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OPTICAL REACTION WELL FOR ASSAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates {0 the field of microfluidic devices that are capable of
performing biological assays. In particular, the present disclosure is directed toward systems,
devices, and methods for transmitting a fluid sample {rom a fluid source into multiple sample

chambers configured fo accommodate biological assays.

BACKGROUND

[0002] Many existing microfluidic devices are configured to transmit a fluid sample from
one location within the microfluidic device, e.g., a commeon source, (o one or more alternative
locations within the microfluidic device, e.g., one or more sample chambers. In particular
cmbodiments in which microfluidic devices are configured to transmit a fluid sample from one
focation within the microfluidic device to a single alternative location within the microfiuidic
device, existing microflnidic devices may use dead-end filling, in which the fluid sarapie is
trausferred inlo a closed system against an inlernal pressure of the closed system. Dead-end
filling enables precise filling of the single location of the microfluidic device such that overflow
of the {Tuid sample, and thus waste of fluid sample, 15 mimmized. This precision provided by
dead-end filling is particularly important in embodiments in which the flnid sample comprises

expensive components.

[0003] In alternative embodiments in which microfluidic devices are configored to transmif a
flnid sample from one Iocation within the microfinidic device to multiple alternative locations
within the microfluidic device, this transfer of the fluid sample is oftentimes performed
asynchronously such that one or more of the locations completes filling at different times.
Asynchronous completion of filling is problematic in embodiments in which the microfluidic
device is used to perform assays, because the reliability of the assay results depends opon the
uniforroity of the variables that affect the results, such as reaction timing. Furthermore,
asynchronous filling of the multiple locations of the microflunidic device may resuit in imprecise
filling of one or more of the multiple locations of microfluidic device such that overflow of the
fhuid sample, and thus waste of fluid saruple, occurs. Not only is this particolarly ondesivable in
cmbodiments in which components of the fluid sample are cxpensive, but in embodiments in
which the microfluidic device 1s used to perform assays, imprecise filling can increase the
likelihood of heterogeneity of the fluid sample across the multiple locations, thereby further
tarnishing the reliability of the assay results. In addition to thesc shortcomings of the existing
-1-
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microfhuidic devices described above, many existing microfinidic devices also do not include

buili-in features to facilitate actuation of assays.

[0004] The novel devices described heretn inchude microfhsidic devices that are configured
to control transmission of a fluid sample from a common fluid source to multiple sample
charbers using dead-end filling, such that the multiple sample chambers ave filled concurrently.
The devices described hercin enable precise filling of the multiple sample chambers such that
overflow of the fluid sample, and thus waste of the fluid sample is minimized. Furthermore,
concurrent filling of the multiple sample chambers, as enabled by the devices described herein,
increases the likelihood of homogeneity of the fuid sample across the multiple sample
chambers, and improves the uniformity of reaction timing across the multiple sample chambers,

thereby improving the reliability of assay results generated by the microfluidic device.

[0005] In certain embodiments, the novel devices described herein also include features to
facilitate actoation of assays. For instance, in certain embodiments, one or more of the sampie
chambers of the novel devices described herein comprise a double tupered chamber that
minimizes the trapping of bubbles within the sample chamber during filling with the fluid
sample. Minimizing bubble trapping is advantageous during assay actuation because in some

embodiments, bubbles interfere with the resalis of the assay.

SUMMARY

[0006] The present disclosure relates generally fo microfluidic devices that transmit a fluid
sample from a fluid source into multiple sample chambers configured to accommuodate biological

488ays.

