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LAMINATE FLUIDIC CIRCUIT FOR A FLUID CARTRIDGE
CROSS REFERENCE OF RELATED APPLICATION

[0001] This application claims the benefit of the filing date of United States provisional
patent application Serial No. 62/768,278 filed November 16, 2018, the disclosure of which is

incorporated herein by reference.

BACKGROUND

[0002] Various assay protocols for clinical and molecular processes are implemented by
installing cartridges holding various types of fluids into a processing instrument (e.g., sequencer),
where the various types of fluids are selectively delivered to a fluidic device to conduct one or more
fluid operations, such as mixing, processing, reaction, detection, etc. Typically, the cartridges
include various fluidic elements, such as pumps, channels, manifolds, and valves, to allow the
processing instrument to meter out and deliver a selected fluid to the fluidic device. To provide the
cartridge all the necessary fluidic elements, some cartridges are formed out of an injected molded
plastic body, in which grooves are formed along the surface of the plastic body and sealed by a
plastic film or a foil that is applied over the surface of the plastic body to form fluid channels within
the cartridge. However, forming the cartridge out of a rigid plastic body, such as an injected molded

plastic, can result in a longer development cycle.

SUMMARY

[0003] The following presents a simplified summary in order to provide a basic
understanding of some aspects described herein. This summary is not an extensive overview of the
claimed subject matter. It is intended to neither identify key or critical elements of the claimed
subject matter nor delineate the scope thereof. Its sole purpose is to present some concepts in a

simplified form as a prelude to the more detailed description that is presented later.
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[0004] Aspects of the disclosure encompass an apparatus comprising a fluid reservoir and a
laminate fluidic circuit positioned above the fluid reservoir. The laminate fluidic circuit comprises
two or more layers laminated together to define a substantially planar substrate, one or more
channels defined within the substrate, and a flexible conduit defined by a portion of the substrate
encompassing an extent of at least one of the channels that is partially separated or separable from
the remainder of the substrate. The flexible conduit comprises the portion of the substrate and the
encompassed extent of the channel. The flexible conduit is deflectable with respect to the planar
substrate toward the fluid reservoir such that the flexible conduit fluidly connects the at least one

channel to the fluid reservoir.

[0005] Aspects of the disclosure encompass an method comprising a process of forming a
channel in a the first layer, a process of laminating one or more layers to the first layer to form a
planar, multilayer substrate such that the channel is defined within the substrate, and a process of
disrupting a portion of the substrate encompassing an extent of the channel so that the disrupted
portion is partially separated or separable from the remainder of the substrate to form a flexible
conduit comprising the portion of the substrate and the encompassed extent of the channel, wherein

the flexible conduit is deflectable with respect to the planar substrate.

[0006] In some examples the process of forming the channel in the first layer comprises
forming a groove in a surface of the first layer, and the one or more layers laminated to the first
layer encloses the groove. In some examples, the process of forming the channel in the first layer
comprises forming a slot through the first layer, and the one or more layers laminated to the first

layer encloses the slot.

[0007] Aspects of the disclosure encompass an apparatus comprising two or more layers
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laminated together to define a substantially planar substrate; one or more channels defined within
the substrate, and a flexible conduit defined by a portion of the substrate encompassing an extent of
at least one of the channels that is partially separated or separable from the remainder of the
substrate. The flexible conduit comprising the portion of the substrate and the encompassed extent

of the channel, wherein the flexible conduit is deflectable with respect to the planar substrate.

[0008] Other features and characteristics of the subject matter of this disclosure, as well as
the methods of operation, functions of related elements of structure and the combination of parts,
and economies of manufacture, will become more apparent upon consideration of the following
description and the appended claims with reference to the accompanying drawings, all of which
form a part of this specification, wherein like reference numerals designate corresponding parts in

the various figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] The accompanying drawings, which are incorporated herein and form part of the
specification, illustrate various examples of the subject matter of this disclosure. In the drawings,

like reference numbers indicate identical or functionally similar elements.

[0010] FIG. 1 is a perspective view of an apparatus comprising a laminate fluidic circuit

covering a tray that includes a plurality of fluid reservoirs.

[0011] FIG. 2 is an exploded perspective view of three layers used to construct an example

laminate fluidic circuit shown in FIG. 1.

[0012] FIG. 3 is a perspective view of the three layers laminated together to form an

example multilayer substrate shown in FIG. 1.
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[0013] FIG. 4 is a perspective view of the example laminate fluidic circuit shown in FIG. 1,

in which laminate fluidic circuit includes flexible conduits set at undeflected positions.

[0014] FIG. 5 is a perspective view of the example laminate fluidic circuit shown in FIG. 1,

in which laminate fluidic circuit includes flexible conduits set at deflected positions.

[0015] FIG. 6 is a schematic partial top view of an example laminate fluidic circuit

comprising a multilayer substrate that includes flexible conduits formed by cutouts.

[0016] FIG. 7 is a schematic cross-sectional view of an example laminate fluidic circuit

taken along line A-A in FIG. 6.

[0017] FIG. 8 is a schematic cross-sectional view of the example laminate fluidic circuit

taken along line B-B in FIG. 6.

[0018] FIG. 9 is a schematic cross-sectional view of an example laminate fluidic circuit

taken along line A-A in FIG. 6.

[0019] FIG. 10 is a schematic cross-sectional view of the example laminate fluidic circuit

taken along line B-B in FIG. 6.

[0020] FIG. 11 is a schematic partial top view of an example laminate fluidic circuit

comprising a multilayer substrate that includes flexible conduits formed by score lines.

[0021] FIG. 12 is a schematic cross-sectional view of an example laminate fluidic circuit

along line C-C in FIG. 11.

[0022] FIG. 13 is a schematic cross-sectional view of an example laminate fluidic circuit

along line C-C in FIG. 11.
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[0023] FIG. 14 is a side view of the apparatus comprising a laminate fluidic circuit and a
tray that includes a first fluid reservoir and a plurality of second fluid reservoirs disposed within the

first fluid reservoir.

[0024] FIG. 15 is an exploded view of the apparatus shown in FIG. 14.

[0025] FIG. 16 is a schematic cross-sectional view of an example apparatus comprising a
tray, a laminate fluidic circuit mounted on the tray, and a rigid cover disposed on the laminate

fluidic circuit.

[0026] FIG. 17 is a flow chart of an example method of assembling a fluid cartridge

comprising a laminate fluidic circuit and at least one fluid reservoir.

DETAILED DESCRIPTION
[0027] While aspects of the subject matter of the present disclosure may be embodied in a
variety of forms, the following description and accompanying drawings are merely intended to
disclose some of these forms as specific examples of the subject matter. Accordingly, the subject
matter of this disclosure is not intended to be limited to the forms or examples so described and

illustrated.

[0028] Unless defined otherwise, all terms of art, notations and other technical terms or
terminology used herein have the same meaning as is commonly understood by one of ordinary skill
in the art to which this disclosure belongs. All patents, applications, published applications and
other publications referred to herein are incorporated by reference in their entirety. If a definition
set forth in this section is contrary to or otherwise inconsistent with a definition set forth in the
patents, applications, published applications, and other publications that are herein incorporated by

reference, the definition set forth in this section prevails over the definition that is incorporated

5



WO 2020/102521 PCT/US2019/061461

herein by reference.

