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(57) Abstract: Microfluidic cuvettes and a network of multiplexed channels including such cuvettes. The channels operationally
share a main output channel detining an output of the network. A microfluidic channel includes an inlet, a cuvette, and an outlet that
is coupled into the main output channel. The network is configured to provide a difference in resistances, to the fluid, by the main
output channel and by an individual outlet is sufficient to prevent cross-contamination of different cuvettes, thereby operably isolat -
ing individual channels from one another. An individual cuvette is adapted to substantially prevent the formation of air-bubbles as
part of the fluid flow through the cuvette and, therefore, to be fully filled and fully emptied. A system and method for photometric
measurements of multiple fluid samples employing such network of channels.



WO 2014/078785 PCT/US2013/070555

SYSTEM AND METHOD FOR INTEGRATED MULTIPLEXED PHOTOMETRY
MODULE

CROSS REFERENCH
G861} This application is based on, claims priority 10, and incorporates herein by
reference i is entivety, U.S. Provisional Application Serial No. 61/727,817, filed November 19,

2013, and entitled “INTEGRATED MULTIPLEXED PHOTOMETRY MODULE.”

TECHNICAL FIELD
6662} The present invention relates generally to systems and methods for conducting
chemical, biochemical, and/or biological assays on a sample and, more particularly, to

multiplexed optical spectroscopy performed on samples in wucrofluidic chambers.

BACKGROUND

16063} Microfluidic devices and systenss comprising such devices employ small
capillaries or microchannels or cuvettes associated or even integrated with a solid substrate to
perform a variety of operations in analytical chemical and biochemical applications on a very
small scale. The small size of these systems allows for increased reaction rates that use less
reagent volume and that take up far less laboratory or industrial space. Microfhuidic systems
thus offer the potential for attractive efficiency gains, and consequently, substantial economic
advantages.

16064} A variety of spectroscopic technigues can be employed 1n conjunction with
microfluidic devices, mchuding those utilizing infrared (IR) radiation, visible light, and/or
pltraviolet (UV) radiation, and hight-scattering spectroscopy, for example. In research or
mndustrial settings, microfluidic devices are typically employed in biochemical or cell-based
assays that use spectroscopic detection systems to quantify labeled or unlabeled molecules of
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mterest. Microfluidic devices generally employ networks of integrated microscale channels and
reservoirs with the use of which fluid samples materials are transported, mixed, separated and
detected, and various optical systems that are embedded or externally arranged for recognition,
detection, quantification, as well as other manipulations of the fluidic samples.

LB There exists a need in expansion of assay menu capacity of a microftuidic
photometric system that would manifest in reduction of vohume of a liquid sample required for
the measuarement and improving the accuracy and precision of the photorsetric measurement.
Point of care integrated blood analysis instruments and environmental monitoring instruments

are but two examples of devices that would benefit from such expansion.

SUMMARY OF THE INVENTION

(3086} Embodiments of the present mnvention provide a chip containing a microfhuidic
delivery channel having an inlet portion and an outlet portion and a cuvette portion therebetween
in thaid communication with the inlet and outlet portions, said microtiuidic delivery channel
dimensioned to prevent formation of an air-bubble therein when a fhuid is flowing along the
channel. Accordingly, the microfhudic channel of the invention is operable to be substantially
completely filled and substantially completely emptied. The cuvette portion includes a wall and
a bottom, the wall being generally transverse to the bottom.  The cuvette portion of the network
may define a substantially circular projection onto a surface of the chip. The chip may
additionally include a transition channeling portion fluidly connecting at feast one of an inlet
portion and a corresponding cuvette portion and an outlet portion and a corresponding cuvette
portion. Such transition portion has a length and characterized by a cross-sectional area that is
bigger than a cross-sectional area of a respectively corresponding a least one of inlet and outlet

portions. In one implementation, the microfluidic delivery channel 1s dimensioned such as to



WO 2014/078785 PCT/US2013/070555

prevent formation of an air-bubble therein when a fiuid is flowing along said microthuidic
channel.

[0a47] Embodiments further provide a microfluidic component or chip carrying a
network of microfhiidic delivery channels, each channel having an inlet portion, an outlet
portion, and a cuvette portion between the inlet and outlet portions in fluid communication
therewith. The microfluidic component further carries a main outlet channel having an end, the
main outlet channel configured in thud communication with each outlet portion such as to
provide a flow of the sample in a first direction from an inlet portion through a corresponding
microthidic delivery chanuel to the end of the main outlet channel and prevent a flow of the
sample in a second direction from the wain outlet channel into the corresponding microfhndic
delivery channel. In one embodiment, the network of microthudic channels is structured such
that cach first raicrofhuidic delivery channel disposed on one side of the roain outlet channel has
a corresponding second mucrofluidic delivery channel disposed on the other side of the main
outlet channel and, in a specific implementation, the network may be structure syrametrically
with respect to the main outlet channel. 1o a related implementation of the network, a first outlet
portion and 2 second outlet portion are connected to the main output channel at first and second
points along the roain output channel, and, n addition, any of the first and second outlet portions
is configured to define a fivst level of resistance to 2 fluid fowing therethrough towards the main
outlet channel, and a segment of the main outlet channel defined between the first and second
points is configured to define a second level of resistance to the fluid flowing therethrough
towards the end, such that the first level of resistance being at least 200 higher than the second
level of resistance.

16068} Erabodiments further provide a system for photometric measurements inchuding

the above-described network of microfluidic channels and further including an array of
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photodetectors and array of light sources positioned to sandwich the chip carrying the network
between these two arrays with cach cuvette portion oriented to transmit light from a
corresponding light source to a corresponding photodetector.

13669} Embodiments additionally provide a method for performing a photometric
measurement. Such method inchudes (1) transmitting fight from a first ight source o a first
photodetector through a corresponding first cuvette containing a first fhuid sample delivered to
the first cuvetie from a corresponding fivst inlet channel; and (1) transmitting hght from a second
Hight source to a second photodetector through a corresponding second cuvetie containing a
second fhuid sample delivered to the second cuvette from a corresponding second inlet channel;
wherein the first and second cuvettes are dimensioned to substantially prevent a formation of air-
pockets therein while first and second flnid samples flow therethrough. The method further
includes acquiring data representing the first and second fluids and removing the first and
second thaids from the corresponding first and second cuvettes through respectively
corresponding first and second outlet channels o a main output channel. Additionally orin the
alicrnative, the method is made operable wheun each of the first and second cuvettes juchudes a
corresponding wall and a corresponding bottom, the wall being mchined with respect 1o the
hottorn at an obtuse angle. The step of removiong the fluids from the cuvettes may ontail
removing a fluid from a cuvette through a corresponding outlet channel to & main output
channel dimensioned to provide a first resistance, to the fluid flowing therethrough, that is at
least 200 times larger than a second resistance provided to the fhud flowing through the outlet

channel.
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BRIEF DESCRIPTION OF THE DRAWINGS

16618} The invention will be more fully understood by referring to the following
Detatled Diescription in conjunction with the Drawings.