[0007] In one aspect, the disclosure provides an apparatus that comprises a common fluid
source and a plurality of independent, continuous flnidic pathways connected to the comimon
finid source. Bach independent, continuous fluidic pathway comprises a sample charober and a
pneumatic compartment. The sample chamber, having a fluid volume, is connected to the
corarnon {loid source. The pueumatic corapartment, having a pneamatic volume, 18 conpected (o
the sample chamber, and thereby is indirectly connected to the common {luid soarce. Bach
flnidic pathway of the plurality of independent, continuous fuidic pathways 18 a closed system
excluding the connection between the sample chamber and the common fluid source. In some
ernbodiments, the fluid velume of one fluidic pathway of the apparatus is greater than the fluid
volame of another flaidic pathway of the apparatas. To support concurrent delivery of a sample
to each sample chamber, the ratio of fluid volume to preumatic volume is substantially

equivalent for each {huidic pathway of the plurality of fluidic pathways.
2.
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[0008] In some embodiments of the apparatus, the sample chamber comprises an assay
chamber and an entry condait that connects the coramon {lnid source to the assay chamber. In
certain implementations, the assay chamber volome is between | gL and 35 pl.. Similarly, the
preumatic compartment may comprisc an air chamber and a pneumatic conduit that connects the
sample chamber to the air chamber. Therefore, each fluidic pathway may comprise an entry

conduit, an assay chamber, a pneumatic conduit, and air chamber.

[0009] In some embodiments, the assay chamber comprises a double tapered chamber that in
turn comprises a tapered inlet, a tapered outlet, and two curved boundaries. The tapered inlet is
in floidic communication with a torminus of the eniry conduit of the fluidic pathway. Similarly,
the tapered outlet 15 1o fluidic communication with a terminus of the pneumatic compartment,
frequently with a terminus of the pneumatic conduit. The two curved boundaries extend from the
tapered inlet to the tapered outlet such that together, the two curved boundaries enclose the
volume of the assay chamber. Additionally, the tapered inlet and the tapered outlet are separated
by the largest dimension of the assay chamber volume. Furthermeore, each curved boundary
comprises a midpoint, and a distance between the two curved boundaries decreases as the
boundarics curve from the midpoint toward the tapered indet and from the midpoint toward the

tapered outlet.

[0010] In certain embodiments, the assay chamber comprises a first bounding surface formed
int a monolithic substrate, and a second bounding surface formed by a plug. The plug comprises a
body and a cap. The body of the plug protrudes into the monolithic substrate of the assay
chamber at a depth such that the assay chamber volume can be readily changed by altering the
depth at which the body of the plng protrudes into the monolithic substrate of the assay chamber.
in particular, the cap of the plug forms the second bounding surface of the assay chamber. In
further embodiments, a Hlm may form a third bounding surface of the assay chamber such that
the first bounding surface, the second bounding surface, and the third bounding surface together
enclose the assay chamber volaome. In some embodiments, the plug cap comprises an internal
cavity configured to hold one or more dried reagents for use in an assay to take place in the assay
chamber, Additionally, a magnetic mixing clement roay be located in the assay chamber to
facilitate actuation of an assay in the assay chamber.

[0011] In certain aspects of the disclosed apparatus, one or more filims may be adheredto a
portion of the apparatus. For example, a first film 12 may be adhered to a surface of at leasta
portion of the apparatus such that the first film forms one wall of one or more chambers,

compartments, or conduits of the apparatus. In certain embodiments discussed in further detail
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below, it may be desirable to seal a portion of one or more of the fluidic pathways of the
apparatus using heat. Accordingly, in such embodiments, a second film 14, having a higher

melting temperatore, may be adhered to the first film 12.

[0012] In another, distinct aspect, the disclosure provides a method of simultancously filling
a plorality of sample charabers. The method 1ncludes providing an apparatus according to one or
more of the embodiments described above. For use in simultancous filling of the plurality of the
sarnple chambers, the common fluid source of the provided apparatus contains a fluid sample,
and each independent, continuous fhiidic pathway of the provided apparatus coutains a gas, such
as, for example, air. After provision of the apparatus, a supply pressure is applied to the fluid
sample in the common fluid source, thereby {forcing the flnid sample from the common flnid
source, into the sample chamber of each fluidic pathway of the apparatus. In certain
embodiments, the supply pressure is applied at a constant pressure. In alternative embodiments,
the sapply pressure is applied from a lower pressure to a higher pressure. In certain aspects, the
fhuid sample travels to the plurality of sample charobers via the enfry conduits agaiust a
gravitational force. This transmission of the fluid sample into the sample chamber of each flnidic
pathway of the apparatus compresses the gas within the fluidic pathways toward the pneumatic
compartments of the floidic pathways. This in turn causes an increase in the internal pressure in
the pnenmatic compartments of the fluidic pathways. When the internal pressure in a pnouratic
compariment equals the supply pressure, the fluid sample stops flowing from the common fluid

