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FLUIDIC DEVICE AND DEGASSING METHOD

[0001] The subject application claims benefit under 35 USC § 119(e) of US provisional
Application No. 62/012,577, filed June 16, 2014. The entire contents of the above-referenced

patent application are hereby expressly incorporated herein by reference.

FIELD
[0002] Aspects of the present invention relate to a fluidic device, and in particular, to

techniques for degassing a fluidic device.

DESCRIPTION OF RELATED ART

[0003] A fluid system, in general, may comprise a fluidic device that operates by the
interaction of streams of fluid. In recent years, miniature fluidic devices, such as microfluidic
devices and biochips, have attracted more and more attention, for example, in the field for
point-of-care testing. Miniaturization is a trend of medical devices in this field. A fluidic
device in this field usually provides integration of multiple analytical steps into a single
device. A fluidic device may perform one or more assays. For the purposes of the instant
disclosure, an assay may be defined as a procedure for quantifying the amount or the
functional activity of an analyte in a liquid sample. A typical on-chip assay may involve a
variety of on-board operations, such as sample introduction and preparation, metering,
sample/reagent mixing, liquid transport, and detection, etc. These operations may result in

gas inside the fluidic device.

[0004] In many cases, gas in a sample and reagents interferes with the performance of an
assay as well as the fluid control of the fluidic device. For example, bubbles inside the fluidic
device may result in metering inaccuracy, fluid segmentations, inefficient mixing, detection

scattering, and fluid control inconsistence, among other issues. The need to remove the gas in

sample/reagents is of importance to the performance of the fluidic device.

[0005] However, many of the fluidic devices, such as microfluidic devices, are closed
systems that are composed of sealed channels and chambers. Bubbles trapped in these
devices may be randomly distributed and less accessible, whereby bubble management is

challenging.
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[0006] Presently, gas contained in the fluidic device are removed, for example, with
micro fabricated structures in the fluidic devices that function as bubble traps. Such
configurations are much less feasible, more expensive, and may induce sample loss.
Moreover, such configurations are less versatile and allow low flow rate. Most alternatives
are not amenable to mass production and they may not be able to handle large amount of

bubbles on card.

SUMMARY

[0007] Briefly described, aspects of the present invention relate to a fluidic device, and in

particular, to techniques for degassing a fluidic device.

[0008] According to a first aspect, a fluidic system comprises a fluidic device in which
one or more degassing membranes reside, and a fluid control device. The fluidic device
comprises a plurality of fluidic components including, but not limited to, channels, chambers,
and integrated valves and pumps, etc. The fluid control device is connected to the fluidic
device for controlling a flow of the liquid inside the fluidic device. The fluid control device is

operated to remove gas and bubbles contained in the liquid.

[0009] The one or more porous degassing membranes are disposed at degassing areas of
the fluidic device. The fluid control device generates a positive pressure differential between
two sides of the membrane when activated. At a proper pressure differential, the membrane is
permeable to the gas contained in the liquid through the pores and is impermeable to the

liquid in the fluidic device.

[0010] According to a second aspect, a method for degassing a fluid device comprising a
fluidic device comprises disposing a porous membrane at a degassing area of the fluidic
device for removing gas or bubbles contained in the fluidic device. The membrane comprises
a plurality of pores. One side of the membrane faces the liquid. The method further comprises
generating a controlled pressure differential between two sides of the membrane when
activating a fluid control device. The membrane is permeable to the gas or bubbles contained
in the fluidic device and is impermeable to the liquid in the fluidic device below a given
pressure differential. The method further comprises applying said pressure differential to the

membrane till the gas or bubbles contained in the fluidic device are substantially removed
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from the fluidic device.