[33e 1)

[0029] Unless otherwise indicated or the context suggests otherwise, as used herein, “a” or

“an” means “at least one” or “one or more.”

[0030] This description may use relative spatial and/or orientation terms in describing the
position and/or orientation of a component, apparatus, location, feature, or a portion thereof. Unless
specifically stated, or otherwise dictated by the context of the description, such terms, including,
without limitation, top, bottom, above, below, under, on top of, upper, lower, left of, right of, in
front of, behind, next to, adjacent, between, horizontal, vertical, diagonal, longitudinal, transverse,
radial, axial, etc., are used for convenience in referring to such component, apparatus, location,

feature, or a portion thereof in the drawings and are not intended to be limiting.

[0031] Furthermore, unless otherwise stated, any specific dimensions mentioned in this
description are merely representative of an example implementation of a device embodying aspects

of the disclosure and are not intended to be limiting.

[0032] The use of the term “about” applies to all numeric values specified herein, whether or
not explicitly indicated. This term generally refers to a range of numbers that one of ordinary skill
in the art would consider as a reasonable amount of deviation to the recited numeric values (i.e.,
having the equivalent function or result) in the context of the present disclosure. For example, and
not intended to be limiting, this term can be construed as including a deviation of +10 percent of the
given numeric value provided such a deviation does not alter the end function or result of the value.
Therefore, under some circumstances as would be appreciated by one of ordinary skill in the art a

value of about 1% can be construed to be a range from 0.9% to 1.1%.
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[0033] As used herein, the term “adjacent” refers to being near or adjoining. Adjacent
objects can be spaced apart from one another or can be in actual or direct contact with one another.
In some instances, adjacent objects can be coupled to one another or can be formed integrally with

one another.

[0034] As used herein, the terms “substantially” and “substantial” refer to a considerable
degree or extent. When used in conjunction with, for example, an event, circumstance,
characteristic, or property, the terms can refer to instances in which the event, circumstance,
characteristic, or property occurs precisely as well as instances in which the event, circumstance,
characteristic, or property occurs to a close approximation, such as accounting for typical tolerance

levels or variability of the examples described herein.

[0035] As used herein, the terms “optional” and “optionally” mean that the subsequently
described, component, structure, element, event, circumstance, characteristic, property, etc. may or
may not be included or occur and that the description includes instances where the component,
structure, element, event, circumstance, characteristic, property, etc. is included or occurs and

instances in which it is not or does not.

[0036] According to various examples, assemblies and devices as described herein may be
used in combination with a fluid cartridge that may comprise one or more fluid processing
passageways including one or more elements, for example, one or more of a channel, a branch
channel, a valve, a flow splitter, a vent, a port, an access area, a via, a bead, a reagent containing
bead, a cover layer, a reaction component, any combination thereof, and the like. Any element may

be in fluid communication with another element.

[0037] All possible combinations of elements and components described in the specification
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or recited in the claims are contemplated and considered to be part of this disclosure. It should be
appreciated that all combinations of the foregoing concepts and additional concepts discussed in
greater detail below (provided such concepts are not mutually inconsistent) are contemplated as
being part of the inventive subject matter disclosed herein. In particular, all combinations of
claimed subject matter appearing at the end of this disclosure are contemplated as being part of the

inventive subject matter disclosed herein.

[0038] In the appended claims, the term “including” is used as the plain-English equivalent
of the respective term “comprising.” The terms “comprising” and “including” are intended herein to
be open-ended, including not only the recited elements, but further encompassing any additional
elements. Moreover, in the following claims, the terms “first,” “second,” and “third,” etc. are used

merely as labels, and are not intended to impose numerical requirements on their objects.

[0039] The term "fluid communication" means either direct fluid communication, for
example, two regions can be in fluid communication with each other via an unobstructed fluid
processing passageway connecting the two regions or can be capable of being in fluid
communication, for example, two regions can be capable of fluid communication with each other
when they are connected via a fluid processing passageway that can comprise a valve disposed
therein, wherein fluid communication can be established between the two regions upon actuating the
valve, for example, by dissolving a dissolvable valve, bursting a burstable valve, or otherwise

opening a valve disposed in the fluid processing passageway.

[0040] The term "lyophilization" refers to a dehydration process that is typically used to
preserve a perishable material and/or facilitate transport thereof. Conditions for lyophilization may

include subjecting a liquid material and/or a vessel containing the liquid material to freezing
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conditions while reducing the surrounding pressure to allow the frozen water within the material to
sublimate directly from the solid phase to the gas phase. Such freezing conditions may include
cooling the material below the lowest temperature at which the solid and liquid phases thereof can
coexist (known in the art as the "triple point"). Usually, the freezing temperatures are between —50
°C and —80 °C, however, one of skill in the art can determine the appropriate freezing temperature to

lyophilize the reagent for use in the automated biochemical assay.

Fluid Cartridge

[0041] There is a need for improved fluid cartridge apparatuses that allow modifications to
the design of the fluidic circuit to be implemented quickly without substantively extending the
development cycle of the fluidic cartridge. An improved fluidic cartridge may include reagent
reservoirs below corresponding fluidic circuits, thereby eliminating valving that may be
implemented for cartridge designs storing reagents above the fluidic circuit. Such a design can
enable the fluidic cartridge to transport reagents in liquid form as the position of the fluidic circuit

with respect to the reagent reservoirs limits or stops the egress of the reagent.

[0042] According to various examples, an apparatus comprises a fluid cartridge holding
various types of fluids (e.g., reagents, buffer, reaction media) and configured to interface with a fluid
processing instrument, such that the fluid cartridge allows the stored fluids to be selectively
delivered to a region of interest to undergo one or more fluid operations (e.g., mixing, processing,
reaction, detection). The fluid cartridge comprises at least one fluid reservoir for holding a fluid and
a laminate fluidic circuit positioned above the fluid reservoir. The laminate fluidic circuit comprises
a substantially planar, multilayer substrate, one or more channels defined within the multilayer

substrate, and a flexible conduit defined by a portion of the multilayer substrate that encompasses an
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extent of a respective channel and is partially separated or separable from the remainder of the
substrate, such that the flexible conduit is configured to be deflected with respect to the multilayer
substrate toward the fluid reservoir to fluidly connect the one or more channels to the fluid reservoir.
Accordingly, the laminate fluidic circuit allows fluid to be stored below the multilayer substrate.
Furthermore, the laminate fluidic circuit allows modifications to be easily applied to the multilayer
substrate by adding more layers to the substrate and forming more channels out of the additional

layers.

[0043] As shown in FIG. 1, an example apparatus comprises a fluid cartridge 100 for
holding and directing various types of fluids for a fluid operation. In some examples, the fluid
cartridge 100 comprises a tray 110 defining one or more fluid reservoirs for holding the various
types of fluids and a laminate fluidic circuit 120 operatively mounted on the tray 110 such that
laminate fluidic circuit 120 allows the various types of fluids held in the tray 110 to be directed from

the one or more fluid reservoirs to be used for one or more fluid operations.

[0044] In various examples, the tray 110 comprises one or more fluid reservoirs 112, in
which each fluid reservoir 112 holds a fluid that is intended to be used during a designated fluid
operation. In some examples, each fluid reservoir 112 comprises a bottom and one or more walls
extending from the bottom, such that the fluid reservoir 112 encloses a space to hold a fluid. In
some examples, the reservoirs 112 may have variable sizes depending on the volume of the fluid to

be used for a designated fluid operation.