source into the fluidic pathway.

[0013] In some embodiments of the disclosed method, at least two sample chambers of the
provided apparatus differ in volume. For example, a fluid volume of a sample chamber of a first
fluidic pathway of the provided apparatus may be greater than a fluid volume of a sample
chamber of a second fluidic pathway of the provided apparatus. Generally, a rate of flow from
the common fluid source into each sample chamber of the plurality of sample chambers is
proportional to a fluid volume of the sample chamber. Additionally, as noted above, the ratio of
fluid volume to pneunatic volume is substantially equivalent for each fhidic pathway of the
provided apparatus. Therclore, saraple chambers of the provided apparatus, including the
differentially sized sampie chambers of the first fluidic pathway and the second fluidic pathway,

{iil at a substantially proportional rate such that the sample chambers fill simultancously.

[0014] As described above, certain embodiments of the apparatus provided by the disclosed
method may comprise one or more sample chambers that in tarn comprise a double tapered

chamber. In such embodiments in which one or more sample chambers of the provided apparatus
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comprisc a double tapered chamber, the two curved boundaries of the double tapered chamber
slow the rate of fluid advance at the leading front meniscus of the fhad sample, such that when
the fhnid sample reaches the tapered outlet, the meniscus of the fluid sample is substantially

symmetric with respect to the largest dimension of the assay chamber, thereby minirnizing the

trapping of bubbles within the assay chamber during filling.

[0015] Also as described above, in certain aspects, it may be desirable to seal the fluidic
pathways of the apparatus using heat, Inn such aspects, the method disclosed herein forther
comprises sealing each fluidic pathway of the plurality of fluidic pathways when the fluid
sample stops flowing from the common fluid source into the fluidic pathway. This step of

sealing can be performed by heat staking.

[0016] In yet another aspect, the disclosure provides an apparatos for rehydrating a dried
reagent that is distinet from the various embodiments of the apparatus described above. In such
aspects, the apparatos at isspe comprises an assay chamber. The assay chamber comprises a {irst
bounding surface formed in a monolithic substrate and a second bounding surface formed by a
phag. The plug comprises a body and a cap. The body of the plug protrudes into the monolithic
substrate of the assay chamber at a depth such that the assay chamber volume can be readily
changed by aliering the depth at which the body of the plug protrudes into the monolithic
substrate of the assay chamber. In particnlar, the cap of the plug forms the second bounding
surface of the assay chamber. Together, the first bounding surface and the second bounding
swrface of the assay chamber enclose a volume of the assay chamber. An internal cavity of the
formed in the cap of the plug can hold one or more dried reagents for use in an assay to occur in
the assay chamber. The assay chamber contains a magnetic mixing element within the volume of
the assay chamber. The magnetic mixing element is capable of gyration within the assay

charmaber volume.

[0017] In certain embodiments of the apparatas for rehydrating a dried reagent, the assay
chamber comprises a third bounding surface of a film. In such embodiments, the first bounding
surface, the second bounding surface, and the third bounding surface together enclose the assay

chamber volume.

[0018] In vet another distinet aspect, the disclosure provides a method of solubilizing a dried
reagent. This method includes providing the apparatus {for rehydrating a dried reagent according
to one of the embodiments described above. The method further comprises filling the assay

chamber with a fluid and inducing gyration of the magnetic moixing element within the assay
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chamber of the apparatus by rotating a magnet exierior to the assay chamber, This gyration of the

magnetic mixing element within the assay chamber solubilizes the reagent within the flnd.

