel 104 may, however, be hydrophobic. 

10066] In variants, one may also consider a microfluidic 
sample collection device, including an actuation mechanism 
to pull or push the collected sample. For example, collected 
sample can be capillary pulled upon the user pressing the 
membrane(s) of a capillary valve. In variants, the sample 
could be pulled by vacuum suction, for example, using air 
aspirated along a closed channel 104, upon releasing pres-
sure on opposite membranes of a deformable valve interca-
lated in the flow path, (e.g., in fluidic communication with 
the channel 104). In other variants, a direct mechanical 
actuation of the liquid can be contemplated, by pressing a 
membrane in contact with the liquid in the channel 104. So, 
instead of a continuous, capillary-pulled sample collection, 
variants involving an actuation mechanism can be contem-
plated, which enable a user-controlled sample collection. In 
still other variants, the microfluidic device may include 
electrodes extending across the channel and configured to 
generate an electroosmotic flow to pump the sample. In this 
case, a portion of the channel 104 may for example be filled 
with the sample by capillary action, while the additional 
electrodes are used to apply a potential difference and 
generate the electroosmotic flow. 

10067] In embodiments, the medium 106 comprises a 
liquid absorbent material and/or capillary structures. In each 
case, liquid comes to wet the microstructures of the absor-
bent material or the capillary structures, which, in turn, 
causes a capillary traction in the channel 104. Thus, the area 
105 and the medium 106 together form a capillary pump. In 
variants, a large area 105 may be provided, at one end of the 
channel 104, so as to enable liquid evaporation and give rise 
to an evaporation-driven flow. If necessary, a heater may be 
provided (e.g., integrated in a peripheral device 21-23 that 
includes the electronics to interpret signals from the elec-
trodes 201, 202), which can be placed in the vicinity of the 
area 105, to accelerate the evaporation. In addition, air vents 
107 are preferably provided, to prevent compression of air 
during the filling of the channel with the liquid and to allow 
evaporation from an opposite surface of the device 11-14. 
The number of air vents and their sizes can be adjusted to 
optimize the evaporation-driven flow depending on the flow 
rate required by the application (i.e., less air vents to 
minimize the evaporation and vice versa). Incidentally, we 
note that the aperture 103 may also include an absorbent 
material, to initiate the liquid absorption. Vapor absorption 
can be contemplated too, as will be discussed below. 