[0045] In various examples, the laminate fluidic circuit 120 comprises a substantially planar,
multilayer substrate 122 that is configured to be mounted on the tray 110 and be disposed above the

fluid reservoir(s) 112. In various examples, the laminate fluidic circuit 120 comprises one or more

10
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channels 124 defined within the multilayer substrate 122 that transmit fluid within the substrate 122
and to other devices fluidly connected to laminate fluidic circuit 120. In various examples, the
laminate fluidic circuit 120 comprises one or more flexible conduits 126 that fluidly connect the
channels 124 to the fluid reservoirs 112 of the tray 110 when deflected into the fluid reservoirs 112.
In various examples, the flexible conduits 126 are configured to permit fluid to be aspirated from an
associated fluid reservoir 112, such that the fluid held in the fluid reservoir 112 may be transmitted
to the channels 124 disposed within the multilayer substrate 122. In various examples, the
dimensions of the channels 124 and the flexible conduit 126 may include high aspect ratios (e.g.,
length / inner diameter > 5) to promote more efficient fluid flow through the laminate fluidic circuit.
In various examples, the length of the flexible conduit 126 is selected so that the flexible conduit
126 reaches the bottom of fluid reservoirs 112 to ensure complete extraction of fluid reagents held in
the fluid reservoir 112. In some examples, each flexible conduit 126 can contain more than one
channel 124 therein. For instance, each flexible conduit 126 can include two channels 124, such as
an inlet channel and an outlet channel. The inlet channel can introduce a fluid, such as another
reagent or air, to the fluid contained within the corresponding fluid reservoir 112. In some instances,
the inlet channel can introduce more than one reagent into the corresponding fluid reservoir 112 to
utilize the fluid reservoir 112 as a mixing reservoir. In some instances, the inlet channel can
introduce air into the corresponding fluid reservoir 112. The introduced air can be used to bubble,
mix, and/or pressurize the fluid within the corresponding fluid reservoir 112. In some instances, a

heated or cooled volume of air can be introduced to control the temperature of the fluid therein.

[0046] In some examples, the flexible conduits 126 are defined by one or more cutouts 128
formed through the multilayer substrate 122. Each cutout 128 partially surrounds a portion of the

multilayer substrate 122 encompassing an extent of a respective channel 124, such that the portion

11
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of the substrate 122 is partially separated from the remainder of the substrate 122. Each flexible
conduit 126 is defined by the portion of the multilayer substrate 122 partially separated from the

remainder of the substrate 122 and encompassing the extent of the respective channel 124.

[0047] When the laminate fluidic circuit 120 is operatively mounted on the tray 110, the
multilayer substrate 122 is aligned to the tray 110 in a way that places each cutout 128 and flexible
conduit 126 above a corresponding fluid reservoir 112. In various examples, the flexible conduit
126 is configured to be deflected (e.g., manually or by an automated device) with respect to the
multilayer substrate 122 toward its corresponding fluid reservoir 112. When deflected toward its
corresponding fluid reservoir 112, the flexible conduit 126 fluidly connects the respective channel
124 to its associated fluid reservoir 112. The deflection of the flexible conduit 126 can include
bowing, bending, curving, or otherwise moving at least a portion of the flexible conduit into the
fluid reservoir 112 while the channel within the flexible conduit 126 remains intact to allow fluid
flow of fluid from within the fluid reservoir 112, through the channel in the flexible conduit 126,

and into one or more channels 124 of the multilayer substrate 122.

[0048] In various examples, the laminate fluidic circuit 120 comprises a port 130 fluidly
connected to one of the fluid reservoirs 112 that is not exposed by one of the cutouts 128. In some
examples, the port 130 comprises an opening formed through multilayer substrate 122 and fluidly

connected to the one or more channels 124.

[0049] In various examples, the fluid cartridge 100 comprises a fluidic device 140 (e.g., flow
cell) fluidly connected to the one or more channels 124 such that the laminate fluidic circuit 120
allows fluid to be selectively transmitted between the fluid reservoirs 112 and the fluidic device 140.

In various examples, the fluidic device 140 may include a fluid inlet 142 connected to one of the

12
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channels 124, a fluid outlet 144 connected to one of the channels 124, and/or one or more fluid
passages (not shown) fluidly connected to the fluid inlet 142 and the fluid outlet 144 to allow fluid
processing, such as a chemical or biochemical assay or other reaction, to take place. In various
examples, the fluidic device 140 is configured to allow the introduction of various types of fluids
(e.g., reagents, buffers, reaction media) into the fluid inlet 142 to undergo fluid processing within the
one or more fluid passages. In various examples, fluidic device 140 is further configured to allow
the various types of fluids to be flushed out of the one or more fluid passages through the fluid outlet

144.

[0050] The fluidic device 140 may be an integral part of the laminate fluidic circuit 120, the
fluidic device 140 may be removably attached or coupled to the laminate fluidic circuit 120, (e.g.,
via fluidic connectors connecting the fluid inlet 142 and fluid outlet 144 to the channels 124 defined
within the substrate 122), and/or the fluidic device 140 may be a separate device that is positioned

remote from the laminate fluidic circuit 120.

[0051] In some examples, the laminate fluidic circuit 120 comprises one or more electrical
contacts 150 disposed along the multilayer substrate 122 and configured to receive power from a
power source. In some examples, the laminate fluidic circuit 120 comprises one or more electrodes
(not shown) disposed on the flexible conduit 126 and electrically connected to the electrical contacts
150 via one or more electric paths formed in and/or on the laminate fluidic circuit 120. In some
examples, as shown in FIGS. 6 — 8, each flexible conduit 126 comprises at least two electrodes

132a, 132b that serve as terminals in an open circuit. Accordingly, when the flexible conduit 126 is
deflected into the fluid reservoir 112, the fluid contacting the electrodes serve as a conductive body,
such that the electrodes allow the fluid level or the presence of fluid held in the fluid reservoir 112 to

be detected by a processing instrument operatively associated with the fluidic cartridge 100. For
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example, the processing instrument could detect the liquid level capacitively, by detecting a
capacitive signal between the open circuit that changes when the flexible conduit 126 and electrodes
132a, 132b come in contact with liquid. In some examples, the electrodes disposed on the flexible
conduit 126 serve as an electrical heater to heat the fluid held in the fluid reservoir 112. In some
implementations, other electric components can be disposed in and/or on the flexible conduit 126

(e.g., a sensor, a MEMS device, etc.).

[0052] FIGS. 2-5 show a three layer construction of the laminate fluidic circuit 120
according to the example shown in FIG. 1. As shown in FIG. 2, the laminate fluidic circuit 120
comprises a first layer 201, a second layer 202, and a third layer 203 superposed to each other. The
first layer 201 is disposed between the second layer 202 and the third layer 203 and comprises one
or more slots 204 formed through the first layer 201. In some examples, the first layer 201 can also,
or in the alternative to the one or more slots 204, include channels, depressions, or other features
formed in the first layer 201. In some examples, portions 210, 214 are trimmed at one end of each
of the layers 201-203 to form the fluidic device 140. In some examples, each of the layers 201-203
comprises a polymeric material (e.g., plastic), such as polyethylene terepthalate (PET),
polymethylmethacrylate (PMMA), polycarbonate, polyvinylchloride (PVC), polydimethylsiloxane

(PDMS), cyclic olefin copolymer (COP), and the like.