[0019] fn general, in one embodiment, a plug includes a body with a bottom surface, a
central opening in the body, and a dried reagent on the bottom surface, wherein the body is
formed frovn a material transraissive {0 excitation wavelengths and emission wavelengths in at

least one of a red spectrum, a blue spectrum and a green spectrum.

[0020] This and other embodiments can include one or more of the following features. The
dried reagent can be on a portion of the bottom surface wider than a width of the central opening
in the body. A width of the central opening can be wider than a portion of the bottom surface
containing the dried reagent. The plug can further include a cavity in the bottom surface with the
dried reagent within the cavity. The plag can further include a plug thickness between a central
opening bottom and the plug body bottorn wherein a depth of the cavity is less than 90% of the
plug thickness. The plug can {forther include a plug thickness between a central opening bottom
and the plug body bottom wherein a depth of the cavity is less than 70% of the plug thickness.
The plog can further tncinde a plug thickness between a central opening bottom and the plug
body bottom wherein a depth of the cavity is less than 50% of the plug thickness. The phlug can
turther include an annulos on the plug bottom surface from an onter edge of the plug body to a
perimeter of the cavity. The annulus can completely encircle the perimeter of the cavity. The
cavity can further include a perimeter in the bottom surface wherein an angle of initiation of the
cavity is measured from the perimeter relative to the bottom surface and the angle of initiation is
60 degrees or less. The cavity can be wider than the plug body central opening. The plug body
central opening can be wider than the cavity. The plug body bottons surface can farther include a
bounded area on the plug body bottom surface wherein the dried reagent is within the bounded
area. The bounded area oun the plag bottorn surface can be provided by a feature on the plog
body bottom surface. The feature can be raised above the plug bottom surface or recessed into
the plug bottom surface. The feature can have a curved cross section or a rectangolar Cross
section. A widih of the bounded area can be greater than a widih of the body central opening,
width of the bounded arca can be less than a width of the body central opening, or a width of the
bounded area can be about the same as a width of the body central opening. The plag can have a
polished or smooth finish facilitating the transroissivity of the excitation wavelengths and the
emission wavelengths, The plug can further inclade a fange on the plag body around the cendral
opening in the plag body. The dried reagent can be selected from the group consisting of nucleic
acid synthesis rea

gents, peptide synthesis reagents, polyroer synthesis reagents, nucleic acids,

f=4
nuclectides, nucleobases, nucleosides, peptides, amino acids, monomers, detection reagents,
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catalysts or combinations thereof. The dried reagent can be a continuous film adhering to the
plug bottom surface. The dried reagent can be a Iyophilized reagent. The dried reagent can

include a phirality of droplets adhering to the plug bottom surface.

[0021] In general, in one embodiment, an assay chamber includes a tapered inlet, a tapered
outlet,, a plug including a bottom surlace and a central openiug in the body, wherein the body is
formed from a material transmissive fo excitation wavelengths and emission wavelengths in at
least cue of an uliraviolet spectrum, a blue spectrum, a green spectrum and a red spectrum, two
curved boundaries, wherein each corved boundary extends from the tapered inlet o the tapered
outlet such that together, the two curved boundaries and the plug enclose a volume of the assay
chanmiber, and a shoulder extending from each curved boundary wherein the plag contacts each
shoulder such that a boundary of the assay chamber is provided by the two corved boundaries,

the shoulders exiending {rom each of the curved boundaries and the plug.