10068] As for instance seen in FIGS. 1-4, the conduits 101, 
102 of the present devices 11-14 extend from respective 
orifices lOb , 102o formed on a lateral surface of the 
substrate 100. These orifices lOb , 102o are preferably 
flared, so as to ease insertion of the electrodes 201, 202, in 
operation. Note that the devices 11-14 may be provided with 
electrodes already inserted therein, or not. When not already 
inserted, the user need to insert the electrodes themselves, in 
respective conduits 101, 102, so as for the electrodes 201, 
202 to reach into the microchannel 104. Again, at least a 
portion of the electrodes is inserted (i.e., the sensing por-
tion). 
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10069] In embodiments, one or more of the electrodes 201, 
202 have, each, an average diameter that is between 0.4 mm 
and 2.0 mm. For example, 0.5 mm leak-free reference 
electrodes 201, 202 are commercially available. Thinner 
electrodes 201, 202 may be designed in laboratories. Of 
course, larger electrodes 201, 202 (e.g., commercially avail-
able) are contemplated. However, due to fabrication con-
straints on the microfluidic device 11-14 and typical wafer 
sizes available or substrate thicknesses suitable for a wear-
able device, it may be best to have electrodes 201, 202 
having diameters that are less than or equal to 2 mm, and 
even less than 1 mm. Such electrode sizes, however, make 
them more fragile, whence the advantage of electrodes being 
easily replaceable in the device. 
10070] The present devices 11-14 are preferably dimen-
sioned as follows. The microchannel 104 has an average 
depth that is between 10 and 2 000 im and an average width 
that is between 25 and 400 tim. The conduits 101, 102 are 
dimensioned according to the electrodes. Their average 
diameters (when laterally perforated) or their average depth 
(when grooved on the substrate) is thus preferably less than 
2 mm (or even 1 mm). The lateral openings lOb , 102o, 
which are preferably flared, may have a slightly larger 
average diameter. The bottom apertures of the conduits, at 
the level of junctions with the channel 104, need be dimen-
sioned consistently with both the electrodes' dimensions and 
the channel depth, so as to allow electrodes' tips to reach 
into the channel. 
10071] In embodiments, the electrodes 201, 202 are 
removably insertable in their respective conduits 101, 102. 
In other words, electrodes can be inserted and removed as 
needed. Thus, electrodes can easily be replaced, e.g., in case 
they break or are not functional anymore. To that aim, the 
electrodes 201, 202 and the conduits 101, 102 (and/or 
orifices lOb , 102o) need be complementarily shaped (or 
somehow configured). 
10072] In addition, a fastening mechanism 121, 122, 210, 
211 may be provided, as part of or within a peripheral device 
and/or the conduits, if needed. The fastening mechanism 
may for instance involve a snap-fit mechanism (e.g., involv-
ing metal snap fasteners, spring clips, or other snap-type 
connectors), a press-fit mechanism, gaskets, etc. For 
example, a snap-fit system 210, 211 may be provided on a 
peripheral device 21, as in FIG. 1C, to first attach electrodes 
to the peripheral device 21 and then introduce them in their 
respective conduits 101, 102 in the device 11. In variants, a 
press-fit mechanism 121, 122 is provided at the entrance of 
the conduits 101, 102 to initially insert electrodes 201, 202 
therein, as depicted in FIGS. 3, 4. i.e., electrodes 201, 202 
are fastened by forcing them into the orifices lOb , 102o of 
the conduits 101, 102 and are not necessarily removable in 
that case. 
10073] In general, the allowance of the conduits 101, 102, 
the orifices lOb , 102o, and/or the snap-fit or press-fit 
mechanism included may be refined to adapt the strength of 
fit, which may range from a loose fit, where electrodes 201, 
202 are easily removable, to a tight interference fit, where 
electrodes are not removable or, at least, not easily remov-
able (substantial force is needed to remove electrodes, which 
may possibly require a specific tool). The strength of fit need 
be refined based on the exact electrode types, their fragility, 
their costs, etc., as well as the application and the scenario 
chosen (i.e., whether components are re-usable or dispos-
able). The lower the diameter of the sensing portions of the 
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electrode (tips or needles), the higher the care needed when 
inserting electrodes 201, 202. Thus, the snap- or press-fit 
mechanisms may be designed in respect of (and so as to 
apply to) a sheath of the electrodes 201, 202 rather than their 
sole sensing portions, as assumed in FIGS. 3, 4. Yet, a 
snap-fit mechanism 210, 211 as shown in FIG. 1 may 
involve different components of the electrodes, e.g., the 
front tip (the sensing portion) and a backside of the elec-
trodes, as assumed in FIG. 1 (see FIG. 1C). Many other 
types of interference fit mechanisms may be contemplated, 
which may be provided inlon the microfluidic device and/or 
inlon a peripheral device. 
10074] In embodiments, one or more of the conduits 101, 
102 and/or the orifices lOb , 102o are configured so as for 
respective electrodes 201, 202 to be slidably inserted therein 
and form a slide link therewith. The electrodes concerned 
are not necessarily removable from the microfluidic device 
in that case, after insertion, although these electrodes are 
allowed to slide in the conduits. Thanks to the slide links, 
sliding electrodes 201, 202 may for instance be brought or 
pulled to their operation positions by the user. Slide links 
typically require additional mechanisms, such as inserted in 
the orifices (or deeper in the conduits). An example of slide 
link mechanism is assumed in FIG. 4, which is discussed 
later in detail. 
10075] In other variants as evoked above, electrodes are 
fixedly maintained after the initial insertion. Such an 
approach is an option for disposable microfluidic devices. To 
that aim, one may use a press-fit mechanism (to initially 
insert electrodes), which result in a tight fit. Preferably, a 
gasket 121, 122 is provided at the entrance of the conduits 
101, 102 (at the level of orifices lOb , 102o) to maintain the 
electrodes once inserted. Although a gasket may already 
provide a sufficiently tight fit, a more complex press-fit 
mechanism may be relied on, for example, which may 
include such a gasket and/or specifically shaped conduits. 
Advantageously, gaskets may further prevent the liquid 
sample to leak and escape from the channel 104, even if 
electrodes 201, 202 are allowed to slide within their respec-
tive conduits. 
10076] If necessary, glue may be used to further fix the 
inserted electrodes in variants where electrodes 201, 202 are 
meant to be permanently (non-removably) inserted in their 
respective conduits. For example, although the conduits and 
electrodes may be configured so as to allow electrodes to be 
removed from and/or to slide in respective conduits, glue 
may be used to further fix the inserted electrodes, such that 
electrodes 201, 202 are permanently held on the device. 
Again, such a scenario can be contemplated for disposable 
microfluidic chips, for instance, whereas removable/replace-
able electrodes would be advantageously used in re-usable 
chips. 
10077] For example, the manufacturer may use the present 
approach and techniques to achieve an easy integration of 
electrodes. Yet, assuming that both the electrodes and the 
microfluidic device can be disposed of, the manufacturer 
may choose to glue the electrodes permanently after their 
initial insertion. After use, the user may dispose of the 
microfluidic device, with the electrodes still inserted therein. 
10078] However, where reusable components are desired, 
the manufacturer may instead want to provide the microflu-
idic device, the electrodes and electronics separately. In that 
case, the user inserts the electrodes before using the micro-
fluidic device, then removes the electrodes after use, and 
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typically cleans the various components, stores them and 
reuses part or all of these components as needed. For 
example, some of the electrodes may be disposed of, if not 
re-usable, whereas the chip can be re-used. In this case, these 
electrodes need be non-permanently fixed to the microfluidic 
device, as assumed in FIGS. 1 and 2. 
10079] Intermediate scenarios can be contemplated, where 
some of the electrodes can be unplugged whereas others are 
fixedly maintained and not replaceable. Again, the precise 
design options depend on the application and scenario 
retained by the manufacturer. 
10080] Another challenge is to prevent liquid to escape the 
device 11-14, as needed in applications. At least, the liquid 
should preferably not leak through the conduits. However, 
liquid may for instance be evaporated once it has reached an
appropriate place 105 therefor. To address this, the conduits 
101, 102 may comprise, each, a hydrophobic inner coating 
141 (see for instance FIGS. 2A and 2B), to prevent liquid to 
escape from the channel 104. In variants, or in addition to 
this hydrophobic coating 141, cylindrical inserts, gaskets, 
and/or any suitable liquid pinning structures may be used, in 
order to retain the collected sample S in the microfluidic 
channel 104. 
10081] The hydrophobic coating 141 could be a layer of 
material patterned or structured inside the conduits 101, 102. 
To that aim, a material layer 141 may be deposited (surface 
treatment) or a physical component (hydrophobic or water-
tight gasket) may be inserted inside the conduits. For 
example, the coating 141 may be deposited from a liquid 
solution or from a gas phase (e.g., a poly(p-xylylene) 
polymer may be deposited by chemical vapor deposition, as 
known per se). 
10082] Note that, in embodiments, the device may be 
provided with sufficiently hydrophilic channel walls for 
sample collection and flow generation. Thus, the collected 
sample may, when moving along the channel 104, try to 
escape from any opening that is wettable. There, the liquid 
may slowly travel over the electrodes and reach into elec-
tronics of a peripheral device 21-23, which could cause 
contamination problems and lead to erroneous results when 
reading signals obtained via the electrodes 201, 202. Thus, 
special care may be given to prevent leaks and one may 
accordingly want to heighten means to prevent such leaks. 
For example, and as assumed in FIGS. 2A and 2B, not only 
the conduits 101, 102 may comprise a hydrophobic inner 
coating 141, but, in addition, the junctions formed by the 
conduits 101, 102 with the channel 104 may comprise a 
liquid pinning angle, as discussed now in reference to FIG. 
2A. 
10083] This liquid pinning structure may notably be 
formed by an opening angle O (e.g., between 90° and 1600).
For example, this angle may simply be of 90° (i.e., formed 
by a straight lower wall delimiting a bottom of the conduit 
and extending perpendicularly to the liquid inlet direction at 
the junction with the channel 104) as assumed in the 
accompanying drawings. In more sophisticated embodi-
ments, this angle may be strictly larger than 90°, thus the 
angle may, for example, be of 135°. In all cases, considering 
a situation where liquid fills the junction with an advancing 
contact angle, the enlargement, i.e., the widening at the 
entrance in the conduit 101, 102 adds an angle component 
that challenges the propagation of the meniscus into the 
cavity. In variants, though, the opening angle may be less 
than 90° (e.g., between 60° and 90°) inasmuch as the inner 
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walls of the conduits are already hydrophobic. Other designs 
of liquid pinning structures can be contemplated. Note that 
liquid pinning structures could be used alone or in addition 
to a hydrophobic treatment. 