[0053] Referring to FIG. 3, the first, second, and third layers 201-203 are laminated together
to form the substantially planar, multilayer substrate 122. In some examples, the first, second, and
third layers 201-203 are laminated together by thermal bonding, solvent bonding, laser welding, or
adhering the sides of the layers 201-203 to each other by applying for example, a pressure sensitive
adhesive to the sides of the layers 201-203. After the layers 201-203 are laminated together, the

second layer 202 and the third layer 203 enclose the slots 204 and/or other features formed in the
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first layer 201 to form the channels 124 defined within the multilayer substrate 122. In some
examples, several channels 124 can be defined for each flexible conduit 126. As the layers 201-203
are laminated together, the trimmed portions 210, 214 are aligned to form the fluidic device 140 at
one end of the multilayer substrate 122. In some implementations, the trimmed portions 210, 214

can be omitted.

[0054] Referring to FIG. 4, selective portions of the multilayer substrate 122 encompassing
an extent of a respective channel 124 are disrupted by forming cutouts 128 through the multilayer
substrate 122. In the illustrative example, the cutouts 128 are shaped (e.g., U-shaped) to partially
surround an extent (e.g., a terminal end) of the channel 124, such that the disrupted portions of the
multilayer substrate 122 are partially separated from the remainder of the multilayer substrate 122,
thereby forming the flexible conduits 126. Each flexible conduit 126 comprises the disrupted
portion of the multilayer substrate 122 and the encompassed extent of its respective channel 124. As
shown in FIG. 4, the flexible conduits 126 are set at undeflected positions, where the flexible
conduits 126 remain substantially aligned (i.e., coplanar) with the multilayer substrate 122. In some
instances, the flexible conduits 126 may be set at the undeflected positions while the laminate fluidic
circuit 120 is transported or shipped separately from the tray 110 to an end user. In some examples,

several channels 124 can be defined for each flexible conduit 126.

[0055] Referring to FIG. 5, the flexible conduits 126 are set at deflected positions such that
the disrupted portion of the multilayer substrate 122 and the encompassed extent of the channel 124
are inclined, curved, bent, or otherwise moved with respect to the remaining planar, multilayer
substrate 122. The flexible conduits 126 may be set at the deflected position once the laminate
fluidic circuit 120 is operatively mounted on the tray 110 to deliver fluid held in the fluid reservoirs

112 to the fluidic device 140.
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[0056] Details of the channels 124 defined within the multilayer substrate 122 and the
flexible conduit 126 partially disrupted from the remainder of the multilayer substrate 122 are shown

in FIGS. 6-13.

[0057] FIG. 6 shows a schematic partial top view of the laminate fluidic circuit 120, in
which the flexible conduits 126 are formed by cutting cutouts 128 through the multilayer substrate
122. In some examples, several channels 124 can be defined for each flexible conduit 126. FIGS.
7 and 8 show a cross-sectional view of a three-layer construction of the multilayer substrate 122
taken along lines A-A and B-B, respectively, in FIG. 6. FIGS. 9 and 10 show a cross-section view
of a two-layer construction of the multilayer substrate 122 taken along lines A-A and B-B,

respectively, in FIG. 6.

[0058] As shown in FIGS. 7 and 8, for a three-layer construction of the multilayer substrate
122, the channel 124 is formed by cutting a slot 704 from an upper surface 706 of a layer 701 to a
lower surface 708 of the first layer 701. The channel 124 is enclosed by securing a mating surface
705 of a second layer 702 to the upper surface 706 of the first layer 701 and a mating surface 707 of
a third layer 703 to the lower surface 708 of the first layer 701. Referring to FIG. 7, each flexible
conduit 126 is formed by cutting the cutout 128 through the first, second, and third layers 701-703.
By cutting the cutout 128 through layers 701-703 of the multilayer substrate 122, sides 712 of the
flexible conduit 126 are separated from the remainder of the multilayer substrate 122. In some
examples, several channels 124 can be defined for each flexible conduit 126. Referring to FIG. 8,
the channel 124 extends away from the flexible conduit 126 along the remainder of the multilayer
substrate 122. As shown in FIG. 8, the channel 124 is defined by the slot 704 extending through the
first layer 701 and enclosed by the mating surface 705 of the second layer 702 and the mating

surface 707 of the third layer 703.
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[0059] As shown in FIGS. 9 and 10, for a two-layer construction of the multilayer substrate
122, the channel 124 is formed by forming a first groove 906 along a mating surface 903 of a first
layer 901 and a second groove 908 along a mating surface 904 of a second layer 902. The channel
124 is enclosed by securing the mating surface 903 of the first layer 901 to the mating surface 904 of
the second layer 902 in a way that aligns the first groove 906 with the second groove 908 to define
the channel 124. In some examples, the channel 124 may be formed by forming a groove along only
one of the mating surfaces of the first and second layers 901, 902 and enclosing the groove with the
mating surface of the other layer 901, 902. Referring to FIG. 9, the flexible conduit 126 is formed
by cutting the cutout 128 through the first and second layers 901 and 902. By cutting the cutout 128
through layers 901, 902 of the multilayer substrate 122, sides 912 of the flexible conduit 126 are
separated from the remainder of the multilayer substrate 122. In some examples, several channels
124 can be defined for each flexible conduit 126. Referring to FIG. 10, the channel 124 extends
away from the flexible conduit 126 along the remainder of the multilayer substrate 122. As shown
in FIG. 10, the channel 124 is defined by the aligned grooves 906, 908 of the first and second layers

901, 902.

[0060] FIG. 11 shows a schematic partial top view of the laminate fluidic circuit 120 in
which the flexible conduits 126 are formed by forming score lines 1102 in or through the multilayer
substrate 122 and partially surrounding an extent (e.g., a terminal end) of the channel 124. In some
implementations, the score lines 1102 may be perforations or other partial cuts, indentations, etc.
formed in the laminate fluidic circuit 120. In some examples, several channels 124 can be defined
for each flexible conduit 126. FIG. 12 shows a cross-sectional view of a three-layer construction of
the multilayer substrate 122 taken along line C-C in FIG. 11. FIG. 13 shows a cross-section view of

a two-layer construction of the multilayer substrate 122 taken along line C-C in FIG. 11.
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[0061] As shown in FIG. 12, under the three-layer construction of the multilayer substrate
122, the channel 124 is formed by cutting a slot 1204 from an upper surface 1206 of a first layer
1201 to a lower surface 1208 of the first layer 1201. The channel 124 is enclosed by securing a
mating surface 1205 of a second layer 1202 to an upper surface 1206 of the first layer 1201 and a
mating surface 1207 of a third layer 1203 to a lower surface 1208 of the first layer 1201. The
flexible conduit 126 is formed by forming a score line 1102 in the multilayer substrate 122, which,
in an example, is formed through one or more of the first, second, and third layers 1201-1203. The
score line 1102 may comprise a partial groove, a perforated line, a linear indent, or any other means
that locally weakens the substrate 122 along the line 1102 and enables the portion of the multilayer
substrate 122 partially surrounded by the score line 1102 to be controllably separated from the
remainder of the substrate 122 upon the application of an external force, such that the score line
1102 defines the sides of the flexible conduit 126. In some examples, several channels 124 can be

defined for each flexible conduit 126.