[0022] This and other embodiments can include one or more of the following feanwes. Plag
within the assay chamber can have a dried reagent thereon. A cavity on the plug can be
posttioned between cach of the shoulders and the dried reagent is in the cavity. A portion of the
curved boundaries or of the shoulders can be shaped to conform to a perimeter of the cavity. The
dried reagent on the plug can be positioned between cach of the shoulders. A flat portion of the
bottom of the plag body can contact the shoulders. A height of cach of the shoulders can be used
to adjust the volume of the assay chamber. The height of cach of the shoulders can be 100
micrometers or more. The height of each of the shoulders can be no greater than a distance of
the two curving boundaries {rom cach other at a point of greatest separation. The shoulders can
be shaped to maintain an overall curved boundary of the assay chamber from the tapered iulet to
the tapered outlet. The two curved boundaries and the shoulders can be formed in a monolithic
substrate. The assay can further include a {m adhered to a surface the monolithic substrate,

wherein the film forms one wall of the assay chamber. The assay chamber can have a plug.

[0023] In general, in one ernbodiment, an apparatus includes a cormmmon flmid pathway, and a
plurality of judependent, continwous flutdic pathways connecied to the comumon fluid pathway,
wherein cach independent, continuous fluidic pathway inclndes an assay chamber, and a
pnegmatic compariment. The assay chamber is connected to the common fluid pathway, the
assay chamber having a flnid volume defined in part by a plug having a dried reagent thereon;
and the pnenmatic cornpartment, having a pneumatic volome, is connected to the common fluid
pathway via the assay chamber. Each fluidic pathway of the plurality of independent,

continuous fluidic pathways is a closed system excluding the connection between the assay
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chamber and common fluid source. Hach assay chamber includes a double tapered chamber, and
a shoulder extending from each curved boundary wherein the plug contacts each shoulder such
that a boundary of the assay chamber 15 provided by the two curved boundaries, the shoulders
extending from each of the curved boundaries and the plag. The double tapered chamber
includes a tapered inlet in fhiudic communication with a terminus of the entry conduit of the
finidic pathway, a tapered outlet in fluidic communication with a terminus of the pneumatic
compartrent, and two curved boundaries, wherein each curved boundary extends from the
tapered inlet to the tapered outlet such that together, the two curved boundaries enclose the
volume of the assay chamber.

[0024] This and other embodiments can inchude one or more of the following features. A
cavity on the plag can be positioned between each of the shoulders and the dried reagent is in the
cavity. A dried reagent on the plug can be positioned between each of the shoulders, A flat
portion of the bottom of the plug body can contact the shoulders, A height of each of the
shoulders can be used (o adjust the volume of the assay chamber. The height of each of the
shoulders can be 100 micrometers or more. The shoulders can be shaped to maintain an overall
curved boundary of the assay chamber from the tapered inlet to the tapered outlet. The two
curved boundaries can be formed in a monolithic substrate. The body of the plug can protrude
into the monolithic substrate of the assay chamber at a depth sach that the assay chavober volume
can be readily changed by altering the depth at which the body of the plug protrudes into the
monolithic substrate of the assay chamber. A portion of the curved boundaries or of the
shoulders can be shaped to conform to a perimeter of the cavity. The apparatus can further
include a first film adhered to a surface of at least a portion of the apparatus. The first film can
form one wall of one or yaore charabers, comparttoents, or conduits of the apparatus. The
apparatus can further inclnde a second film adhered o the first film. The second film can have a
higher melting temperature than the first filvo. The apparatus can further inclode a heat staked
region formed in each of the fluidic pathways using the first film or the second film. The heat
staked region can seal off the common fluid pathway from the assay charaber and the pneumatic
chamiber. The apparatus cag further jnclode a raised platform within each of the plarality of
independent, comtinuous fluidic pathways, the raised platform positioned between an inlet to the
assay chamber and the common fhuid pathway. The heat staked region can be formed using a

portion of the raised platform. The apparatus can have a plug.