10084] In that respect, a hydrophobic treatment can be 
applied to both the conduits and/or the electrodes. In other 
words, a hydrophobic coating can be deposited on the 
electrodes too (excepted on the sensing portion of the 
electrode that should remain in contact with the liquid), to 
further prevent the liquid to advance along the electrode, in 
operation. 

10085] In preferred embodiments as illustrated in the 
accompanying drawings, the microfluidic devices 11-14 
comprise two conduits 101, 102 and two electrodes 201, 202 
respectively inserted in the two conduits 101, 102, such that 
an end 201t, 202t of each of the two electrodes 201, 202 
reaches into the microchannel 104. Now, the two conduits 
101, 102 are preferably configured such that a distance 
between the ends of the two electrodes 201, 202 (the ends 
that reach into the channel 104) be less than 2 mm. This 
upper bound may markedly limit the resistance that arises 
due the solution probed in the channel 104 in practice (for 
aqueous/biological fluids). More preferably though, this 
distance shall be less than 1 mm, to further reduce this 
resistance. 

10086] Such considerations apply, in particular, to the 
spacing between a reference electrode and the sensing 
surface of a working electrode. Note, in that respect, that in 
typical embodiments as illustrated in the accompanying 
drawings the two electrodes 201, 202 include a reference 
electrode 201 and a working electrode 202. For example, the 
reference electrode may be an Ag/AgCl reference electrode 
and the active electrode may be a specific metal, material, or 
alloy coated around a wire (e.g., TiN on wire), as noted 
earlier. 

10087] Now, although two conduits 101, 102 and a single 
channel 104 are assumed in most examples described herein, 
the present microfluidic devices may also be embodied as 
devices involving more than one channel and more than two 
conduits. Namely, such devices may include one or more 
microchannels, each formed as a groove on a main surface 
of the substrate, as well as three or more conduits. Consis-
tently with principles described earlier, each conduit may 
extend parallel to a main surface of the substrate, and from 
a lateral surface of the substrate up to a lateral wall of one 
of the microchannels. Additionally, each conduit is corifig-
ured so as to allow insertion of a respective electrode 
therein. Thus, at least three electrodes are involved here, 
which may for instance include a reference electrode and at 
least two working electrodes. In each case, the sensing end 
of each of the electrodes reaches into one of the microchan-
nels, after insertion. 

10088] Having several working electrodes insertable in the 
microfluidic device can be exploited for multiplexing pur-
poses. For multiplexing applications, the device will typi-
cally include a reference electrode and multiple working 
electrodes, with different surface coatings (specific to dif-
ferent analytes or electrolytes). The collected sample may be 
transferred along a single channel (through which electrodes 
extend in parallel) or along separate channel portions, to 
which one or more electrodes are assigned. 