[0062] As shown in FIG. 13, under the two-layer construction of the multilayer substrate
122, the channel 124 is formed by forming a first groove 1306 along a mating surface 1303 of a first
layer 1301 and a second groove 1308 along a mating surface 1304 of a second layer 1302. The
channel 124 is enclosed by securing the mating surface 1303 of the first layer 1301 to the mating
surface 1304 of the second layer 1304 in a way that aligns the first groove 1306 with the second
groove 1308 to define the channel 124. The flexible conduit 126 is formed by forming a score line
1102 in the multilayer substrate 122, which, in an example, is formed through one or more of the
first and second layers 1301, 1302. Again, the score line 1102 may comprise a partial groove, a
perforated line, a linear indent, or any other means that locally weakens the substrate 122 along the

line 1102 and enables the portion of the multilayer substrate 122 partially surrounded by the score

18



WO 2020/102521 PCT/US2019/061461

line 1102 to be removed from the remainder of the substrate 122 upon the application of an external
force, such that the score line 1102 defines the sides of the flexible conduit 126. In some examples,

several channels 124 can be defined for each flexible conduit 126.

[0063] As shown in FIGS. 14 and 15, in some examples, the tray 110 comprises a first
reservoir 1402 and one or more second reservoirs 1404 (three in the illustrated implementation)
disposed within the first reservoir 1402. The first reservoir 1402 comprises a bottom 1410, a set of
walls 1412 extending from the bottom 1410, and a flange 1414 projecting from the walls 1412 and
surrounding the first reservoir 1402. The second reservoirs 1404 are formed by stamping a plate
1420, such that each second reservoir 1404 comprises a bottom 1422 recessed from the planar
surface of the plate 1420 and a set of walls 1424 extending from the bottom 1422 to the planar
surface of the plate 1420. The plate 1420 is disposed on top of the first reservoir 1402 and
supported by the flange 1414, whereby the second reservoirs 1404 reside within the first reservoir

1402.

[0064] In some examples, the first reservoir 1402 holds a larger volume of fluid than each of
the second reservoirs 1404. In some examples, the first reservoir 1402 holds a fluid, such as a
hydration buffer or a wash solution, that is used more frequently or extensively than the types of
fluid held in the second reservoirs 1404. In some examples, the second reservoir 1404 holds a
lyophilized reagent that is configured to be transformed from a dry state to a liquid state through the
introduction of hydration buffer stored in the first reservoir 1402. In some examples, the second
reservoir 1404 may be empty while the tray 110 is being transported to its destination and when the
tray 110 is initially connected to the multilayer substrate 122. In some examples, the empty second
fluid reservoir 1404 may be used as a mixing well such that the empty second fluid reservoir 114

receives reagent fluid from two or more other fluid reservoirs during a fluid operation. In some
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examples, the empty second fluid reservoir 1404 may be used as a staging well (e.g., cache
reservoir) such that the empty second fluid reservoir 114 holds an aliquot of a reagent fluid that is
stored in another fluid reservoir during a fluid operation. In some examples, the second fluid
reservoirs 1404 can contain liquid reagents that are sealed therein (e.g., sealed therein by a

pierceable foil).

[0065] In some examples, the first reservoir 1402 is not fluidly connected to any of the
flexible conduits 126, but is rather fluidly connected to the channels 124 through the port 130. In
some examples, the tray 110 comprises a conduit 1406 connected to the port 130 of the laminate
fluidic circuit 110 and extending into the first reservoir 1402 such that the conduit 1406 fluidly
connects the first reservoir 1402 to the channels 124. In some examples, each second reservoir 1404
is disposed below a corresponding cutout 128 formed through the substrate 122 of the laminate
fluidic circuit 120 and is fluidly connected to the channels 124 by a corresponding flexible conduit

126. In some examples, the first reservoir 1402 is fluidly connected to a flexible conduit 126.

[0066] FIG. 16 shows a side cross-sectional view of a fluid cartridge 100 according to one
example. In the illustrative example, the laminate fluidic circuit 120 comprises a first layer 1601, a
second layer 1602, and a third layer 1603. The second layer 1602 is disposed between the first layer
1601 and the third layer 1603. The second layer 1602 comprises one or more slots that form the one

or more channels 124 enclosed by the first layer 1601 and the third layer 1603.

[0067] Similar to the examples shown in FIGS. 2 and 3, the tray 110 of FIG. 16 comprises a
first reservoir 1402 and a second reservoir 1404 disposed within the first reservoir 1402. The first
reservoir 1402 may hold a hydration buffer fluid 1622 and is fluidly connected to the laminate

fluidic circuit 120 by the conduit 1406 connected to the fluid port 130. The second reservoir 1404
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may hold a lyophilized reagent 1624 in a dry state. The second reservoir 1404 may be sealed by a
foil 1620 that covers an opening of the second fluid reservoir 1404 such that the foil 1620 prevents
moisture from entering the second reservoir 1404, thereby maintaining the lyophilized reagent 1624
in the dry state. In some examples, the second fluid reservoir 1404 can contain a liquid reagent that

is sealed therein (e.g., sealed therein by a pierceable foil 1620).

[0068] In various examples, as shown in FIG. 16, the fluidic cartridge 100 may comprise a
rigid cover 1610 disposed on the laminate fluidic circuit 120 and opposite to the tray 110. In some
examples, the rigid cover 1610 is comprised of an injection molded plastic material such that the

rigid cover 1610 provides stiffness to multilayer substrate 122 of the laminate fluidic circuit 120.

[0069] In some examples, the rigid cover 1610 comprises a punch 1612 that is configured to
be pivoted with respect to a planar surface 1611 of the cover 1610. When the cover 1610 is
operatively mounted on the laminate fluidic circuit 120, the cover 1610 is aligned to the multilayer
substrate 122 in a way that places the punch 1612 above at least a portion of a corresponding
flexible conduit 126. With the cover 1610 is aligned on the multilayer substrate 122, the punch
1612 may be actuated (e.g., manually or by a machine) to deflect the flexible conduit 126 away from
the multilayer substrate 122 and into a fluid reservoir, such as fluid reservoir 1404 in the present
example. While deflecting the flexible conduit 126, the punch 1612 itself pierces or causes the
flexible conduit 126 to pierce through the foil 1620 covering the second fluid reservoir 1404, such
that the flexible conduit 126 is deflected through the pierced foil 1620 to fluidly connect the
channels 124 to the second fluid reservoir 1604. In some examples, several channels 124 can be

defined for each flexible conduit 126.

[0070] In various examples, the cover 1610 comprises a valve 1614 operatively associated
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with one of the channels 124 and the second fluid reservoir 1404 to control flow between the second
fluid reservoir 1404 and its corresponding channel 124. In some examples, the valve 1614 is a pinch
valve comprised of small rounded dip and may be compressed (e.g., with external pinch rods) to seal

the corresponding channel 124.

Method for Assembling a Fluid Cartridge

[0071] According to various examples, FIG. 17 illustrates a method 1700 for assembling a
fluid cartridge 100 that comprises the laminate fluidic circuit 120 and at least one fluid reservoir

112.