[0025] In general, in one embodiment, a method of simuliancously filling a plurality of
sample chambers includes: (1) pressurizing a {inid samiple within a common flnid pathway; (2

introducing the fluid sample into a plarality of entry conduits from the common flnid pathway;
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(3} flowing the fluid sample along cach of the entry conduits towards an entry conduit terminus
w each of the entry conduits, each entry condait connected 1o a sample chamber; (4) flowing the
floid sample along a tapered inlet portion of each sample chamber; (5) flowing the finid sample
adjacent a pair of shoulders and along a plug within cach sample charaber; (5) flowing the fluid
sample along a tapered outlet portion of each sample chamber towards a ppeumatic compartment
terminus; and (7) displacing a gas contained within cach entry conduit and each sample chamber

o a pnesmatic chamber 1o compunication with each poenmatic corapartment terminus.

[0026] This and other embodiments can include one or more of the following {eanres.
Pressuring the fluid sample step can be performed at a constant pressure. The constant pressure
caun be one of 5, 10, 20, 40 or 60 psi. The pressurizing the fluid step can further include
pressuring the finid sample at a series of increasing pressure levels. Each increasing fevel of
pressure can be applied for a consistent duration. Each increasing level of pressure can be
increased by a constant amount. The pressurizing the fluid sample can apply a series of pressure
levels from a lower pressure level to a higher pressore level. To nse, the pneumatic chamber can
be above the sample chamber sach that the steps of flowing the fluid sample along a tapered
outlet portion of the sample charaber towards a pneumatic compartment terminus and displacing
a gas contained within each entry conduit can be performed against a gravitational force. 1o ase,
the plurality of sample charabers can be oriented such that each preumatic chamber associated
with a specific sample chamber of the plurality of sample charnber is positioned above the
sample chamber. Flowing the fluid sample into the sample chamber of cach fluidic pathway of
the apparatus can compress the gas within the {uidic pathways toward the preurnatic
compartments of the fluidic pathways. The method can further include maintaining the pressure
reached during the pressurizing a fluid sample step when an internal pressure in cach of the
pneumatic compariments equals the pressare applied to the common fluid pathway. The method
can further include increasing a pressure within cach pneumatic compartent during the
displacing a gas step, and stopping increasing the pressure when a pressure applied to the
common flnid pathway equals the pressure within cach pnenmatic compartment. The method
can forther include stopping each of the flowing the sample steps when the internal pressure o
cach of the pneumatic compartments equals a pressure applied to the common fluid pathway. At
least two sarople chambers of the plurality of sample chambers can differ in volurue, A flowrate
from the common Thiid pathway into cach sample chamber of the phlurality of sample chambers
can be proportional to a fluid volume of the saraple chamber and there are at least two different
flowrates. The method can further inchide simultaneously filling each sample chamber of the

plurality of sample chambers. The method can further include flowing the fluid sample along
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two diverging curved boundaries within the sample chamber during or after the flowing the fluid
sarople along the tapered inlet step. The method can further include flowing the {loid sarmple
along two converging curved boundaries within the sample chamber after or during the flowing
the fluid sarple along the pair of shoulders step. Convergence of the two curved boundaries can
sfow the rale of {inid advance at a leading front of a meniscus of the {luid sample, such that when
the fluid sample reaches the tapered cutlet, the meniscus of the fluid saraple 1s substantially
symmetric with respect to the largest dimension of the assay chamber, thereby ruintmizing the
trapping of bubbles within the assay chamber during filling. The method can further include
positioning a meuiscus 1o each sample chamber adjacent to the pueurnatic charnber lervoinus.
The method can farther include performing one or more of the steps so as to position one or
more bubbles formed within the fluid saraple adjacent to a meniscus of the fluid sample within
the sample chamber. The meniscos can be proximate o the pneumatic chamber termyinus. The
method can further include sealing each one of the plurality of entry conduits while performing
the step of pressurizing a floid sample within the common fhud pathway. The method can
further inclnde sealing cach one of the plurality of entry conduits when the step of flowing the
fluid sample along a tapered portion of the sample chamber stops. The method can forther
include sealing cach one of the plurality of entry conduits when the step of flowing the fluid
sample along each of the entry condaits from the common {inid pathway stops. The step of
sealing can further include heat staking a portion of the entry conduit closed. The method can
further include heating a portion of a first film adjacent to each of the entry conduits, melting the
first film {0 seal off the each one of the entry conduits. The method can further include
simultancously sealing all entry conduits. The method can further include heating without
melting a second film separated from the entry conduit by the fivst flm. The roethod can further
inchade fusing a portion of the entry conduit to a portion of the first film without melting the
second . After sealing each oue of the entry conduits a portion of a first film or a second