[0011] Various aspects and embodiments of the application as described above and
hereinafter may not only be used in the combinations explicitly described, but also in other
combinations. Modifications will occur to the skilled person upon reading and understanding

of the description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Exemplary embodiments of the application are explained in further detail with

respect to the accompanying drawings. In the drawings:

FIG. 1 illustrates a top view of a fluid system according to an exemplary embodiment of
the present invention;

FIG.2 illustrates a cross-sectional view of a fluidic device according to an exemplary
embodiment of the present invention;

FIG. 3 illustrates a cross-sectional view of a fluidic device according to another
exemplary embodiment of the present invention; and

FIG. 4 is a graphical illustration of a pressure profile inside a fluidic device according to

an exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF INVENTION

[0013] Before explaining at least one embodiment of the inventive concepts disclosed
herein in detail, it is to be understood that the inventive concepts are not limited in their
application to the details of construction and the arrangement of the components or steps or
methodologies set forth in the following description or illustrated in the drawings. The
inventive concepts disclosed herein are capable of other embodiments or of being practiced
or carried out in various ways. Also, it is to be understood that the phraseology and
terminology employed herein is for the purpose of description and should not be regarded as
limiting the inventive concepts disclosed and claimed herein in any way.

[0014] In the following detailed description of embodiments of the inventive concepts,
numerous specific details are set forth in order to provide a more thorough understanding of
the inventive concepts. However, it will be apparent to one of ordinary skill in the art that the
inventive concepts within the instant disclosure may be practiced without these specific
details. In other instances, well-known features have not been described in detail to avoid

unnecessarily complicating the instant disclosure.
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[0015] As used herein, the terms "comprises,” "comprising, including,”
"has," "having" or any other variation thereof, are intended to cover a non-exclusive
inclusion. For example, a composition, a process, method, article, or apparatus that comprises
a list of elements is not necessarily limited to only those elements but may include other

elements not expressly listed or inherently present therein.

29 ¢ 29 CC

[0016] As used herein the terms “approximately,” “about,” “substantially” and variations
thereof are intended to include not only the exact value qualified by the term, but to also
include some slight deviations therefrom, such as deviations caused by measuring error,
manufacturing tolerances, wear and tear on components or structures, settling or precipitation
of cells or particles out of suspension or solution, chemical or biological degradation of
solutions over time, stress exerted on structures, and combinations thercof, for example.
[0017] As used herein, the terms “fluid,” “fluid sample”, or “sample,” and variations
thereof, are intended to a portion of a fluid. Non limiting examples include biological fluids,
chemical fluids, chemical substances, suspensions, solutions, slurries, mixtures,
agglomerations, tinctures, or other preparations of fluids, synthetic analogs to fluids, reagents,
whole blood, urine, and combinations thereof, for example.

[0018] Unless expressly stated to the contrary, "or" refers to an inclusive or and not to an
exclusive or. For example, a condition A or B is satisfied by anyone of the following: A is
true (or present) and B is false (or not present), A is false (or not present) and B is true (or
present), and both A and B are true (or present). An inclusive or may be understood as being
the equivalent to: at least one of condition A or B.

[0019] In addition, use of the "a" or "an" are employed to describe elements and
components of the embodiments herein. This is done merely for convenience and to give a
general sense of the inventive concepts. This description should be read to include one or at
least one and the singular also includes the plural unless it is obvious that it is meant
otherwise.

[0020] Finally, as used herein any reference to "one embodiment” or "an embodiment”
means that a particular element, feature, structure, or characteristic described in connection
with the embodiment is included in at least one embodiment. The appearances of the phrase
"in one embodiment" in various places in the specification are not necessarily all referring to
the same embodiment.

[0021] A detailed description related to aspects of the present invention is described
hereafter with respect to the accompanying figures.

[0022] FIG. 1 illustrates a top view of a fluid system 100 according to an exemplary
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embodiment of the present invention. FIGS. 2 and 3 illustrate additional cross-sectional view
of fluidic device 400 and 500, respectively, according to other exemplary embodiment of the
present invention. As illustrated in FIG. 1, the fluid system 100 comprises a fluidic device
200 through which a fluid is transported, and a fluid control device 400. In one embodiment,
the fluidic device 200 may be a microfluidic device or a biochip for the performance of one
Or More assays.