[0072] As shown in FIG. 17, the method 1700 comprises a step 1702 of forming a groove in
a surface of a layer of substrate material or a slot through the layer of substrate material. Referring
to FIGS. 7, 8, and 12, under a three-layer construction of the multilayer substrate 122, step 1702
comprises cutting the slot 704, 1204 through layer 701, 1201. In some examples, the step 1702 of
forming the slot 704, 1204 includes using a laser to cut through the layer 701, 1201. Referring to
FIGS. 9, 10, and 13, under a two-layer construction of the multilayer substrate 122, step 1702
comprises forming the first groove 906, 1306 in the mating surface 903, 1303 of the first layer 901,
1301, and optionally, the second groove 908, 1308 in the mating surface 904, 1304 of a second layer

902, 1302.

[0073] Referring to FIG. 17, the method 1700 comprises a step 1704 of laminating one or
more layers to the layer containing the groove or slot to form the substantially planar, multilayer
substrate 122 and enclose the groove or slot to form the channel 124. In some examples, the layers
comprise a polymer or plastic material, and step 1704 comprises adhesively or thermally bonding

the various plastic layers together.
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[0074] Referring to FIGS. 7, 8, and 12, under a three-layer construction of the multilayer
substrate 122, step 1704 comprises laminating layer 702, 1202 (top layer) and layer 703, 1203
(bottom layer) to the layer 701, 1201 (middle layer) such that the layer 702, 1202 and the layer 703,

1203 enclose the slot 704, 1104 formed in the layer 701, 1201 to form the channel 124.

[0075] Referring to FIGS. 9, 10, and 13, under a two-layer construction of the multilayer
substrate 122, step 1704 comprises laminating the first layer 901, 1301 to the second layer 902, 1302
such that the first groove 906, 1306 formed along the mating surface 903, 1303 of the first layer 901,
1301 is aligned with the second groove 908, 1308 formed along the mating surface 904, 1304 of the

second layer 902, 1302 to form the channel 124.

[0076] Referring to FIG. 17, the method 1700 comprises a step 1706 of disrupting a portion
of the multilayer substrate 122 encompassing an extent of the channel 124 so that the disrupted
portion is partially separated or separable from the remainder of the multilayer substrate 122 to form

the flexible conduit 126.

[0077] Referring to FIGS. 6-10, in some examples, the step 1706 of disrupting comprises
forming a cutout 128 through one or more layers 701-703, 901-902 of the multilayer substrate 122.
As shown in FIG. 6, each cutout 128 is shaped to partially surround the disrupted portion of the
multilayer substrate 122 to form the flexible conduit 126. In some examples, the cutout 128 is
formed by using a die cutter (not shown) that includes a punch and pressing the punch through the
multilayer substrate 122 to form the cutout 128 or by a laser cutter that cuts grooves and cutouts in

the multilayer substrate 122.

[0078] Referring to FIGS. 11-13, in some examples, the step 1706 of disrupting comprises

forming the score line 1102 into the multilayer substrate 122. As shown in FIG. 11, each score line
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1102 is shaped to partially circumscribe the disrupted portion of the multilayer substrate 122
encompassing the extent of the channel 124, such that the score line 1102 enables the disrupted
portion of the multilayer substrate 122 to partially separate from the remainder of the multilayer
substrate 122 upon the application of an external force to the disrupted portion of the substrate 122.
In some implementations, perforations or other partial disruptions can be used in lieu of or in

addition to the score line 1102.

[0079] Referring to FIG. 17, the method 1700 comprises a step 1708 of connecting the
multilayer substrate 122 to the fluid reservoir 112 such that the fluid reservoir 112 is disposed below
the flexible conduit 126. In some examples, the step 1708 of connecting comprises mounting the
multilayer substrate 122 on the tray 110 that includes the plurality of fluid reservoirs 112, and step
1708 further comprises aligning the multilayer substrate 122 to the tray 110 in a way that places
each flexible conduit 126 above at least a portion of the corresponding fluid reservoir 112. In some
examples, the multilayer substrate 122 may be mounted to the tray 110 by various processes, such as
adhering a bottom surface of the multilayer substrate 122 to a top surface of the tray 110 with a glue
or pressure-sensitive adhesive or laser welding the multilayer substrate 122 to the top surface of the

tray 110.

[0080] Referring to FIG. 17, the method 1700 comprises a step 1710 of connecting the
multilayer substrate to the rigid cover 1610, which may include the punch 1612 configured to deflect
the flexible conduit 126. In some examples, step 1710 further comprises aligning the cover 1610
with the multilayer substrate 122 in a way that places the punch 1612 above at least a portion of the

flexible conduit 126.

[0081] Referring to FIG. 17, the method 1700 comprises a step 1712 of deflecting the
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flexible conduit 126 with respect to the multilayer substrate 122 toward the fluid reservoir 112, for
example, by actuating the punch 1612 against the flexible conduit 126. In some examples, step

1712 further comprises piercing through the foil 1620 covering the fluid reservoir 112, such that the
flexible conduit 126 is deflected through the pierced foil 1620 to fluidly connect the channel 124
within the multilayer substrate 122 to the fluid reservoir 112. Step 1712 could be done during a
manufacturing process if the reservoir 112 is left dry during shipping and storage, or step 1712 could

be performed by a processing instrument just prior to using the fluid cartridge 100.

[0082] It should be appreciated that all combinations of the foregoing concepts and
additional concepts discussed in greater detail below (provided such concepts are not mutually
inconsistent) are contemplated as being part of the inventive subject matter disclosed herein. In
particular, all combinations of claimed subject matter appearing at the end of this disclosure are
contemplated as being part of the inventive subject matter disclosed herein. It should also be
appreciated that terminology explicitly employed herein that also may appear in any disclosure
incorporated by reference should be accorded a meaning most consistent with the particular

concepts disclosed herein.

[0083] Implementations

[0084] Implementation 1.  An apparatus comprising: a fluid reservoir; and a laminate
fluidic circuit positioned above the fluid reservoir, wherein the laminate fluidic circuit comprises:
two or more layers laminated together to define a substantially planar substrate; one or more
channels defined within the substrate, and a flexible conduit defined by a portion of the substrate
encompassing an extent of at least one of the channels that is partially separated or separable from

the remainder of the substrate, the flexible conduit comprising the portion of the substrate and the
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encompassed extent of the channel, wherein the flexible conduit is deflectable with respect to the
planar substrate toward the fluid reservoir such that the flexible conduit fluidly connects the at least

one channel to the fluid reservoir.

[0085] Implementation 2.  The apparatus of implementation 1, wherein the substrate
comprises a cutout formed through the substrate and partially surrounding the portion of the

substrate encompassing the extent of the channel.

[0086] Implementation 3.  The apparatus of implementation 1, wherein the substrate
comprises a score line partially circumscribing the portion of the substrate encompassing the extent
of the channel, wherein the score line enables the portion of the substrate to partially separate from

the remainder of the substrate upon application of an external force to the portion of the substrate.

[0087] Implementation 4.  The apparatus of implementation 1, wherein the two or more
layers comprise a first layer, a second layer, and a third layer, and wherein the first layer is disposed
between the second layer and the third layer and comprises at least one slot forming the one or more

channels when covered on opposed sides by the second layer and the third layer.