10089] In other variants, three or more electrodes are 
involved, which comprise a reference electrode, a working 
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electrode and an auxiliary (counter) electrode, hence form-
ing a three electrode system, for voltammetry experiments. 

10090] Next, referring to FIG. 4, the present devices may 
further comprise one or more indents 132, to seal electrode 
tips. For example, FIG. 4 depicts a microfluidic device 13, 
which has a channel 104 that includes an indent 132. The 
latter is arranged opposite to the conduit meant to receive the 
reference electrode in this example. Thus, a reference elec-
trode can be inserted in this conduit, such that an end of this 
electrode reaches into the opposite indent 132 through the 
channel 104. Providing such an indent is advantageous 
where fragile electrode tips need be protected, when not in 
use. In addition, the reference electrode may be pushed so as 
for its tip to reach the bottom face of the indent 132 
(assuming this electrode can slide in its conduit), in order to 
seal the diaphragm (e.g., a glass frit) at the apex of the 
electrode and prevent evaporation of an electrolyte in the 
electrode tip. Note, however, that leak-free reference elec-
trodes exist, whose electrolyte is sealed inside the electrode 
tip. 

10091] When the device is not in use, the reference elec-
trode can stay in the device, with its sensitive tip pushed into 
the indent 132. A user willing to use the device just needs to 
slightly pull the encased electrode to allow the collected 
sample to flow through this electrode. Such embodiments 
typically involve slide links as discussed earlier. 

10092] The present microfluidic devices can be provided 
as part of a set of components, including a microfluidic 
device and electrodes, with the latter already inserted in the 
device, or not. Now, and according to another aspect, the 
invention can be embodied as a set 1-4 of components that 
further include an electronic (peripheral) device 21-23, in 
addition to a microfluidic device 11-14 such as described 
above and electrodes 201, 202. Examples of such sets 1-4 
are depicted in FIGS. 1-5. In each of these examples, the 
electronic devices 21-23 comprise a housing, in which 
electronics 24 is encapsulated. The housing and electronics 
24 are designed in such a manner that the electronics can be 
set in electric communication with the electrodes. Further-
more, the electronics 24 are configured to read signals 
obtained from the electrodes 201, 202, in operation. 