[0023] As illustrated in FIG. 1, the fluidic device 200 comprises at least one fluidic
chamber 202a-c and one or more fluidic channels 204 that are connected to the at least one
fluidic chamber 202a-c. According to an exemplary embodiment, the fluidic channel 204 may
be a closed channel.

[0024] In the illustrated embodiment, at least one fluidic chamber 202a-c comprises a
sample metering chamber 202a, a reaction chamber 202b and an optical measurement
chamber 202¢ which is in an optical measurement zone (OMZ). The embodiment shown in
FIG. 1 is illustrative. Alternate embodiments may include greater or lesser numbers of the
same or different types of fluidic chambers.

[0025] Embodiments described herein provide a novel technique of degassing a fluidic
device by way of the inventive porous membranes 300 which are disposed at one or more
degassing areas in the fluidic device. As used in this description, the term “degassing”
generally refers to a method for removing gas from within the fluidic device. The degassing
area could be located at any one location or at multiple locations in the fluidic device,
including one or more of the fluidic channels or one or more of the fluidic chambers. In the
embodiment depicted in FIG. 1, the porous membrane 300 is positioned above the chamber
202c.

[0026] The term gas, as used in this disclosure, refers to the following non-limiting
examples of gas in the fluidic device: gas bubbles present in the liquid sample upon
introduction to the fluidic device; gas bubbles which form in the liquid sample while
contained inside the fluidic device; gas trapped in fluidic channels or fluidic chambers during
fluid transport or filling of the fluidic device; and areas of gas trapped between two areas
liquids in the fluidic device. Additionally, the commonly used T-junction type of fluidic
device may also induce bubbles. For avoidance of doubt, gas should be understood as
including bubbles.

[0027] The illustrated membrane 300 is porous, i.e., comprising a plurality of pores 306.
A first side 302 of the membrane 300 faces the interior of the fluid device 200 (and the liquid
208 that may be present therein) while a second side 304 of the membrane 300 faces the
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exterior of the device. The plurality of pores 306 are located throughout the membrane 300
and, when take as a group, form a series of three dimensional interlinked channels that allow
gas 206 to move from the first side 302, through the membrane 300, and out the second side
304. The pores 306 may have a substantially uniform size or may vary in size. The first side
302 and the second side 304 may be disposed a distance apart and parallel to one another (as
depicted in Figs. 1-3). However it should be appreciated that the first side 302 and the
second side 304 may be disposed at a wide variety of distances from one another and at
variety of angles from one another (including perpendicular).

[0028] According to various illustrative embodiments, when a sufficient pressure
differential is present between the first side 302 and the second side 304, the membrane 300
is permeable to gas but impermeable to liquid. As should be understood, the precise pressure
differential required for gas or bubbles to penetrate the membrane depends on the material
used to construct the membrane 300 and the type of liquid used in the fluid device. In an
illustrative embodiment, gas can penetrate the membrane when the pressure against the first
side 302 is higher than the pressure against the second side 304. However, when the pressure
difference against the second side 304 is too high as compared to the pressure against the first
side 302, no gas or bubbles will penetrate the membrane. Conversely, if the pressure against
the first side 302 is too high as compared to the second side 304, the liquid from within the
fluid device 200 could be forced through the membrane 300 pores along with the gas (which
could rupture the membrane).

[0029] According to an exemplary embodiment, the membrane 300 may be formed of
materials including, but not limited to, polymers such as polytetrafluoroethylene (PTFE),
polyvinylidene fluoride (PVDF), unsaturated polyester (UPE), polycarbonate (PC), and
polypropylene (PP), etc. In various illustrative embodiments, the porous membrane exhibits
hydrophobic behavior under normal conditions. The hydrophobicity of the membrane
facilitates separation of gas or bubbles from the liquid under the applied pressure differential.
[0030] As illustrated in FIG. 1, the membrane 300 is positioned at a degassing area 210 in
the fluidic device 200, which, in this embodiment, is disposed above the optical measurement
chamber 202¢ when the fluid device 200 is viewed from above (as in FIG. 1). Further
embodiments may include a plurality of membranes that are disposed at a plurality of
degassing areas in the fluidic device 200.