10611} Figs. 1A and 1B are perspective and plan view illustrations of a simplified
photometric microffuidic system employing a single cuvette,

16612} Fig. 2 18 an exploded perspective view of an embodiment of the integrated
photometric module of the invention.

j30G13] Figs. 3A and 3B are views of an embodiment the configuration of which
facilitates formation of air-bubbles inside a3 microfluidic cuvette.

16614} Figs. 4A and 4B are views of an embodiment which s configured to minimize
air-bublle formation.

6615] Fig. 5 s a dragram illustrating schematically an embodiment of a multiplexed
fluidic network containing muldtiple cuvettes (each cuvette having corresponding inlets, high-
resistance outlets) and a low-resistance main outlet channel.

16016} Figs. 6A and 6B are diagraros illustrating the fhudic model representing the
microfluidic network embodiment of Fig. S.

18017} Fig. 7 is a plot representing dependencies of the TPM vohume and the required

volume Vs of the undiluted sample on cuvette thickness, for several values of ditution ratio D.

DETAILED DESCRIPTION

(618} In accordance with an idea s of the present invention, a microfluidic cuvette
component is disclosed that is structured such as to be substantially completely filled and
emptied, in operation, without leaving an unused vohume of the cavette. Implementations of

such cuvettes are many, including, for example, sample metering and /or conditioning. In this
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case, the cuvettes (also referred to as chambers) are used to isolate a repeatable well defined
volame of sample for further downstream processing by, for example, appropriately
imcorporating fluidic valves up-stream and down-stream with respect to the chambers to
isolate the sample prior to processing. In another application, referred to herein as “volume
sensing”, an individual cuvette or chamber that is adapted to be filled and emptied
substantially completely is used to determine when a particular vohume of fluid has been
mtroduced mnto the system. Such volumes sensor could be placed at the outlet of the cuvette
or chamber such that when the chamber s filled, the sensor 18 triggered generating an
indicator that the target vohurne has been reached.

6819} While the proposed cuvette element i3 operable and usable on its own, a fluidic
network containing such fully fillable-and-emptied cuvettes is also implemented. The network
is adapted 1o operationally isolate the individual cuvettes contained v different branches of the
netwaork, s also roplemented for use different applications including, for example, drug
screening, facilitation of multi-reagent chemical reactions, and photometric measurements. In
the case of drug screening for exarnple, the proposed fluidic network 15 adapied to differentiate
among individual coll cultures in a roultiplexed cell culture sample. An example of the fluidic
network employs an array of cell culture chambers that can be individually stimulated with
different chemicals but share a cormamon ountlet. So designed network is configured to prevent
cross-talk between the chambers keeping cach one in isolation. in another implementation,
the proposed tluidic network facilitates multi-reagent chemical reaction processes by
isolating different components of a chemical reaction from one another. When different
branches of the fluidic network are flushed, the reaction would be initiated only in the
common waste stream. [n this manner, the order in which reagents are added to the reaction

solution are controlied, thereby facilitating the control over the reaction products.
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[0028] An example of g microfluidic photometric apparatus is also disclosed that takes
advantage, in operation, of an individual cuvette and/or of the proposed fluidic network. An
implementation of the photometric apparatus has a nmultiplexed cuvette unit that is structured for
repeatable and volumetrically uniform fill-measure-flush-and-re-use operation substantially
without forming air bubbles in the cuvette while, at the same time, providing sample aliquots
with geometrical constraints defined in such a fashion as to ensure that a pathlength of light
traversing the cavette installed in the photometric apparatus is substantially invariant,

6621} References throughout this specification to “one erobodiment,” “an
embodiment,” "a related ernbodiment,” or sirnilar language mean that a particular feature,
structure, or characieristic described in connection with the referred to "embodiment” 18 included
in at least one embodiment of the present invention. Thus, appearances of the phrases “in one
embodiment,” “in an embodiment,” and stmtlar language throughout this specitication may, but
do not necessarily, all refer to the same embodiment. 1t 18 to be understood that vo portion of
disclosure, taken on its own and/or in reference to a figure, s intended to provide a complete
description of all features of the invention.

[6022] In addition, in drawings, with reference to which the following disclosure ray
describe features of the wvention, like numbers represent the same or similar elements wherever
possible. In the drawings, the depicted structural clements are generally not 1o scale, and certain
components are enlarged relative to the other components for purposes of eraphasis and
understanding. It is to be understood that no single drawing is intended to support a complete
description of all features of the invention. In other words, a given drawing is generally
descriptive of only some, and not all, features of the invention. A given drawing and an
associated portion of the disclosure containing a description referencing such drawing do not,

generally, contain all elements of a particular view or all features that can be presented is this
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view in order to simplify the given drawing and the discussion, and to direct the discussion to
particular elements that are featured in this drawing.

66231 A skilled artisan will recognize that the invention may possibly be practiced
without one or more of the specific features, elements, components, structares, details, or
characteristics, or with the use of other methods, components, materials, and so forth,

Theretore, although a particular detail of an embodiment of the invention may not be necessarily
shown in each and every drawing describing such embodiment, the presence of this detai} in the
drawing may be implied unless the context of the description requires otherwise. In other
mstances, well known structures, details, maternials, or operations may be not shown in a8 given
drawing or deseribed in detail to avoid obscuring aspects of an embodiment of the invention that
are being discussed. Furthermore, the described features, structures, or characteristics of the
mvention may be combined in any suitable manner in one or more embodirents,

10624} Moreover, if the schematic flow chart diagram is included, 1t 1s gencrally set
forth as a logical flow-chart diagram. As such, the depicted order and labeled steps of the
logical flow are indicative of one embodiment of the presented method. Other steps and
methods may be conceived that are equivalent in function, logic, or effect to one or more steps,
or portions thereof, of the illustrated rocthod. Additionally, the format and symbols employed
are provided to explain the logical steps of the method and are understood vot to ot the scope
of the method. Although various arrow types and line types may be employed in the flow-chart
diagrarns, they are understood not to limit the scope of the corresponding method. Indeed, some
arrows or other connectors may be used to indicate only the logical flow of the method. For
mstance, an arrow may indicate 3 waiting or monitoring period of unspecified duration between

enumerated steps of the depicted method. Without loss of generality, the order in which
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processing steps or particular methods occur may or may not strictly adhere to the order of the
corresponding steps shown.