10093] For the sake of depiction and conciseness, a simple 
circuit 24 is assumed in FIG. 1A, which in this case 
corresponds to a classic two-electrode setup. Of course, the 
embedded electronics may be more sophisticated. For 
example, the working electrode may be electrically con-
nected to the base of a bipolar junction transistor housed in 
the electronic device 21-23. In addition, the electronics may 
possibly support wireless communication (e.g., Bluetooth® 
(Bluetooth and all Bluetooth-based trademarks and logos are 
trademarks or registered trademarks of Bluetooth SIG, Inc. 
and/or its affiliates)) and include sensors for temperature and 
humidity sensing. The electronics may further be electrically 
connectable to electrodes in the devices 11-14 and drive the 
electrodes to enable active manipulation of the liquid (dcc-
troosmotic flow, evaporation-driven flow using a micro-
heater), as well as for reading signals therefrom. Tempera-
ture and humidity sensors may be configured such as to 
allow the temperature and humidity to be sensed for each of 
the surface (e.g., human skin) on which the experiment is 
performed and the environment. Sensing environmental 
parameters may be needed for calibration purposes and/or 
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for suitably controlling the evaporation-driven flow). In 
addition, a pressure sensor may be included, e.g., for cali-
bration purposes. 
10094] The housing of the electronic devices 21-23 is 
preferably watertight. This way, liquid sample, such as 
sweat, is less likely to leak into the inner electronics 24 and 
the device can more easily be washed and cleaned after use. 
Incidentally, the device 2 1-23 may form part of a washable 
cloth, a headband, a belt, etc. 
10095] In embodiments such as depicted in FIGS. 1, 2, 5 
and 6, the electrodes 201, 202 are or can be mounted on the 
housing of the electronic device 21, 22. For example, the 
electrodes may protrude from a lateral surface of the hous-
ing, as in FIG. 2, which allows a simple design and insertion 
of electrodes. However, electrodes are more likely to break 
in this configuration, owing to the moment of force exerted 
by the device 12 on the electrodes' bases. Therefore, in more 
sophisticated embodiments, such as depicted in FIGS. 1, 5 
and 6, the electrodes extend parallel to the housing. 
10096] To that aim, the housing of the electronic device 
21-23 may for example comprise a snap-fit mechanism 210, 
211 to receive the electrodes, as evoked earlier and now 
described in detail. Thanks to this mechanism, the electrodes 
201, 202 may for instance be removably received (inserted) 
in and between lugs 210, 211, that protrude transversely 
from the lower basis surface of the peripheral device 21. The 
lugs 210, 211 may notably comprise depressions, slots or 
holes to that aim. In particular, the front lug 211 may include 
holes or slots to allow insertion of electrode pins there-
through, whereby the sensing portion of the electrodes 
protrudes from the lug 211, such that it can still be inserted 
in a respective conduit of the device 11 and reach into the 
channel 104. Other types of supports (magnetic snaps, 
mechanical clips, etc.) may be contemplated, to removably 
(or permanently) receive the electrodes, as said. Once 
received in the mechanism 210, 211, electrodes 201, 202 
extend parallel to the lower basis surface of the housing of 
the device 21. The electrodes can then be inserted in the 
conduits 101, 102 of the microfluidic device 11, by suitably 
pushing the housing of the peripheral device 21, above and 
parallel to the device 11. In the example of FIG. 1, the 
peripheral device 21 comes to cap the device 11, thanks to 
the complementary shapes of the two components 11, 21. 
Assuming further the housing of the peripheral device 21 
has a form factor (as in FIG. 1, 5 or 6), the assembled 
components make up a shallow assembly, having improved 
ergonomics compared with designs where electrodes pro-
trude from a lateral surface of the housing (as in FIG. 2). All 
the more, electrodes are less prone to breakage with the 
configuration of FIG. 1. 
10097] In still other embodiments, electrodes are con-
nected to the peripheral device interchangeably via a socket 
or screw mechanism so that damaged or improperly used 
electrodes can be replaced easily without replacing the 
whole peripheral device. Still, electrodes may be perma-
nently connected to the electronic device (e.g., using a solder 
or conductive glue). 
10098] In embodiments such as illustrated in FIGS. 1C, 
2B, S and 6, the sets 1, 2 further comprise a porous support 
31, 32. The latter is dimensioned according to the micro-
fluidic device 11, 12, so as for the substrate 100 of the device 
11, 12 to fit on this porous support 31, 32, in operation. In 
other words, the porous support is typically as wide as or 
wider than a lateral side of the substrate 100, for the 
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substrate to fit thereon. As mentioned earlier, the microchan-
nd 104 extends from a sample collection aperture 103 
(formed on a main surface of the substrate 100). 
10099] In the context of FIGS. 1, 2, 5 and 6, the micro-
fluidic chip 11, 12 is meant to be applied to the porous 
support (e.g., sweat porous adhesive) 31, 32, which is itself 
applied onto the skin of user, who is subject to perspiration. 
In this context, the aperture 103 allows a liquid sample S 
(sweat) to be collected from the skin, via the porous support 
31, 32 and passed into the channel 104. In the more specific 
context of FIGS. 1, 5 and 6, the electronic device 21, 22 is 
further meant to cap the microfluidic chip 11, instead of 
being applied, parallel thereto, onto the porous support 32, 
as in the context of FIG. 2 (see, e.g., FIGS. 2B and 2D). The 
operation principle is otherwise similar. As further seen in 
FIG. 6, the electrodes can be unplugged from the device 11 
after use, by retracting the peripheral device 21 from the 
microfluidic device 11. 
10100] In specific embodiments, the porous support may 
be a vapor permeable adhesive patch, including a porous 
backing. The patch may possibly include a formulation on 
one side of or in the backing. If only vapor is absorbed, then 
a liquid medium need be provided in an absorbent and/or in 
the channel 104 of the microfluidic device to allow liquid 
circulation. 
10101] Yet, in other embodiments, the porous supports 31, 
32 shall typically be meant and designed to absorb liquid 
(e.g., sweat), so as for this liquid to be transversely intro-
duced in the substrate 100 (via the aperture 103) and then 
capillary pulled in the microchannel 104, for subsequent 
analysis, thanks to electrodes 201, 202. 
10102] In general, the porous supports 31, 32 may be 
implemented as or in a patch (e.g., provided with an adhe-
sive so that it can be attached to the skin), a diaper and a 
mouthguard (e.g., a gumguard). Applications may notably 
be found for sweat analysis (e.g., via patches), urine collec-
tionlanalysis (e.g., via diapers), or saliva collection/analysis 
(e.g., via mouthguards). Such analyses may, in particular, be 
advantageous for analyzing performances of athletes. 
10103] While examples discussed herein mostly address 
wearables and sweat collectionlanalysis systems, we note 
that the present approach may also be used in in-vitro 
diagnostics platforms. For example, a user could pipette the 
sample (e.g., blood, human serum, urine, saliva, tap water, 
other water resources) to the sample collection aperture 
(loading pad) 103 and then take steps to analyze the col-
lected sample for specific analytes, via electrodes of the 
microfluidic device. In addition, the peripheral electronic 
devices 21-23 may be part of a consumer good (such as a 
clothing hat, band, diaper or wearable watch, etc.), to which 
the microfluidic part can be attached. This consumer good 
may further be designed to remain in contact with the skin 
(e.g., it may comprise adhesives, rubbers or otherwise be 
stretchable). 
10104] For completeness, a set 1, 2 according to embodi-
ments may further comprise a storage cap 41, 42 for storing 
the electronic device 21, 22, when not in use (see FIGS. 1D 
and 2E). The storage cap 41, 42 comprises cavities 301 
designed to receive electrodes 201, 202 (mounted on the 
device 21, 22) while the device 21, 22 is stored on the 
storage cap 41, 42. The cavities 301 may for instance be 
designed jointly with the electrodes 201, 202, such that the 
latter do not contact any surface of the cavities 301, when 
stored on the storage cap 41, 42. In variants, the cavity 301 
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receiving the reference electrode may be designed so as to 
seal the apex of this electrode, for reasons mentioned earlier. 
A storage solution 310 may for instance be poured in the 
cavities 301 (e.g., deionized water), to preserve electrodes 
201, 202, if needed. In addition, the cavities 301 may 
possibly be designed (e.g., include liquid pinning features) 
to prevent or delay evaporation of this storage solution 310 
from the cavities 301. 
10105] At present, referring to FIGS. lA-iC, 2C-2D and 6, 
a final aspect of the invention is now briefly described, 
which concerns methods of operating a microfluidic device 
11-14 such as described herein. Aspects of these methods 
have already been implicitly described in reference to the 
present devices 11-14 and sets 1-4 of components; they are 
only briefly summarized in the following. 
10106] As already explained, the present methods revolve 
around inserting one or more electrodes 201, 202 in one or 
more (respective) conduits 101, 102 of the substrate 100 of 
a microfluidic device 11-14. This is done so as for the end 
201t, 202t (i.e., the tip or pin end) of each of the electrodes 
201, 202 to reach into the microchannel 104 of the device 
11-14. 
10107] This way, signals can subsequently be read via the 
electrodes 201, 202. The signals convey information about 
a sample S collected in the channel 104 of the device 11-14. 
This, in turn, allows the sample S to be analyzed, e.g., most 
practically via an electronic device 21-23 paired to the 
device 11-14, as described earlier in reference to FIGS. 1-4. 
To that aim, a liquid comprising the collected sample S may 
be capillary pulled in the microchannel 104, which makes it 
particularly simple and cost-effective as little additional 
structures are needed to capillary pull the liquid. 
10108] In applications to, e.g., wearables and body fluid 
analyses, the device 11-14 is maintained (with the electrodes 
201, 202 inserted therein) on a surface (e.g., the skin) that 
produces the liquid collected for analysis, while capillary 
pulling the liquid. As noted earlier, this may involve a 
porous support 31, 32 sandwiched between the liquid-
producing surface and the microfluidic device 11. 
10109] The above embodiments have been succinctly 
described in reference to the accompanying drawings and 
may accommodate a number of variants. Several combina-
tions of the above features may be contemplated. Examples 
are given in the next section. 