[0031] The pores of each individual membrane may be differently dimensioned. The
dimensions of the pores influence a pressure profile in the fluidic device, which refers to

pressure characteristics over time in the fluidic device. The pressure profile of a specific
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device is dependent on a number of factors including the flow rate, membrane properties,
membrane thickness and pore sizes, and fluid properties. Generally speaking, the average
size of the pores of a membrane 300 has an inverse relationship with the internal pressure
needed within the fluidic device 200 to force gas, but not liquid, through the membrane. The
individual membrane may be designed to with pore dimensions and thickness optimizes for a
predefined operating pressure or pressure range in the fluidic device. According to an
embodiment, the pore size may be in a range of 1 um to 20 um. According to an embodiment,
the pressure may be in a range of 0 psi to 10 psi. For example, for a 10 um pore size
membrane, with a pressure in a range of 0 psi to 5 psi, a degassing flow rate may go up to 50
ul/s. In an example, for a 10 um pore size membrane, the flow rate may be 20 ul/s.

[0032] According to an exemplary embodiment, the membrane 300 may be disposed at
any locations along the fluidic device 200 where bubble-free filling is critical for metering,
mixing, fluid control, reaction, and detection. For example and without limitations, the
membrane 300 may be disposed on at least one fluidic channel 204 or may be disposed over
at least one of the fluidic chamber 202a-c.

[0033] The pressure in the fluidic device 200 is controlled by the fluid control device 400
which is connected to the fluidic device 200. The fluid control device 400 is connected to a
point in the fluidic device 200 via a connecting element 402. In further embodiments, a
plurality of fluid control devices may be connected to different points in the fluidic device
200. In still further embodiments, a single fluid control device may be connected to the
fluidic device 200 via a plurality of connecting elements at a plurality of different locations in
the fluidic device 200.

[0034] According to an exemplary embodiment illustrated in FIG. 1, the fluid control
device 400 may comprises a pump 408, a pressure sensor 404, and a feedback control 406.
The pump 400, for example, may be a syringe pump, a peristaltic pump, a piezoelectric
pump, or the like, which provides a required flow rate. The connecting element 402 for
connecting the fluid control device 400 to the fluidic device 200 may be a tube or hose. As
understood by one skilled in the art, additional fluid control elements, such as built-in or
external valves 212, may be arranged at different points in the fluidic device 200 based on the
specific assay to be performed. The discussion of such elements is omitted herein.

[0035] As illustrated in FIG. 1, the pressure sensor 404 monitors a pressure profile in the
fluidic device 200. In the illustrated embodiment the pressure sensor 404 is disposed at the
connecting element 402. The pressure sensor 404 may alternately be disposed at a location

internally within the fluidic device 200. For example, the pressure sensor may be disposed at
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ports in the fluidic device, such as sample port, gas vents, etc. A pressure sensor may be
construed to be a device or collection of devices that are capable of directly or indirectly
measuring a pressure in the fluidic device 200. The pressure variation measured by the
pressure sensor may be correlated with the pressure difference between the two sides of the
membrane 300.

[0036] As illustrated in FIG. 1, the fluid control device 400 may comprise a feedback
control 406. The pressure sensor 404 may be connected to the feedback control 406 via a
connection, which may include a wire connection or a wireless connection. The feedback
control 406 may comprise a controller, such as a proportional integral-derivative (PID)
controller or programmable logic controller (PLC), among others.