16025} The invention as recited in the appended claims s intended to be assessed in
fight of the disclosure as a whole.

8826} Photometric and radiometric methodologies {aggregately referred to, for the
purposes of this disclosure, using such terms as "photometry” and “photometric™) have been
widely adopted as tools for determining concentrations of analyies in both human and animal
biological samples such as, for example, blood, urine, and sahiva, (o name just a few,
{Photometric methods can also be used for envivonmental testing. For instance, groundwater
can be tested for contamination due to various chemical species.)  In vitro diagnostic devices
psing photorsetric detection techmques have been developed for a large variety of chinical
biomarkers. In general, there are three classes of reaction schemes for clinical assays that are
evaluated using photometric methods,

G627} Chemical endpoint reactions involve the coraplete conversion of an analyte using
synthetic chemicals. The conversion results in a change in absorbance of the sample, which 1s
measured atter the reaction has completed. The final absorbance of the sample is proportional 1o
the analyte concentration. Some analytes, the concentrations of which are deterrained with
chemical endpoint assays, inchude herooglobin, calcinm, and total protein.

16628} Enzymatic endpoint reactions also involve the complete conversion of an
analyte, such as ghicose, for example. However in this case, the conversion is catalyzed by the
presence of an enzyme. The absorbance of the sample 15, again, measured after the reaction is
completed and is proportional to the analyte concentration. Analytes the concentrations of
which are determined with enzymatic endpoint reactions include creatinine, ghucose, and

bilirubin.
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[3029] Enzymatic rate reactions involve the continuous conversion of an analyte
catalyzed by an enzyme. Absorbance of a sample in this case is monitored over time, and the
rate of change of absorbance is proportional to the concentration of an analyte. Enzymatic rate
reactions normally require tight temperature control to ensure that the reaction rate remains
constant over the cowrse of the measurement.  Analytes the concentrations of which are
determined with enzymatic rate reactions include alkaline phosphatase (ALP), alanine
aminotransterase (ALT), and chloride.

3638] Based on Beer's law, according to which the absorption of light in a sample is
proportional 1o the concentration of the analyte, the absorbance of light fij’{r at wavelength A,
caused by the presence of species X at a concentration X ] along a path L through the sample,

can be expressed ag

Eq(l)

s

p 5 )  F o
Ay = ex[X]L = logy {“f‘

where £y is the millimolar absorptivity of the species X at the designated wavelength.
Accordingly, the concentration of the sought-after species can be expressed as

[ X] = logyg

2 /(eht) Ea. )

G831} The transmutted through the sample radiant power is deterrained by integrating
the light intensity transoutied by the sample over a range of wavelengths of interest and
multiplying by the sensitivity of the detector at those wavelengths, This can be accomplished in
several ways, A broad spectrurn light source may be used with a spectrophotorneter as a
detector which splits the transoutied light into coraponent wavelengths that are individually
detected and can be read at the wavelengths of interest. Alternatively, g narrow band
wavelength light source may be used with a single point detector to absorb all of the transmitted

fight.
-10-
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0632} Generally, the terms "sample”, "biclogical sample”, "chemical sample” and the
fike as used herein refer t0 a sample of fluid material that is assumed o contain an analyte of
mnterest. For example, samples inchude various fluids such as various solutions, bodily fluids
{such as whole blood, serum, plasma, cerebrospinal fluid, urine, iymph fluids), and other fluids
(such as, for exampie, cell culture suspensions, cell extracts, cell culture supematants). A
sampic may be suspended or dissolved in, for example, butfers, exiractants, solvenis, and the
hike. Additional examples of samples are provided by flaids deliberately created for the study of
biological processes or discovery or screening of drag candidates. The latter inclade, but are not
hmited to, aqueous samples that have been doped with bacteria, virases, DNA, polypeptides,
natural or recombinant proteins, metal ions, or drag candidates and their mixtures.

10633} Conventionally, to conduct optical spectroscopic and/or photometic analysis, a
sample should be placed 1 a cuvetie that 1s used and replaced afier the measurement 1s
complete. The currently croployed microfluidic cuvettes possess shortcoming that substantially
Hmit their application in 2 multiplexed photoroetric system.

16034} Indeed, n a multiplexed microtluidic photometric system adapted to pertorm
parallel photometry rocasureraents on multiple, generally differcnt analytes, a cuvetie voluroe
an important figures of merit. The smaller the voluroe of a cuvette, the higher the degree of
systern and measurement multiplexing is possible tor a given "footprint” of the device and the
smaller the required sample volume. In order to make measurements of the sample
reproducible, a cuvette must have a very well-defined thickness or length (which translates to a
well-defined sample path length through the cuvette)., The path length of the cuvette determines
the measureable concentration of an analyte for the instrument. Accordingly, there is a need for
a cuvette that is configured to cusure that the corresponding sample path length accommodates

the entire range of concentrations of interest.
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[0835] In addition, a microfluidic cuvetie must be contigured such that, in operation, it
is completely filled with the sample at hand withow! introducing air bubbles that obscure the
optical path of light used for photometric measurements. Air in the path of light leads to light
diffraction, thereby causing errors in measurement of light absorbance.

3836} Moreover, a cuvette is desired that lends itself to being re-used - in
contradistinction with replaceable cuveties of the related art devices - and, therefore, "flushed” to
entirely to remove any trace of the sample once a measurernent has been made. The latter
requirernent arises from a need to ensure that no sample-carryover contamination occars from
one measurement to the next.

3637} The present invention stems from the realization that the above-mentioned
mdustrial needs are addressed with a microthudic deviee configured to include a multiphicity of
wnidirectional-flux cuvetics that share 4 common fluidic outlet, are devoid of valves, are
dimensioned to substantially climinate air-bubble forreation in a flow of fluid through cach of
the cuveties, and that are subject to positive pressure facilitating substantially complete removal
of the sample residue and, therefore, use and reuse of the sarse microfluidic chip.