2. Specific Embodiments--Technical 
Implementation Details 

2.1 Examples of Configurations 

10110] 2.1.1 Wearable Microfluidic Patch with Lugs for 
Parallel Electrode Insertion, FIGS. lA-iD 
10111] FIGS. lA-iD depict an electronic peripheral device 
21 having embedded electronics 24, and which can be 
mounted on a microfluidic patch 11. Electrodes 201, 202 are 
(removably) received in a snap-fit mechanism, which con-
tains lugs 210, 211 structured with openings to place and fix 
electrodes 201, 202. Once placed in the structured lugs, the 
electrodes extend parallel to a lower basis surface of the 
housing. If necessary, electrodes can be unplugged and 
easily be replaced, as explained earlier in sect. 1. The patch 
11 has conduits 101, 102 coated with a hydrophobic coating, 
to prevent liquid S to escape the channel 104 and leak 
through the conduits 101, 102, in operation. In addition, 
liquid pinning features may be provided at the junctions 
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formed between the conduits 101, 102 and the channel 104. 
For completeness, the electrodes 201, 202 too may be coated 
with a hydrophobic material. The conduits 101, 102 have 
flared openings lOb , 102o to ease electrode insertion. An 
absorbent material 106 is placed in an area 105 linked to the 
aperture 103 (from where the sample is collected in opera-
tion) via channel 104, to act as a capillary pump. The 
aperture 103 is structured, as shown in FIG. 1C to maximize 
the efficiency of sample collection. Air vents 107 are placed 
at the end of the flow path, opposite to area 105. Such air 
vents may for instance have openings orthogonal to the 
average plane of the microfluidic device, as in FIG. 1C, or 
in-plane with the microfluidic channel 104. The sample S is 
collected from the aperture 103 via a porous material 31, the 
latter applied on a given surface (e.g., a human skin, to 
collect sweat). Signals read via the electrodes 201, 202 can 
then be analyzed, thanks to electronics 24 embedded in the 
housing of the device 21. The peripheral device 21 is stored 
on a storage cap 41 when not in use. 
2.1.2 Peripheral Device with Lateral Electrodes, Alternate 
Design of Microfluidic Device, FIGS. 2A-2E 
10112] FIGS. 2A-2E depict a similar set of components as 
FIGS. lA-iD and shows additional details of a chip 12, 
according to embodiments. The electronic peripheral device 
22 is similar to the device 21, except that electrodes 201, 202 
are now laterally protruding from the device 22. The micro-
fluidic device 12 is similar to the device 11 except the 
aperture 103 and the capillary pump 106 are located on 
opposite sides of the chip, and can therefore be connected 
via a straight microfluidic channel. As seen in FIGS. 2A-2B, 
a lateral and/or a vertical constriction may be defined 
between aperture 103 and the channel 104 to create a 
capillary retention valve. In case the sample flow is not 
continuous (e.g., discontinuous sweat generation), this pas-
sive valve, which enables a higher capillary pressure than 
the capillary pump, guarantees that the liquid front at the 
inlet side always stays at the aperture 103 so that newly 
generated sweat merges with sweat already in the channel 
without creating an air bubble. 
10113] Electrodes 201, 202 may possibly be (removably) 
received in a snap-fit mechanism provided on the peripheral 
device (not shown). However, positioned on the peripheral 
device 22, the electrodes now extend perpendicular to a 
lateral surface of the housing. Electrodes may possibly be 
replaced. Electrodes are again inserted laterally in conduits 
101, 102 of the device 12, by pushing the peripheral device 
22 against the microfluidic device 12. Again, the peripheral 
device 22 is stored on a storage cap 42 when not in use. 