[0037] FIG. 2 illustrates a cross-sectional view of a fluidic device 400 according to an
exemplary embodiment of the present invention. As illustrated in FIG. 2, the fluidic device
400 resembles fluid device 200 and comprises a fluidic chamber 202 and a fluidic channel
204 which allows fluid 208 to flow through the fluid device 400 to the fluidic chamber 202c.
According to an exemplary embodiment, areas of gas 206 may be present in in fluidic
channel 204 in-between areas of liquid 208. While not depicted in FIG. 2, it should be
understood that gas 206 bubbles may also be present in the liquid 208. Liquid 208B in Fig. 2
represents a second type of liquid in fluid channel 204 that is different from liquid 208 and is
separated by a segment of gas 206.

[0038] As illustrated in FIG. 2, a membrane 300 is disposed at a degassing area 210,
which is disposed over a fluidic chamber 202¢ of the fluidic device 400. For example, the
degassing arca 210 is disposed over an optical measurement chamber 202¢ in an optical
measurement zone where is the presence of gas is undesirable. Alternative embodiments
include the membrane 300 disposed over one or more, up to all, of the sample metering
chamber 202a or reaction chamber 202b. According to the exemplary embodiment depicted
in FIG. 2, interior facing first side 302 of the membrane 300 faces the optical measurement
chamber 202¢ thus allowing any gas 206 or bubbles in the optical measurement chamber
202c¢ to escape through the membrane 300. Thus, while not depicted in Fig. 2, as liquid 208
or 208B fills the optical measurement chamber 202¢ gas 206 or bubbles are forced out
through the membrane 300. As shown in Fig. 2, a support member 310 may also be
positioned over the top of membrane 300. The support member 310 may be position so as to
help hold the membrane 300 in place. The support member 310 may be made from any
suitable material and configured to allow gas to move freely through it. For example, the

porous support member 310 may be porous or have holes extending there through such that
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gas to move from the optical measurement chamber 202¢, through the membrane and then
through the support member 310.

[0039] FIG. 3 illustrates a cross-sectional view of a fluidic device 500 according to
another exemplary embodiment of the present invention. As illustrated in FIG. 3, a membrane
300 is disposed at a degassing area 210 above a fluidic channel 204 of the fluidic device 500,
which is located upstream of the optical measurement chamber 202c. Accordingly, gas or
bubbles may escape through the membrane 300 in fluidic device 500 before reaching the
optical measurement chamber 202c. Thus, while not depicted in Fig. 3, as liquid 208 fills the
optical measurement chamber 202c gas 206 or bubbles are forced out through the membrane
300.

[0040] According to an exemplary embodiment, the membrane 300 is attached to the any
one of fluidic devices 200, 400, and 500 by way of an attachment mechanism 308. As
illustrated in FIG. 2, the membrane 300 is attached to the device 200 at the first side 302 by a
bonding agent 308. The membrane 300 may be attached to the fluidic device 200 by other
bonding mechanisms 308, for example, but not limited to, adhesives, thermal bonding or
ultrasonic bonding.

[0041] In FIGS. 2 and 3, the pressure acting on the first side 302 of the membrane 300 is
indicated as P1, while the pressure acting on the second side 304 of the membrane 300 is
indicated as P2. The pressure difference (P1-P2) between the two sides 302, 304 of the
membrane 300 is controlled by, in certain illustrative embodiments, the one or more fluid
control device 400 such that the pressure acting on the first side 302 (P1) exceeds the
pressure acting on the second side 304 (P1>P2). Under application of a positive pressure
difference between the first side 302 and the second side 304 of the membrane 300 (i.e.,
where P1-P2 is greater than zero), there is a tendency of the liquid 208 along with the gas 206
to push against the first side 302 of the membrane 300. However, it has been found it takes a
relatively low positive pressure differential to expel the gas 206 through the pores 306 of the
membrane 300 as compared to the high positive pressure differential it takes for the liquid
208 to flow out through the pores 306 of the membrane 300.