[GO38] Figs. 1A and 1B provide perspective and plan view tllustrations of a simplified
photometric rotcrothuidic system 108 emploving a single cuvetic 118, providing a conveyor or
cortatner for a fluid sarople (not shown) that is interrogated with light emanating from the light
source 128, Light from the source 128 passes through a spatial mask 138 having an aperture
138A. Inreference to Fig. 1A, light propagating between the source of light 128 and the
cuvette 118 along path / is trapsmitted directly through the aperture 1304 onits way to s
detector 146, while light following path 2 is shown to interact with (reflect off of) a side of the
cuvette 114, In one implementation, the source of light 128 includes a 5 i diameter LED, the

opening 138A of the approximately (.3 mim thick mask 138 has a diameter of about 1.5 mm, a

-12-
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chamber of the cuvette 118 has a diameter of about 2 mm and thickness of about 1 mm, while
the area of the detector 148 is about 1 mm’.

16039} As another preliminary matter, Fig. 2 provides an exploded perspective view of a
simplified embodiment of a photometry module (IPM) according to an embodiment 280 of the
mvention that employs a multiplicity of individually addressable cuvettes 218 (at least some of
which may be similar to the cuvette 118 of Figs, 1A, 1B). The cuvettes 218, configured for
muldtiplexed photometry measurements, are disposed in association with a polymeric chip 212
and share a common waste outlet, while each of the individual cuvettes 218 includes a
circularly-shaped chamber, as discussed i detail below. The IPM cuvette-chip 212 1s boused in
association with an aluminum housing 2204, 2288 that is used as a heat sink to maintain a
constant temperature of the system. The system 222 (including the chip 212 and the sink
clements 2284, 2208) is heated with Peltier beaters 224 located, as shown, around the exterior
of the alumivum heat sink housing 2284, 2208, The temperature of the system s monitored
with 4 resistance teroperature detector 226 (RTD) located within the bounds of the beat sink
2204, 2208 incontact with the polymeric chip 212, A feedback control 1oop (not shown) is
employed to maindain the system at a constant temperature,

16040} The heat sink 2284, 320B (with all the enclosure thereof) s disposed juside a
plastic housing 2364, 23488 configured to insulate the system from the enviromment. A circuit
board 240 containing an array of photodiodes 244 (such as, for example, an array of individual
single-point photodiodes in T 1-3/4 packages) is mounted on one side of the plastic housing. In
one implementation, the number N of photodiodes equals that of the cuvettes 218, The
photodiodes may have, for example, square detectors with active areas of about Tnum x lmnm

and be protected by flat optical windows. A complementary circuit board 258 containing a
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corresponding number N of narrow-band {or substantially single-wavelength) LEDs 284 in T |-
3/4 packages with lensed tops is mounted on the other side of the plastic housing 238A.

{0041} As an option, a spatial mask (such as the mask §138 of Figs. 1A, 1B, for example)
can be used to limit the area of light incident on the detectors 244 from the light source 2584
through the cuvettes 218, In one embodiment, a substantially opaque at the wavelength(s) of
interest mask layer can be sandwiched between the cuvette chip 132 and the aluminum heat
sink portion 228A such as to have the apertures spatially aligned with the individual cuvettes

210,

Crorimization of g Single-Cyvetie-and-Channel Geometry

0042} It is appreciated that optimization of the operation ot a microthndic systern
depends, at least in part, on the ability of a user to utilize a sample of a imited volume. To
achicve such optimized operation, the volurne of the cuvetic should not contain 'dead space’ that
is filled with the substance of the sample but is not taking part in a photometric measurcment.
The required operational footprint of the cuvette, which facilitates climination of such 'dead
space’, relates to the area of the photodetector used for photometric measurements. In other
words, the cuvette should be dimensioned such that every portion of hight collected by the
photodetector has passed through the cuvette and that path length of such light through the
cuvette is substantially the same for any portion of the collected light. If this condition is not
observed, the background noise associated with the measurement is increased and the
measurements system will have reduced sensitivity at the lower end of the sample-concentration
range.

13643} Another factor restricting configuration of a photometric system is g path length,

for ight propagating from a source of light through the sample being measured to a detector.
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Typical microfhuidic photometric systems are structured to ensure that such path length is on the
order of Icm. Some point-of-care blood analysis instruments, however, may be configured to
vtilize path lengths as smali as a few hundred microns.

(644} In further reference to Fig. 2, the entire operational volume ¥, of a multiplexed
photometric system is calculated as

Veys = NAL + V¢ Eq. (3),

where &V is the number of cuvettes 210, 4 is the required arca (footprint) of a single cuvette, L
the thickness of a single cuvette, and Ve is the volume of a network of channels adapted to
provide feeding of the sample to the cuvettes 218 and removal of the waste from the cuvettes
{and referred to as feeder-waste channel network, for simplicity). The concentration of a diluted
saraple is given by

(X} = [X]s(1+ D) Eq. (4),

Where the concentration of an andiluted sample 15 /375 and the dilution ratio of the sample assay

is defined as 1. Based on Egs. (1) and (4),

and, in order to maintain a value of saraple absorbance that remains invariant as the cuvette
thickness changes, the dilution ratio 7 youst also change as a function of the thickuess of the
cuvette:

Dy ={L,/L 1 +By) -1 Eq. {6}
10045} If the overall operational volume ot the system is equal to the volure of the
diluted sample, the volume Vs of the undibited sarnple corresponding to the entire operational

volume Vi, is determined as
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Vyys = V(1 + D) Eq. (7

Assaming that a pathlength of light and the sample dilotion ratio, corvesponding to a chosen
reference measurernent method, are Lz and Dy, respectively, the required volume Fyof the
undituted sample is determined, from Egs. (3), (54, §B), (6), and (7), to be reciprocal to the
cuvette thickness L

Vo= Ly (NAL+V)/{(L+LDp)  Eq.(8)

(846} Overall, the mininvam operational value of the cuvette thickness is determined
both by the necessity to measure the lowest concentration analyte (at the dilution ratio of the
assay) and by the availability of the sample to be measure. As the cuvette thickness decreases,
the necessary sample ditution ratio for an assay decreases. I the dilution ratio of the sample is
too low, there may not be enough volurne of sample to fill a multiplexed cuvette system.

0847} Geometry of an entrance portion of the microfhuidic network (for example, a
foeder channel that leads to the cuvette) and that of an exit portion of the network (a waste
channel following the cuvette) are additional factors defining the efficiency of operation of the
microfluidic system.