2.1.3 Electrodes Located on the Disposable Microfluidic 
Patch, FIGS. 3, 4 

10114] FIGS. 3 and 4 illustrate other designs of component 
sets 3, 4 in which electrodes are now located on the 
disposable microfluidic device 13, 14. Interference fit 
mechanisms 121, 122 are used to insert electrodes 201, 202, 
which are fixedly mounted in their respective conduits 101, 
102. An exception concerns the reference electrode of FIG. 
4, which is slidably received in its respective conduit. This 
way, the tip of the reference electrode can be pushed in or 
retracted from the opposite indent 132, as explained in the 
previous section. 
10115] Note that in all cases (FIGS. 1-4), the electrodes 
can be brought in electrical communication with electronics 
24 embedded in the peripheral devices 21-23, so as to be 
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able to analyze signals received via these electrodes and 
perform electrochemical measurements. 

2.2 Specific Embodiments 

10116] As an example of a specific embodiment, a refer-
ence electrode 201 is used together with a working electrode 
202, wherein the working electrode is electrically connected 
to the base of bipolar junction transistor (BJT). The sensing 
portion of the working electrode 202 is for instance shaped 
as a needle, a hollow cylinder (to increase the sensing 
surface area), or a rolled mesh. The spacing between the 
reference electrode and the sensing portion of the working 
electrode is less than 1 mm, in order to substantially reduce 
resistance that arises due to the tested solution. During the 
sensing operations, the working electrode is connected to the 
base of the BJT, the reference electrode is held at 0 V the 
collector is held at a 0 V and a fixed negative voltage is 
applied at the emitter, resulting in a positive base-emitter 
voltage (VBE>O), assuming an NPN BJT. The sensing signal 
is the collector current (called 's). For a fixed VBE potential, 

Ic sensing current changes depending on the pH (e.g., TiN 
electrodes) or the concentration of an analyte (e.g., func-
tionalized Au electrodes). 
10117] The type of storage solution chosen depends on the 
electrode materials. Yet, the sensing electrode surface does 
not always need be stored in solution. For example, an 
AgCl/Ag reference electrode need typically be stored in 
deionized water to reduce the setting time. The active 
electrode (e.g., comprising TiN) may be either stored in dry 
or in a solution. Still, functionalized sensing electrodes may 
be involved, for example, for detection of DNA or some 
proteins (e.g., streptavidin). Such functionalized electrodes 
need typically be stored in dry as storage in solution typi-
cally causes desorption of the functionalized layer over time, 
thus reducing the shelf lifetime. 
10118] In variants, the sensing electrode can be electrically 
connected to the gate electrode of a field effect transistor 
device (FET), in which case the applied voltages differ 
during the sensing operations. Namely, the reference elec-
trode is now held a positive voltage (which should normally 
be lower than the threshold voltage of the device (assuming 
an nFET device). The source and substrate voltages are held 
at zero and the drain voltage is held at fixed, small positive 
voltages (typically less than 0.1V). The sensing signal is the 
drain current (Id). The analyte concentration can be inferred 
from changes in the measured values of the drain current. 
10119] While the present invention has been described 
with reference to a limited number of embodiments, variants 
and the accompanying drawings, it will be understood by 
those skilled in the art that various changes may be made and 
equivalents may be substituted without departing from the 
scope of the present invention. In particular, a feature 
(device-like or method-like) recited in a given embodiment, 
variant or shown in a drawing may be combined with or 
replace another feature in another embodiment, variant or 
drawing, without departing from the scope of the present 
invention. Various combinations of the features described in 
respect of any of the above embodiments or variants may 
accordingly be contemplated, that remain within the scope 
of the appended claims. In addition, many minor modifica-
tions may be made to adapt a particular situation or material 
to the teachings of the present invention without departing 
from its scope. Therefore, it is intended that the present 
invention not be limited to the particular embodiments 
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disclosed, but that the present invention will include all 
embodiments falling within the scope of the appended 
claims. In addition, many other variants than explicitly 
touched above can be contemplated. 

What is claimed is: 
1. A microfluidic device, comprising: 
a substrate with a microchannel formed as a groove on a 

main surface of the substrate; and 
one or more conduits extending parallel to said main 

surface, from a lateral surface of the substrate up to a 
lateral wall of the microchannel, the one or more 
conduits configured so as to allow insertion of one or 
more electrodes therein, respectively, and such that an
end of each of the one or more electrodes can reach into 
the microchannel. 

2. The microfluidic device according to claim 1, wherein 
the microchannel extends, at one end, from a sample 

collection aperture formed on a main surface of the 
substrate, the aperture configured so as to collect a 
sample transversely to the main surface and allow 
collected sample to pass into the microchannel. 

3. The microfluidic device according to claim 2, wherein 
the microchannel extends, at another end, from an area on 

a main surface of the substrate, wherein the area 
comprises a medium confgured so as to capillary pull 
sample from the microchannel. 

4. The microfluidic device according to claim 3, wherein 
said medium comprises a liquid absorbent material and/or 

capillary structures, so as for the area and the medium 
to form a capillary pump. 

5. The microfluidic device according to claim 1, wherein 
said one or more conduits extend from one or more orifices, 
respectively, the orifices formed on said lateral surface of the 
substrate; and wherein the one or more orifices are flared, so 
as to ease insertion of said one or more electrodes, in 
operation. 