[0042] A threshold pressure differential refers to the highest positive pressure differential
that, when applied across the two sides 302, 304 of the membrane 300, is sufficient to allows
gas 206 to flow through the pores 306 of the membrane 300 but not the liquid 208. The
threshold pressure differential is a function of several different factors, such as, but not
limited to, the distance between the two sides 302, 304 of the membrane 300, the type of

liquid 208, the configuration of the fluid device, and the characteristics of the membrane
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itself. In one embodiment, membrane 300 is made of a hydrophobic material, which requires
a higher pressure differential (P1-P2), as compared to a non-hydrophobic membrane 300, to
be applied to the membrane 300 in order for the liquid 208 to flow through the pores 306 of
the membrane 300. Using a hydrophobic membrane thus allows the one or more fluid control
devices 400 to operate at a higher pressure, whereby a higher flow rate may be established in
any one of fluidic devices 200, 400, and 500. The threshold pressure differential may be also
be impacted by reducing/increasing the pore size of the membrane 300 or
increasing/decreasing the distance between the two sides 302, 304.

[0043] In certain embodiments discussed herein, the one or more fluid control devices
400 are arranged to apply a positive pressure P1 on the first side 302 of the membrane 300,
while second side 304 of the membrane 300 may be exposed to an ambient pressure P2.
Alternatively, instead of applying a positive pressure P1 on the first side 302 of the
membrane 300, a negative pressure P2 may be applied to second side 304 of the membrane
300, for example, by way of a vacuum pump connected to the second side 304 of the
membrane to achieve a sufficient pressure differential for gas 206, but not liquid 208, to flow
through membrane 300. In a further embodiment, a combination of the above may be applied.
An underlying feature of the mentioned embodiments is to ensure that P1>P2, and that the
differential pressure across the membrane (P1-P2) is below the applicable threshold value to
prevent the liquid 208 flowing through the pores 306.

[0044] An illustrative degassing method is based on applying a sufficiently low pressure
differential between the two sides 302, 304 of the membrane 300 (P1-P2) until the gas or
bubbles 206 in the liquid 208 have been substantially removed but the liquid 208 kept inside
the fluid device. To this end, a pressure profile which indicates a pressure build up in the
fluidic device 200 over time is monitored. The application of pressure by the one or more
fluid control devices 400 is controlled by the feedback control 406 using the pressure value
measured by the pressure sensor 404 as an input.

[0045] FIG. 4 graphically illustrates an example of a pressure profile 500 inside a fluidic
device 200. The pressure profile 500 is a plot of the measured pressure in the fluidic device
200 versus time.

[0046] An exemplary method for degassing a fluidic device 200 of Fig. 1 with the aid of
a fluid control device 400 will now be described in conjunction with FIG. 4.

[0047] During an operation of the fluidic device 200, a liquid 208 is, transported through
the fluidic device 200 by a fluid control device 400. Gas 206 (or bubbles) may be formed in
the fluidic device 200 of the fluid system. Gas 206 formed in the fluidic device 200 may
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interfere with an assay performance of the fluidic device 200 as well as fluid control of the
fluid system 100. Thus it is beneficial to remove as much of the gas as possible.

[0048] According to an exemplary embodiment, the fluid control device 400 is activated
to apply a pressure differential between the first side 302 and the second side 304 of the
membrane 300 during filling and degassing. This pressure differential is precisely chosen
such that it is high enough to allow gas 206 to escape through the membrane 300 while
staying below an applicable threshold value which would cause the liquid 208 the fluidic
device 200 to flow out through the pores 306 of the membrane 300 as well. Thus at pressure
differentials below the threshold value, the membrane 300 is permeable to the gas 206 and is
impermeable to the liquid 208. Gas 206 in the fluidic device 200 is therefore removed
through the membrane 300 under the applied pressure differential.