film can be fused to a raised platform formed in each one of the entry conduits.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The present application is further understood when read in conjunction with the
appended drawings. For the poarpose of illastrating the subject matter, there are shown in the
drawings exemplary embodiments of the subject matter; however, the presently disclosed subject
matter is not lirpited to the specific methods, devices, and systems disclosed. In addition, the

drawings are not necessarily drawn to scale. In the drawings:
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[0028] FIG. 1 is an illustration of an apparatus for transmitting a fluid sample from a fluid

source into multiple sample chambers, in accordance with an embodiment.

[0029] FIG. 2A depicts an apparatos at a time A duning stmulianeous filling of sample

chambers of the apparatus with a fluid sample, in accordance with an embodiment.

[0030] FIG. 2B depicts an apparatos at a time B during stimultancous filling of sample

chambers of the apparatus with a fluid sample, in accordance with an embodiment.

[0031] FIG. 2C depicts an apparatus at a time C during simuolianeous filling of sample

chambers of the apparatos with a flnid sample, in accordance with an embodiracnt.

[0032] FIG. 2D depicts an apparatos at a time D during simolianeous filling of sample

chambers of the apparatus with a fluid sample, in accordance with an embodiment.

[0033] FiGs. 2E depicts an apparatus at a time E during simultaneous filling of sample

chambers of the apparatus with a fluid sample, in accordance with an embodiment.

[0034] FIG. 2F depicts an apparatus at a time F during simultaneous filling of sample

chambers of the apparatus with a fluid sample, in accordance with an embodiment.

[0035] FIG. 2G is a cross section of an inlet conduit having a conduit feature such as a raised

platform within a heat stake zone.

[0036] FIG. 2H is a perspective and section view of an apparatus showing a conduit feature
in a heat stake zone for the common fhuid Hne. FIG. 2135 a cross section view of the common
fhuid line of FIG. 2H showing the raised platform within the heat stake rone.

[0037] FIG. 21 is a top down view of an apparatus indicating a heat stake zone along each of

the independent fluid conduits. FIG. 2K 1s a cross section of one of the independent fluid

conduits in FIG. 23 showing the conduit feature or raised platform to facilitate heat staking the

channel.
[0038] FIG. 3A is an illustration of an independent fluidic pathway, in accordance with an
cmbodiment.

[0039] FIG. 3B 1s an illustration of an assay chamber, in accordance with an embodiment.

[0040] FIG. 4 is an tllustration of a portion of an apparatus for transmitting a fluid sample

from a fluid source into multiple sample chambers, in accordance with an embodinent.

[0041] FIG. 5 is a three-dimensional illustration of an assay chamber, in accordance with an

erabodiment.
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[0042] FIG. 6A is a three-dimensional illustration of a plug, in accordance with an

embodiment.
[0043] FIG. 6B 1s a cross-sectional dlustration of a plug, in accordance with an embodiment.
[0044] FIG. 6C s an enlarged view of FIG. 6B.

[0045] FIG. 7A is a three-dimensional, cross-sectional illustration of an assay chamber, in
accordance with an embodiment. FIG. 7B is an enlarged view of the interior of the assay

~

chamber and mixing ball of FIG. TA.

[0046] FIG. 7C and 7D are perspective and cross section views of the plug, mixing ball and

film used when asserubling an embodiment of the assay chamber of FIG. 7TA.
[0047] FIG. 8 is a cross section view of a plug having a flat bottom surface.