[0088] Implementation 5.  The apparatus of implementation 1, wherein the two or more
layers comprise a first layer and a second layer laminated to the first layer, and wherein at least the
first layer comprises at least one groove formed in a surface thereof and forming the one or more

channels when covered by the second layer.

[0089] Implementation 6.  The apparatus of implementation 1, wherein the substrate

comprises two or more layers of a polymeric material adhesively or thermally bonded together.

[0090] Implementation 7. The apparatus of implementation 1 further comprising one or
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more electrodes disposed on the flexible conduit.

[0091] Implementation 8.  The apparatus of implementation 7, wherein the one or more
electrodes are for one or more of detecting a fluid level of a fluid held in the fluid reservoir,
detecting a presence of a fluid held in the fluid reservoir, or heating a fluid held in the fluid

reservoir.

[0092] Implementation 9. The apparatus of implementation 1 further comprising a valve
operatively associated with at least one of the channels and the fluid reservoir to control flow

between the fluid reservoir and at least one of the channels.

[0093] Implementation 10.  The apparatus of implementation 1 further comprising a rigid
cover disposed on the fluidic circuit and including a punch to deflect the flexible conduit away from

the planar substrate and into the fluid reservoir.

[0094] Implementation 11.  The apparatus of implementation 10 further comprising a
pierceable foil covering an opening of the fluid reservoir such that the fluid reservoir is sealed,
wherein the punch pierces the foil and deflects the flexible conduit through the pierced foil to fluidly

connect the flexible conduit to the fluid reservoir.

[0095] Implementation 12. A method comprising: forming a channel in a first layer and
laminating one or more layers to the first layer to form a planar, multilayer substrate such that the
channel is defined within the substrate; and disrupting a portion of the substrate encompassing an
extent of the channel so that the disrupted portion is partially separated or separable from the
remainder of the substrate to form a flexible conduit comprising the portion of the substrate and the

encompassed extent of the channel, wherein the flexible conduit is deflectable with respect to the
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planar substrate.

[0096] Implementation 13. The method of implementation 12, wherein the step of
forming the channel in the first layer comprises forming a groove in a surface of the first layer, and

the one or more layers laminated to the first layer encloses the groove.

[0097] Implementation 14.  The method of implementation 12, wherein the step of
forming the channel in the first layer comprises forming a slot through the first layer, and the one or

more layers laminated to the first layer encloses the slot.

[0098] Implementation 15. The method of implementation 12, wherein the step of
disrupting a portion of the substrate comprises forming a cutout through the substrate that partially

surrounds the portion of the substrate encompassing the extent of the channel.

[0099] Implementation 16.  The method of implementation 12, wherein the step of
disrupting a portion of the substrate comprises forming a score line partially circumscribing the
portion of the substrate encompassing the extent of the channel, wherein the score line enables the
portion of the substrate to partially separate from the remainder of the substrate upon application of

an external force to the portion of the substrate.

[00100] Implementation 17.  The method of implementation 12, further comprising
connecting the multilayer substrate to a fluid reservoir such that the fluid reservoir is disposed below

the multilayer substrate and the flexible conduit while set at an undeflected position.

[00101] Implementation 18.  The method of implementation 17, further comprising
deflecting the flexible conduit with respect to the substrate toward the fluid reservoir, such that the

encompassed extent of the channel in the flexible conduit fluidly connects the channel defined

28



WO 2020/102521 PCT/US2019/061461

within the substrate to the fluid reservoir.

[00102] Implementation 19. The method of implementation 18, further comprising, after
the step of deflecting the flexible conduit, aspirating a fluid held in the fluid reservoir through the

encompassed extent of the channel in the flexible conduit to the channel defined in the substrate.

[00103] Implementation 20.  The method of implementation 18, further comprising, after
the step of deflecting the flexible conduit, introducing a fluid through the channel defined within the
substrate and the encompassed extent of the channel in the flexible conduit and into the fluid

reservoir.

[00104] Implementation 21.  The method of implementation 12 further comprising

connecting the multilayer substrate to a rigid cover.

[00105] Implementation 22.  The method of implementation 18, wherein the rigid cover

comprises a punch for deflecting the flexible conduit with respect to the planar substrate.

[00106] Implementation 23.  The method of implementation 16, wherein the first layer and
the one or more layers laminated to the first layer comprise two or more layers of a polymeric
material, and the step of laminating the one or more layers to the first layer comprises adhesively or

thermally bonding the layers together.

[00107] Implementation 24.  The method of implementation 12, further comprising

applying electrodes to a portion of the substrate forming the flexible conduit.

[00108] Implementation 25. An apparatus comprising: two or more layers laminated
together to define a substantially planar substrate; one or more channels defined within the substrate,

and a flexible conduit defined by a portion of the substrate encompassing an extent of at least one of
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the channels that is partially separated or separable from the remainder of the substrate, the flexible
conduit comprising the portion of the substrate and the encompassed extent of the channel, wherein

the flexible conduit is deflectable with respect to the planar substrate.

[00109] Implementation 26.  The apparatus of implementation 25, wherein the two or more
layers comprise a first layer, a second layer, and a third layer, and wherein the first layer is disposed
between the second layer and the third layer and comprises at least one slot forming the one or more

channels when covered on opposed sides by the second layer and the third layer.

[00110] Implementation 27.  The apparatus of implementation 25, wherein the two or more
layers comprise a first layer and a second layer laminated to the first layer, and wherein at least the
first layer comprises at least one groove formed in a surface thereof and forming the one or more

channels when covered by the second layer.

[00111] Implementation 28.  The apparatus of implementation 25, further comprising: a
fluid reservoir, and the substrate is positioned above the fluid reservoir such that the flexible conduit
is deflectable toward the fluid reservoir to fluidly connect at least one channel defined within the
substrate to the fluid reservoir; wherein the flexible conduit comprises a first channel for aspirating a
fluid held in the fluid reservoir to the channel defined with the substrate and a second channel for

introducing a fluid into the fluid reservoir.

[00112] Implementation 29.  The apparatus of implementation 28, further comprising a

sensor disposed on the flexible conduit for detecting a presence of a fluid held in the fluid reservoir.

[00113] Implementation 30.  The apparatus of implementation 25, further comprising: one

or more electrical contacts disposed along the multilayer substrate for receiving power from a power
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source; and one or more electrodes disposed on the flexible conduit and electrically connected to the

one or more electrical contacts.

[00114] Implementation 31.  The apparatus of implementation 25, wherein the flexible
conduit is deflectable between an undeflected position and one or more deflected positions, wherein
the flexible conduit is substantially co-planar with the substrate at the undeflected position, and the
flexible conduit is inclined, curved, or bent with respect to the substrate at the one or more deflected

positions.