[0049] The degassing method may comprise applying a low pressure differential between
the first side 302 and second side 304 of the membrane 300 by continuous pumping. For
example and without limitations, the low pressure differential may be less than 0.2 psi, as
illustrated in FIG. 4. This is indicated by a substantially flat portion 502 in the pressure
profile 500. The applied pressure differential is high enough to pump the gas 206 through the
pores 306 of the membrane 300, but is not high enough to expel the liquid 208 through the
pores 306. When gas 206 has been substantially expelled through the pores 306, the pressure
differential between the two sides 302, 304 of the membrane 300 begins to increase. This is
indicated by a rising ramp 504 in the pressure profile 500. The point in time tyansition Where the
pressure profile 500 changes from substantially flat 502 to a rising ramp 504 is identified as
an end point of the degassing operation, indicating that the gas 206 trapped in the liquid 208
has been substantially removed. Beyond this point tiansition, Named as a transition point, the
fluid control device 400 may be deactivated, for example, to prevent the liquid 208 from
being removed through the pores 306 of the membrane 300.

[0050] According to an exemplary embodiment, a pressure of the liquid 208 in the fluidic
device 200 may be measured by a pressure sensor 404 disposed along the fluidic device 200.
A pressure profile 500 which indicates the pressure in the fluidic device 200 over time is thus
monitored. The feedback control 406 operates the pump 408 based on the monitored pressure
profile 500. For example, the feedback control 406 may activates the pump 400 for a time
period for degassing gas 206 through the membrane 300 whereby the pressure profile 500 is
in a substantially flat portion 502. The feedback control 406 may deactivate the pump 400
when the pressure profile 500 is in a rising ramp 504 to prevent the liquid 208 from being
removed through the pores 306 of the membrane 300.
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[0051] The above illustrated method provides a simple and effective solution for
degassing and removing gas (or bubbles) in fluidic devices by using a porous membrane, in
particular, a hydrophobic membrane, where bubble-free sample, reagents or mixture are
critical to metering, mixing, fluid control, reaction, and detection. Gas or bubbles penetrates
the membrane at a low pressure while liquids require a higher pressure to penetrate the
membrane.

[0052] According to an exemplary embodiment, a fluidic device disclosed enables
degassing of large volume of gas or bubbles in a fluidic channel or a fluidic chamber at a high
flow rate. The fluidic device disclosed uses a porous membrane to remove gas or bubbles in a
fluidic channel or a fluidic chamber through the membrane under a proper pressure
differential, as opposed to the state of the art which uses micro fabricated structures to trap
the gas or bubbles in a fluidic channel or a fluidic chamber. The fluidic device disclosed is
easy to implement, manufacture, and of low cost. The fluidic device disclosed includes a
broad working pressure range which offers higher flexibility for implementation. Pressure
range may be further increased by appropriate design of pore size, or by use of a hydrophobic
membrane.

[0053] According to an exemplary embodiment, the porous membrane may work as a
deflector when used in the optical measurement chamber. The disclosed method provides a
bubble-free filling with an aid of the pressure feedback which may facilitate a high precision
sample metering in a fluidic channel or chamber, as opposed to the state of the art which uses
transmissive or reflective optical sensor. A high precision sample metering may be achieved
using the disclosed method in miniature devices, such as microfluidics and lab-on-a-chip
devices.

[0054] While specific embodiments have been described in detail, those with ordinary
skill in the art will appreciate that various modifications and alternative to those details could
be developed in light of the overall teachings of the disclosure. For example, elements
described in association with different embodiments may be combined. Accordingly, the
particular arrangements disclosed are meant to be illustrative only and should not be
construed as limiting the scope of the claims or disclosure, which are to be given the full
breadth of the appended claims, and any and all equivalents thereof. It should be noted that
the term "comprising” does not exclude other elements or steps and the use of articles "a" or
"an" does not exclude a plurality.

[0055] The following is a list of non-limiting illustrative embodiments of the inventive

concepts discloses herein:



WO 2015/195636 PCT/US2015/035988
13

[0056] 1. A fluid system comprising: a fluidic device; a fluid control device connected to
the fluidic device for controlling a flow of liquid in the fluidic device; and a membrane
disposed at a degassing area of the fluidic device for removing gas contained in the liquid,
wherein the membrane comprises a plurality of pores, wherein the membrane comprises two
sides with one side facing the liquid, wherein the fluid control device is configured to
generate a positive pressure differential between the two sides of the membrane when
activated, and wherein the me