(048] In reference to Figs. 3A, 3B, 4A, and 4B, to ensure that no air bubbles are
trapped and/or present in a cuvetie filled with the substance of the sample and that the fluid
flowing through the cuvetic maintains 4 continnous streamiine along the wall, a surface defining
a wall of the cuvette must be sufficiently sruooth and define a tangent described by a continuous
function. In a specific ernbodiment, a wall of the cuvette 1s defined by a surtace that is
differentiable (that is, has a derivative) at any point along the wall,

10049} Figs. 3A and 3B tllustrate, not to scale, top and side views, respectively, of an
crnbodiment 388 of a microfluidic network portion including a fecder chanunel 362, a cuvette

304 with a wall 306, and a waste channel 388. in order to reduce the 'dead’ volume, the fluidic
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channels that feed and empty the cuvetie should be ag small ag possible. The cuvette 384 has an
approximately rectangular profile defined by a substantially step-like transitions between a
chamber of the cuvette 384 and the feeder / waste channels 302, 308 in a cross-sectional plane
that is parallel to both the main direction 318 of fluid sample flow and the direction of
propagation of light (shown as axis z in Fig. 3B). In particular, the transition angle 4, between
the wall 306 and the bottom 312 of the cuvette 302 is substantially 90°. In contradistinction to
the embodiment of Figs. 3A, 3B, Figs. 4A and 4B iltustrate an embodiment 488 the
corresponding transitional angle A7 of which, defined by a non-zero-length 7 transition between
the feeder channel 302 and the bottom 312 of the cuvette, is obtuse to define a ramp-surtace or
wall 416, mchined with respect to the bottor surface 312, Accordingly, the transition between
the feeder or inlet channel 302 and the cuvetie 404 inclades a entrance ramp region 4064, In
one implementation, a roinimum transition angle 4r of about 144° between a wall jn transition
region and the bottor of the cuvette ensures that neither bubbles nor stagnant thuid are trapped
n the comers and/or by the edges of the cuvette 484, (the upper timnit for this transition angle is,
understandably, 180 degrees.) Similarly, the embodiment 488 can be adapted to contain an
optional exit ramp region 4468, the transition length of which s denoted T, and which has a
corresponding transition angle (not shown in Fig, 48)

[6056] It is appreciated that the smaller the microfluidic chamnels of the device, the more
such channels are susceptible to clogging with the substance of the sanple being measured.
[B05E] In either of Figs. 3A and 4A, the circular dashed line 3586 identified the area or
footprint, of the corresponding cuvette 384, 484, that is required to ensure that al light leaving
the source and reaching the detector has passed through the cuvette (and thus the sample). The

dashed line 352 defines a parallelogram corresponding to tangents to fluidic cuvette walls.
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0052} According to an embodiment of the invention, the spatial rate of widening of the
microfluidic network at the entrance of the cuvette, at the transition region between the nlet
portion and the cuvette, is sufficiently low to ensure that the fhuid sample proximate to the wall
of the cuvette doesn’t separate from the wall and form bubbles near the edges of the cuvette.

For example, the fluid sample may be controlled using a boundary layer or surface tension
effects. This spatial rate of widening of the transition portion is defined, for example, by an
angle of widening Ay formed by a wall in the transition region with respect to an axis ot at least
one of the mnlet and outlet portions; the value of 4y 18 smaller than a threshold angle value 6. 11
as llustrated in Fig. 3A, such angle 4y between the wall 306 and the direction of the fiow 316
exceeds the operationally corresponding threshold value 8, the nature of interaction between the
fluid stream in the separation zone 316 and the wall 386 is likely to promote formation of the
bubbles 320 (region B i Fig. 3A) jn the cuvette 304B.  In contradistinction with the
embodiment of Figs. 3A and 3B, the ermvbodiment of Figs. 4A and 4B, having a cuvetic 404 that
is characterized by 4y, < 8, docs not promote formation of the bubbles. In one embodiment,

the value of the threshold angle @ is about 36 degrees and, therefore, 0 < 4y < 369,

In
another embodiment, the value of the threshold angle is about 30 degrees and ¢ < 4y < 30°,
and in an alternative erobodiment the value of the thresheld angle 1s about 25 degrees and

0 < 4y < 25° Inaspecific case when Ay ~ 0° and the depth of the feeder channel 302
approximately equals to the depth of the cuvette 304, 404 (not shown), there is substantially no
potential for trapping air bubbles or leaving stagnant floid at the bottom of the cuvette.

[0953] Furthermore, an embodiment of the IPM of the invention {such as the IPM 260
of Fig. 2, for example) is optionally equipped with a vanit providing a positive air flow through
the microfiuidic network inchiding the cuvettes 218, and each of the cuvettes 218 is adapted to

gnsure that there are no “stagnant’ areas in the cuvette in which the residue of the fluid sample
&
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remain after the cuveite has been flushed with air.  Accordingly, and in further reference to
Figs. 4A, 4B, the radius 408 of curvature defined by a cuvette wall 488 in a cross-sectional plane
that contains the axis 318 of fluid flow and that is substantially normal to the optical axis (locally
defined as z-axis) should be maximized. In one example, where the footprint of the cavette of
about 2 mm (as defined by the dashed circle 356) implies a maxinvam radius of curvature of
about | mm for the channel walls in the middle of the cuvette region {approximately at a mid-

point between the inlet 302 and outlet 308 of the cuvetie).

Optinization of o Multivle-Cuvette-and-Channel Muliiniexed Geometry

16054] Embodiments of the invention employ reusable microfluidic chips or clements
that combine, in a spatially multiplexed fashion, multiple individual cuvettes each of which is
adapted for a designated unique type of measurcroent. For exaraple, muliiple individual cuvettes
on the same chip may be used for contemporancous measurernents of the same type of sarmple
the concontration of which is different in different cuvetics. o a related example, multiple
mndividual cuveties on the sarne chip may be used for conteraporancous measurements of
samples of different types or nature (for exaraple, saraples containing different analytes). In
either case, 1o use the smallest possible volume of 4 sample in an individual cuvetie, the “dead’
volume of such cuvette is minimoized, as mentioned above. A person of skill in the ant will
appreciate that the required operations! independence of the individual but structurally-
multiplexed cuvettes from one another begs a question of how to preciude ditferent sample
aliquots in different individual cuvettes from mixing with one another and, by virtue of such
mixing, introducing an error in the measurerents. This requirement becomes even more
stringent if another requirement is imposed 1o not remove the reusable microfluidic chip from

the photometric apparatus between immediately sequential measurement.
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[BB55] Put ditferently, the complexity of these problems can be phrased as achieving the
operational multiplexing of cleanable cuvettes on the same (optionally non-removable from the
photometric apparatus ) chip, while (1) minimizing the mumber of necessary fhudic connections
on the chip, to reduce the overall footprint of the chip and the “dead’ volume of the cuvettes and
(i1} ensuring that samples in individual cuvettes are substantially isolated from one another.
According to an embodiment of the invention, a solution to this complex of probiems is
provided by merging the individual outlet channels of individual cavettes into a common outlet
for the overall multiplexed system of cuvettes. The following discussion is provided in
reterence to Fig. S providing a diagram of an embodiment 588 of a multiplexed microfluidic
chip for use with an ernbodiment of the photometric apparatus of the invention.