6. The microfluidic device according to claim 1, wherein 
the device comprises said one or more electrodes inserted 

in said one or more conduits, respectively, such that an
end of each of the one or more electrodes reaches into 
the microchannel. 

7. The microfluidic device according to claim 6, wherein 
at least one of said one or more electrodes has an average 

diameter that is between 0.4 mm and 2.0 mm. 
8. The microfluidic device according to claim 6, wherein, 

on the one hand, said one or more electrodes and, on the 
other hand, said one or more conduits and/or said one or 
more orifices are configured so as for said one or more 
electrodes to be removably inserted in said one or more 
conduits. 

9. The microfluidic device according to claim 6, wherein 
said one or more conduits and/or said one or more orifices 

are configured so as for said one or more electrodes to 
be slidably inserted in said one or more conduits. 

10. The microfluidic device according to claim 1, wherein 
at least one of said one or more conduits comprises a 

hydrophobic inner coating and/or a liquid pinning 
structure. 

11. The microfluidic device according to claim 1, wherein 
the device comprises two conduits and two electrodes 

respectively inserted in the two conduits, such that an
end of each of the two electrodes reaches into the 
microchannel. 
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12. The microfluidic device according to claim 11, 
wherein 

the two conduits are configured such that a distance 
between the ends of the two electrodes that reach into 
the microchannel is less than 2 mm. 

13. The microfluidic device according to claim 11, 
wherein 

the two electrodes include a reference electrode and a 
working electrode. 

14. The microfluidic device according to claim 1, further 
comprising: 

one or more microchannels, each formed as a groove on 
a main surface of the substrate; and 

at least three conduits extending parallel to said main 
surface, from a lateral surface of the substrate up to a 
lateral wall of one of the one or more microchannels, 
the at least three conduits configured so as to allow 
insertion of at least three electrodes therein, respec-
tively, these electrodes including a reference electrode 
and at least two working electrodes, and such that an 
end of each of the at least three electrodes can reach 
into one of the one or more microchannels. 

15. The microfluidic device according to claim 1, further 
comprising: 

an indent, arranged opposite to one of the one or more 
conduits, respectively, with respect to the microchan-
nd, so as to allow insertion of an electrode into said one 
of the one or more conduits, such that an end of this 
electrode can reach into the indent through the micro-
channel. 

16. A microfluidic device, comprising: 
a substrate with a microchannel formed as a groove on a 

main surface of the substrate; 
one or more conduits extending parallel to said main 

surface, from a lateral surface of the substrate up to a 
lateral wall of the microchannel, the one or more 
conduits confgured so as to allow insertion of one or 
more electrodes therein, respectively, and such that an 
end of each of the one or more electrodes can reach into 
the microchannel; 

said one or more electrodes; and 
an electronic device comprising: 

a housing; and 
electronics encapsulated in the housing, such that the 

electronics can be set in electric communication with 
said one or more electrodes, the electronics being 
otherwise configured to read signals obtained from 
the one or more electrodes, in operation. 

17. The microfluidic device according to claim 16, 
wherein 

said housing is watertight. 
18. The microfluidic device according to claim 16, 

wherein 
the one or more electrodes are mounted on the housing 

and are, each, protruding from a lateral surface of the 
housing. 

19. The microfluidic device according to claim 16, 
wherein 
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the housing of the electronic device comprises a snap-fit 
mechanism confgured to receive said one or more 
electrodes, so as for these electrodes to extend parallel 
to a basis surface of the housing, when received in the 
snap-fit mechanism. 

20. The microfluidic device according to claim 16, further 
comprising: 

a porous support, the substrate of the microfluidic device 
adapted to fit on this porous support, and wherein the 
microchannel of the microfluidic device extends, at one 
end, from a sample collection aperture formed on a 
main surface of the substrate, the aperture configured 
so as to collect a sample from the porous support and 
allow collected sample to pass into the microchannel, 
in operation. 

21. The microfluidic device according to claim 16, further 
comprising: 

a storage cap for storing said electronic device, the storage 
cap comprising one or more cavities designed to 
receive the one or more electrodes of the electronic 
device while the latter is stored on the storage cap, in 
operation. 

22. A method of operating a microfluidic device, the 
method comprising: 

providing a microfluidic device comprising: 

a substrate with a microchannel formed as a groove on 
a main surface of the substrate; and 

one or more conduits extending parallel to said main 
surface, from a lateral surface of the substrate up to 
a lateral wall of the microchannel, the one or more 
conduits confgured so as to allow insertion of one or 
more electrodes therein, respectively, and such that 
an end of each of the one or more electrodes can 
reach into the microchannel; and 

inserting the one or more electrodes in the one or more 
conduits, respectively, such that an end of each of the 
one or more electrodes reaches into the microchannel. 

23. The method according to claim 22, further compris 
ing: 

capillary pulling a liquid comprising a sample in the 
microchannel; and 

obtaining a signal via the one or more electrodes to 
analyze the sample. 

24. The method according to claim 23, further compris-
ing: 

while capillary pulling the liquid, maintaining the micro-
fluidic device, with the electrodes inserted therein, on a 
surface that produces said liquid. 

25. The method according to claim 24, wherein 

the microfluidic device is maintained on said surface with 
a porous support sandwiched between said surface and 
the microfluidic device. 

* * * * * 
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