[00115] While the subject matter of this disclosure has been described and shown in
considerable detail with reference to certain illustrative examples, including various combinations
and sub-combinations of features, those skilled in the art will readily appreciate other examples and
variations and modifications thereof as encompassed within the scope of the present disclosure.
Moreover, the descriptions of such examples, combinations, and sub-combinations is not intended to
convey that the claimed subject matter requires features or combinations of features other than those
expressly recited in the claims. Accordingly, the scope of this disclosure is intended to include all
modifications and variations encompassed within the spirit and scope of the following appended

claims.
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CLAIMS
1. An apparatus comprising:
a fluid reservoir; and
a laminate fluidic circuit positioned above the fluid reservoir, wherein the laminate fluidic
circuit comprises:

two or more layers laminated together to define a substantially planar substrate;

one or more channels defined within the substrate, and

a flexible conduit defined by a portion of the substrate encompassing an extent of at
least one of the channels that is partially separated or separable from the remainder of the
substrate, the flexible conduit comprising the portion of the substrate and the encompassed
extent of the channel,

wherein the flexible conduit is deflectable with respect to the planar substrate toward
the fluid reservoir such that the flexible conduit fluidly connects the at least one channel to

the fluid reservoir.

2. The apparatus of claim 1, wherein the substrate comprises a cutout formed through
the substrate and partially surrounding the portion of the substrate encompassing the extent of the

channel.

3. The apparatus of claim 1, wherein the substrate comprises a score line partially
circumscribing the portion of the substrate encompassing the extent of the channel, wherein the
score line enables the portion of the substrate to partially separate from the remainder of the

substrate upon application of an external force to the portion of the substrate.
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4. The apparatus of claim 1, wherein the two or more layers comprise a first layer, a
second layer, and a third layer, and wherein the first layer is disposed between the second layer and
the third layer and comprises at least one slot forming the one or more channels when covered on

opposed sides by the second layer and the third layer.

5. The apparatus of claim 1, wherein the two or more layers comprise a first layer and a
second layer laminated to the first layer, and wherein at least the first layer comprises at least one
groove formed in a surface thereof and forming the one or more channels when covered by the

second layer.

6. The apparatus of claim 1, wherein the substrate comprises two or more layers of a

polymeric material adhesively or thermally bonded together.

7. The apparatus of claim 1 further comprising one or more electrodes disposed on the

flexible conduit.

8. The apparatus of claim 7, wherein the one or more electrodes are for one or more of

detecting a fluid level of a fluid held in the fluid reservoir, detecting a presence of a fluid held in the

fluid reservoir, or heating a fluid held in the fluid reservoir.
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9. The apparatus of claim 1 further comprising a valve operatively associated with at
least one of the channels and the fluid reservoir to control flow between the fluid reservoir and at

least one of the channels.

10. The apparatus of claim 1 further comprising a rigid cover disposed on the fluidic
circuit and including a punch to deflect the flexible conduit away from the planar substrate and into

the fluid reservoir.

11.  The apparatus of claim 10 further comprising a pierceable foil covering an opening of
the fluid reservoir such that the fluid reservoir is sealed,
wherein the punch pierces the foil and deflects the flexible conduit through the pierced foil to

fluidly connect the flexible conduit to the fluid reservoir.

12. A method comprising:

forming a channel in a first layer and laminating one or more layers to the first layer to form
a planar, multilayer substrate such that the channel is defined within the substrate; and

disrupting a portion of the substrate encompassing an extent of the channel so that the
disrupted portion is partially separated or separable from the remainder of the substrate to form a
flexible conduit comprising the portion of the substrate and the encompassed extent of the channel,

wherein the flexible conduit is deflectable with respect to the planar substrate.
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13.  The method of claim 12, wherein the step of forming the channel in the first layer
comprises forming a groove in a surface of the first layer, and the one or more layers laminated to

the first layer encloses the groove.

14. The method of claim 12, wherein the step of forming the channel in the first layer
comprises forming a slot through the first layer, and the one or more layers laminated to the first

layer encloses the slot.

15. The method of claim 12, wherein the step of disrupting a portion of the substrate
comprises forming a cutout through the substrate that partially surrounds the portion of the substrate

encompassing the extent of the channel.

16. The method of claim 12, wherein the step of disrupting a portion of the substrate
comprises forming a score line partially circumscribing the portion of the substrate encompassing
the extent of the channel, wherein the score line enables the portion of the substrate to partially
separate from the remainder of the substrate upon application of an external force to the portion of

the substrate.

17.  The method of claim 12, further comprising connecting the multilayer substrate to a

fluid reservoir such that the fluid reservoir is disposed below the multilayer substrate and the

flexible conduit while set at an undeflected position.
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18.  The method of claim 17, further comprising deflecting the flexible conduit with
respect to the substrate toward the fluid reservoir, such that the encompassed extent of the channel in

the flexible conduit fluidly connects the channel defined within the substrate to the fluid reservoir.

19. The method of claim 18, further comprising, after the step of deflecting the flexible
conduit, aspirating a fluid held in the fluid reservoir through the encompassed extent of the channel

in the flexible conduit to the channel defined in the substrate.

20.  The method of claim 18, further comprising, after the step of deflecting the flexible
conduit, introducing a fluid through the channel defined within the substrate and the encompassed

extent of the channel in the flexible conduit and into the fluid reservoir.

21. The method of claim 12 further comprising connecting the multilayer substrate to a
rigid cover.
22, The method of claim 18, wherein the rigid cover comprises a punch for deflecting the

flexible conduit with respect to the planar substrate.

23.  The method of claim 16, wherein the first layer and the one or more layers laminated

to the first layer comprise two or more layers of a polymeric material, and the step of laminating the

one or more layers to the first layer comprises adhesively or thermally bonding the layers together.
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24, The method of claim 12, further comprising applying electrodes to a portion of the

substrate forming the flexible conduit.

25. An apparatus comprising:

two or more layers laminated together to define a substantially planar substrate;

one or more channels defined within the substrate, and

a flexible conduit defined by a portion of the substrate encompassing an extent of at least one
of the channels that is partially separated or separable from the remainder of the substrate, the
flexible conduit comprising the portion of the substrate and the encompassed extent of the channel,

wherein the flexible conduit is deflectable with respect to the planar substrate.

26. The apparatus of claim 25, wherein the two or more layers comprise a first layer, a
second layer, and a third layer, and wherein the first layer is disposed between the second layer and
the third layer and comprises at least one slot forming the one or more channels when covered on

opposed sides by the second layer and the third layer.

27.  The apparatus of claim 25, wherein the two or more layers comprise a first layer and
a second layer laminated to the first layer, and wherein at least the first layer comprises at least one
groove formed in a surface thereof and forming the one or more channels when covered by the

second layer.

28.  The apparatus of claim 25, further comprising:
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a fluid reservoir, and the substrate is positioned above the fluid reservoir such that the
flexible conduit is deflectable toward the fluid reservoir to fluidly connect at least one channel
defined within the substrate to the fluid reservoir;

wherein the flexible conduit comprises a first channel for aspirating a fluid held in the fluid
reservoir to the channel defined with the substrate and a second channel for introducing a fluid into

the fluid reservoir.

29.  The apparatus of claim 28, further comprising a sensor disposed on the flexible

conduit for detecting a presence of a fluid held in the fluid reservoir.

30.  The apparatus of claim 25, further comprising:

one or more electrical contacts disposed along the multilayer substrate for receiving power
from a power source; and

one or more electrodes disposed on the flexible conduit and electrically connected to the one

or more electrical contacts.

31.  The apparatus of claim 25, wherein the flexible conduit is deflectable between an
undeflected position and one or more deflected positions,

wherein the flexible conduit is substantially co-planar with the substrate at the undeflected
position, and the flexible conduit is inclined, curved, or bent with respect to the substrate at the one

or more deflected positions.
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