04956} Sample Isolation. The embodiment 348 shows an example of multiplexang of

individual microfluidic cloments each of which includes a corresponding input channel or inlet
802a, b, o, dy e, £, g b, L 1), acuvette 304(a, b, ¢, d, &, f, g, B, §, §}, and a corresponding
individual cutput or outlet S88{a, b, ¢, d, &, £, g, b §, §). For sumplicity of ilfustration, only some
of the above-mentioned elements are labeled in Fig. 5. The ndividual inlets 502a through 582§
serve a purpose of operational 1solation of individual cuvettes 584a through 504§ so that
different samples in these cuvetics do not contaminate one another, For stmplicity of the fluidic
mantfold that will distribute and return samples, the individual outlets 508a through 508j are
merged to and share a coramon chip outlet $16. To operationally isolate the samples in the
cuvettes S84a through 564j, the fluidic resistance of the individual cuvette outlets 588a through
208) must be sufficient to ensure that pressurized fluid in the main outlet channel 816 flows out
of the device (along the arrow 518} through the conumon outlet rather than back, up-the -stream
through another cuvette {for example, through the outlet 588a towards the cuvette 384a). The

fluidic path length corresponding to an individual outlet channel 588a through 588j must be
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sufficiently long to prevent ditfusive mixing of the samples in individual cuvettes $84a through
504j.

{00371 In reference to Figs. 6A and 6B, showing examples of two schemes describing
the fluidic model of the embodiment 586 of Fig. 5, the fluidic resistance R7 of the individual
outlets 548a through 388} 15, in one implementation, approximately 2 to 3 orders of magnitude
higher than the resistance values 82 of segmenis 524ab, 524d¢d, 524¢f, 524gh, and 524ij, of the
main outlet channel 316, that are located between the cuvette pairs {584a, 584b3, (584¢, 5044,
(384e, S040, (504g, 584h), and (3844, 584}, respectively. In one implementation, the ratio of
the resistance values R1/R2 is about a number of the individual cuvettes in the embodiment or
higher, In different implementations, the ratio of resistance values 87 and R2 may range
between about 200 and sbowt 10,000, Furthermore, the entive measurement system, which
includes the erabodiment S08, is preferably a closed system with vo air in any line in order to
prevent residual flows, If there is any air in the system, it will compress during pressurization of
the system and then when the system is de-pressurized, the air will expand causing residual
flows which can lead to sample contamination. The nodes N; within the system of Fig. 68
represent the locations at which the fluidic pressure is approximately the same.

Lxamples,

[B058] In one implementation, and 1o further reference to Figs. 2, 4A, 4B, and 5, an
mdividual cuvette in a nultiplexed chip 212, 580 used in the [PM 286 has a foot print defined by
a circle with a diameter of about 2 mm. Fig. 7 is a plot showing a volume of the required
undiluted sample as a function of the cuvette thickness and the reference dilution ratio,
according to Eq. (8). According to Fig. 7, a cuvette with thickness of about 1 nun optimizes the
reduction of the “dead” volume of the overall microfluidic component system while maintaining,

at the same time, an undiluted sample vohume below about (.02 mi.. Therefore, Fig. 7 provides
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an illustration to an embodiment in which the operation of the multiplexed microfluidic chip
232, S5B9 is optimized for the cuvettes having thickness of about Imm. In the example of Fig. 7,
the entrance channels (382, 582a through 502§ of the cuvettes (404, 504a through 584)) cach
have a depth of about Tmum and a width of abowt (.5 mm. The transition angie A
corresponding to the individual inlet transition arca 486A is chosen to be about 180°, as
discussed in reference to Fig. 4B. Each of the individual inlets (382, 582a through 562§
expands into the corresponding cuvetie (404, 504a through 504)) at an angle 4y of about 32, as
discussed in reference to Fig. 4A. The walls of an individual cuvette have a curvatore radius
488 of about 1 mm. The imdividual exit channels (388, 868a throagh 868§) have a width of
about (.25 mm, a depth of about 0.05 mm, and a length of about 26 mum. The transition region
4868 from an individual cuvette area to the corresponding exit chaunels (388, 508a through
508§ has a length 7> of about 1.9 mwm. The transttion angle 4r correspounding to the outlet
transition region 4868 is chosen to be about 153%. The main outlet channel 516 has a depth of
about .25 mm and a width of about 0.5 nun. The distance between pairs of jndividual outlet
channels along the length of the main outlet channel 3 about 5.4 v

[G05G] In one implementation, and referving again o Fig. 2, the IPM 206 is operated as
follows. The entire system is heated to about 37 °C (for exaraple, for about 3 minutes) until a
steady state 18 reached. Ouce the temperature of the syster is stabilized, a dark reference
voltage is measured for each detector 244 by determining the voltage corresponding to each
detector when the respectively corresponding LED 234 is turned off. The IPM 280 1s initially
empty {contains air} prior to any measwrement. Blank solutions are pre-loaded into a sample
manifold (not shown in Fig. 2), which, in this example, contains ten slots for vials, one for cach
cuvette, The manifold is connected to the plastic cuvette with 37 - 67 long rigid tubing (such as,

for example, the one by PEEK, /327 0D, 0.015” 1D followed by 37 - 67 long flexible tubing
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(such as that of Tygon, 0.06” O, 0.02” 1), The manifold is pressurized to about 1 bar and the
blank solutions flow into their respective cuvettes. The flow is stopped by venting the manifold
to atmospheric pressure when liquid begins to flow out of the outlet tube (in one example, in
about § to15 seconds). The system is then closed by clamping the flexible tubing to ensure that
there are no air pockets in the system (such as the head space in the manifold).

(660} The transmission of light through the blank sohution in 2 single cuvette is
measured by tarming on the LED 2584, corresponding for that cuvetie, waiting for a short period
of tirne {such as 5 ms, for example), recording the voltage of the photodetector 244, tarming off
the LED 254, and waiting for another period of time (for example, 200 ms). This process is
repeated three times and the average detector voltage for that cuvetie is determined. The dark
reterence voltage for that detector s subtracted from the average voltage and the result is
recorded. The process is repeated for each of the ton cuvettes in series.

0061} Once the blank solutions have been measured, the sample vials are removed
from the manifold and tubing 15 vnclamped. The roanifold s again pressurized to | bar and the
system is flushed with air until ali of the hquid s rernoved (for about 5 1015 seconds). The
samples are then Joaded into the manifold i the same mavuer as the blank solutions.

10662} The transmission of light through the samples 1s measured in the same manner as
for the blank solutions. The absorbance of the samples is determined by calculating the
fogarithm of the ratio of the transmittance value corresponding to the blank solution to the
trapsmitiance value of the sample (corrected with the dark reference value, as already

described).

0863} For endpoint reactions, three measurerents are taken for each sample and the
averaged absorbance value is used to calculate the sample concentration. For rate reactions, the

absorbance of the sampie is contimuously monitored (the system cycles through all of the
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cuvettes until stopped) and the rate of change of absorbance is used to determine the sample
concentration.

G864} The IPM embodiment 288 of Fig. 2, structured as described above in reference
of Fig. 7, requires at feast 0.02 mL of the fluid sample (for example, blood, serum, saliva difuted
with reagent and/or buffer) to operate. In order to make accurate measurements of sample
absorbance, the hiquid sample in any given cuvette must not be contaminated by other samples.
This means there can be no residoal flows n the system. The tube clamping described in the
previous section takes care of this requirement.

10065] For enzymatic rate reactions, the sample and reagent are mixed outside the
system at a temperature significantly lower than the chose steady-state temperatire of operation

]

{which, in the provided example, 15 about 37 C) in order to suppress the enzymatic rate reaction.
When the sampie 15 flown nto the cuvette, it is warmed 0 37 C as quickly as possible in order
10 make an accuratc constant rafe rocasureroent.  Assay chemistries for this systern should
preferably be adapted to be compatible with that process workflow.

0066} In order to make accurate sample measwrements, the LEDS 284 and
corresponding electronic circuitry are configured o ensure that the output LED miensity does
not drift over time.  In particular, the duty cyeles {on time/cyele time) of the operation of the
LEDs 254 arc chosen to be low enough 1o ensure that the LED intensity doesn’t drift. Tn one
example, the reported operation of "5ms on/ 200 ms off satisfies this requirement for all of the
LEDs currently used in the IPM system 28§

{0067) To effect the operation of an embodiment of the above-described IPM gystem
(including the design of a nuultiplexed microftuidic chip according to the methodology described
above) and performance of the steps required to acquire and process the photometric data

representing results of the measurements of the fluid sample(s) passing through an individual
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cuvetie of the IPM systern may require the operation of a processor controlled by application-
specific instructions stored in a tangible memory clement. Those skilled in the art should readily
appreciate that required algorithmical functions, operations, and decisions may be implemented
as computer program instructions, software, hardware, firmiware or combinations thereof. Those
skifled in the art should also readily appreciate that instructions or programs defining the
functions and elements of the present invention may be delivered to a processor in many forms,
imchuding, but not limited to, information permanently stored on non-writable storage media {e.g.
read-only memory devices within a computer, such as ROM, or devices readable by a computer
IO attachment, such as CD-ROM or DVD disks), information alterably stored on writable
storage media (e.g. floppy disks, removable flash memory and hard drives) or information
conveyed to a computer through communication media, inchiding wired or wireless computer
networks, To addition, while the invention may be embodied in software, the functions
necessary to tmplement the invention may optionally or alternatively be erabodied n part or in
whole using firmware and/or hardware components, such as combinatorial logic, Application
Specific Integrated Circuits { ASICs), Field-Programmable Gate Arrays (FPGAs) or other
hardware or some combination of hardware, software and/or firmware components,

16068] The disclosed erabodiments of the invention discuss specific exaraples of
isolation of multiple different sarople chemistries within a single connected fluidic network,

of design rules for optimizing physical characteristics of the measurement cuvettes and fluidic
network, of design rules for cuvettes o be repeatedly used in a fluidic network (including
sarople loading without air bubbles and sample flushing without carryover contamination), and
of performing simultancous photometric measurements of (optionally multiple) samples at
{optionally multiple} wavelengths in a consolidated package. Modifications to, and variations

of, the illustrated embodiments may be made without departing from the inventive concepts
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disciosed herein. Furthermore, disclosed aspects, or portions of these aspects, may be combined
in ways not listed above. Accordingly, the invention should not be viewed as being limited to
the disclosed embodiment(s). In addition, the terminology used herein is with the purpose of
describing particular embodiments only, and 1s not intended to himit the scope of the present

invention.

26~



WO 2014/078785 PCT/US2013/070555

CLAIMS

What is claimed is;

1. A microfluidic component having a surface and comprising, at its surface:
a microthuidic channel having an inlet portion, an outlet portion, and a cuvette
portion between the inlet and outlet portions in fhad commumication therewith; and
wherein the cuvette portion is dirsensioned such as to prevent formation of an

air-bubble therein when a fluid is flowing along said microthuidic channel.

2. The component according to claim 1, wherein a cuvette portion defines a

substantially circular projection onto the surface.

3. The component according to claim 1, wherein the cuvette portion and at least one
of the inlet and outlet portions are connected by a transition portion, the transition portion
mcluding a first bottom, the cuvette portion including a second bottom, the first bottom of the
transition portion being inclined with respect o the second bottom of the cuvette at an obtuse

angle.

4. The component according to claim 3, wherein the obtuse angle is between about

144 degrees and 180 degrees.

3. The component according to claim 1, wherein the cuvette portion and at feast one
of the inlet and outlet portions are connected by a transition portion including a wall, the wall of
the transition portion being inclined with respect to an axis of at least one of the inlet and outlet

portions at an acute angle.

6. The component according to claim 5, wherein the acute angle 13 smaller than 36
degrees.
7. The network of microfluidic delivery channels, each of the channels comprising:

an inlet portion, an outlet portion, and a cuvette portion between the inlet and
outlet portions in fluid comumunication therewith; and
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a rain outlet channel having an end, the main outlet channel configured n fluid
communication with each outlet portion such as to provide a flow of the sample in a fivst
direction from an inlet portion through 2 corresponding microfluidic delivery channel to said end
and prevent g tlow of the sanmple 1n a second direction from the main outlet channel into the

corresponding microfluidic delivery channel.

8. The network according to claim 7, structured such that a first microfluidic
delivery channel disposed on one side of the main outlet channel has 3 corresponding second

microfhuidic delivery channel disposed on the other side of the main outlet chanpel.

g, The network according to claim 7, wherein said network is structured

substantially symmetrically about the main outlet channel.

10, The network according to claim 7, wherein 4 first outlet portion and a second
outlet portion are connected to the main output channel at first and second points along the main
output channel and wherein any of the first and second outlet portions is configured to define a
first level of resistance to a fhuid flowing therethrough towards the main outlet channel, and
wherein a segment of the main outlet channel defined between the first and second points is
configured to define a second level resistance to the fluid flowing therethrough towards the end,
a value of resistance corresponding to the first level being a multiple of a valae of resistance
corresponding to the second level, wherein the multiple 18 equal or greater than a murnber of

outlet portions in the network.

1. The network according to claim 7, wherein the value of resistance corresponding
1o the fivst level is at least 200 higher than the value of resistance corresponding to the second

fevel.

12. The network according to claim 7, wherein a cuvetie portion of said network

defines a substantially circular projection onto a surface of the chip.

13. The network according to claim 7, wherein the cuvette portion and the at least

one of the inlet and outlet portions are connected with a transition portion, the transition portion
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including a wall and 3 first bottom, the cuvette portion including a second bottom, the first
bottom of the transition portion being inchned with respect to the botiom of the cuvette at an
obtuse angle between about 144 degrees and 180 degrees, the wall of the transttion portion
forming, with respect to an axis of at least one of the inlet and outlet portions, an acute angle of

fess than 36 degrees.

14. The network according to claim 7, further comprising a transition portion fluidly
connecting at least one of an inlet portion and a corresponding cuvette portion and an outlet
portion and a corresponding cuvette portion, said transition portion having a length and
characterized by a cross-sectional area that is bigger than a cross-sectional area of a respectively

corresponding to a least one of inlet and outlet portions.

15. The network according to claim 7, wherein a microfluidic delivery channel s
dimensioned such as to prevent formation of an air-bubble therein when a fhid s flowing along

said microfluidic channel.

16. A system for photometric measurement of a thuid sample, the system
comprising:
a chip containing:

a network of microfluidic delivery channels, cach channel having an inlet
portion, an outlet portion, and a cuvetic portion between the inlet and outlet portions in fluid
communication therewith; and

a main outlet channel having an end, the main outlet channel configured
in fluid communication with each outlet portion such as to provide a flow of the sample in a fivst
direction from an inlet portion through 2 corresponding microfluidic delivery channel to said end
and prevent a flow of the sample in 3 second direction from the main outlet channel into the

corresponding microfluidic delivery channel.

17. The system according to claim 15, further coniprising an array of photodetectors
and array of light sources positionad to sandwich said chip between said arrays with cach
cuvetie portion oviented to transmit Hight from a corresponding hght source to a corresponding

photodetecior.
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18, The system according to claim 15, wherein said network is structured

substantially synuoetrically about the roain cutlet channel.

19 The system according to claim 15, wherein a first outlet portion and a second
outlet portion are connected to the main output channel at first and second points along the main
output channel and wherein any of the tfirst and second outlet portions 15 configured to definca
first level of resistance to a thuid flowing therethrough towards the main outlet channel, and
wherein a segment of the main cutlet channel defined between the first and second points is
configured to define a second level resistance to the fhid flowing therethrough towards the end,
a value of resistance corresponding to the first level being a multiple of a value of resistance
corresponding to the second level, wherein the muitiple is equal or greater than a number of

outlet portions in the network.

20 The network according to claim 15, wherein the value of resistance
corresponding to the first level is at least 206 higher than the value of resistance corresponding

10 the second level,

21 The system according to claim 15, further comprising a transition portion
between the cuvette portion and at least one of the infet and outlet portions, and wherein the
transition portion inchuding a wall and a first bottom, the cuvetie portion including a second
bottom, the first bottom of the transition portion being inclined with respect to the second
botiom of the cuvette at an obtuse angle between about 144 degrees and 180 degrees, the wall of
the transition portion forming, with respect (o an axis of at least one of the inlet and outlet

portions, at an acute angle of less than 36 degrees.

22. A method for performing a photometric measurement, the method coraprising
transyoitting light from a first light source to a first photodetector through a
corresponding first cuvette containing a first fluid sample delivered to the first cuvette from a

corresponding first inlet channel;
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transmitting light from 2 second light source to a second photodetector through a
corresponding second cuvette containing a sceond fluid sample debivered to the second cuvette
from a corresponding second inlet channel;

acquiring data representing said first and second fluids;

removing the first and second fluids from the corresponding first and second
cuvettes through respectively corresponding first and second outlet channels to a main output
channel; and

wherein the first and second cuvettes are dimensioned to substantially prevent a

formation of air-pockets therein while first and second fluid samples tlow therethrough.

23, The method according to claim 20, wherein cach of the first and second cuvettes
has a transition channel portion on at least one of the inlet and outlet sides of the cuvette,
the transition portion including a wall and a first bottom, the cuvette portion including a second
bottom, the first bottom of the transition portion being inclined with respect to the second
bottom: of the cuvetic at an obtuse angle between about 144 degrees and 180 degrees, the wall of
the transition portion forming, with respect to a direction of fluid flow through said cuvette, at an

acute angle of less than 36 degrees.

24 The method according to claim 20, wherein said removing inchudes:

removing a fluid from the fivst covette through the first outlet channel connected
to the main output channel at a fust poing;

removing a fluid from the second cuvette through the second outlet channel
connected to the main output channel at a second point; and

wherein any of the first and second outlet channels 18 dimensioned to define a
first level of resistance to a fhuid flowing therethrough towards the main outlet channel, and
wherein a segment of the main outlet channel defined between the first and second points is
dimensioned to define a second level of resistance to the thud flowing therethrough towards the
end, a value of resistance corresponding to the first level being a multiple of a value of resistance
corresponding to the second level, wherein the nltiple is at least equal to the number of outlet

portions in the entire fluidic network.
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25. The method according to claim 20, wherein the multipie is equal 0 or greater

than 200.
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