[0048] FIG. 9A is a section view of the plug in FIG. § having a dried reagent having a
volume vi along the entire plug botiom surface. FIG. 9B is a bottom up view of the plug of FIG,

9A showing the dried reagent volume v1 along the botiom surface.

[0049] FIG. 10A is a section view of the plug in FIG. § having a dried reagent having a
volume v2 partially covering the plug bottom surface having a width similar to the plug central
opening. FIG. 10B is a bottom up view of the plag of FIG.10A showing the dried reagent

volume v2 along the bottom surface.

[0050] FIG. 11A is a section view of the plug in FIG. 8 having a dried reagent having a
volume v3 along the plug bottom surface having a width that is less than the width of the plug
central opening. FIG. 118 is a bottom up view of the plug of FIG. 11A showing the dried

reagent volume v3 along the bottom surface within the width of the plug central opening.

[0051] FiGs. 12ZA and 12B illustrate a feature along the plug bottom surface for retaining a
volume of a dried reagent. FIG. 12A illustrates a raised feature having a rectangular cross

section. FIG. 128 illustrates a recessed feature having a rectanguiar cross section.

[0052] FiGs. 13A and 13B illustrate a feature along the plag bottom surface for retaining a
volume of a dried reagent. FIG. 13A illustraies a raised feature having a circular cross section.
FIG. 128 illustrates a recessed feature baving a circular cross section.

[0053] FIG. 14A is a section view of the plug in FIG. 13A having a dried reagent having a
volome vi along the entire plug bottom surface between the raised features. FIG. 14Bisa
bottom up view of the plug of FIG. 14A showing the dried reagent volume v1 along the bottom

surface within the boundary of the raised feature.
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[0054] FIG. 154 15 a section view of the plug in FIG. 13A having a dried reagent having a
volurse v2 along a portion of the plug bottom surface between the raised features. FIG. 15Bis a
bottom up view of the plag of FIG. 15A showing the dried reagent volume v2 along the bottom
surface within the boundary of the raised feature having about the same width as the plug open

central portion.

[0055] FIG. 16A is a section view of the plag in FIG. 13A having a dried reagent having a
volume v3 along a portion of the plug bottom surface between the raised features. FIG. 16Bisa
bottom up view of the plug of FIG. 16A showing the dried reagent volume v3 along the bottom
surface within the boundary of the raised feature having a width that is less than the width of the

plag open central portion.

[0056] FIG. 17 A is a section view of a plug baving a cavity as in FIGs. 6A and 6B haviong a
dried reagent having a volume v3. The cavity covers nearly all of the plug bottom surface. FIG.
178 is a bottom up view of the plag of FIG. 17A showing the dried reagent vohmue v1 along the

bottom surface within the cavity.

[0057] FIG. 184 is a section view of a plug having a cavity as in FIGs. 6A and 6B having a
dried reagent having a volume v2. The cavity covers less than all of the plug bottom surface and
is wider than the plug central opening. FIG. 18B is a bottom up view of the plug of FIG. 18A

showing the dried reagent volume v2 along the bottom sarface within the cavity.

[0058] FIG. 19A 15 a section view of a plag having a cavity as in Fls. 6A and 6B having a
dried reagent having a volume v3. The cavity covers less than all of the plug bottom surface and
is not as wide as the plug central opening. FIG. 19B is a bottom up view of the plug of FIG. 19A

showing the dried reagent volume v3 along the bottom sarface within the cavity,

[0059] FIG. 20 is a cross section view of an assay chamber taken through the inlet and the
outlet which shows the plag bottom sarface supported by a shonlder. The shoulder has a

recessed portion to accommodate the cavity in the plug.

[0060] FIG. 21 15 a cross section view of an assay chamber taken through the inlet and the
outlet which shows the plug bottom surface supported by a shoulder. The shonlder bas a
recessed portion to accornmodate the cavity in the plug. The shoulder height shown in FIG. 21 18

fess than the shoulder height of FIG. 20.

[0061] Fi(s. 22 is a cross section view of an assay chamber taken through the midpoint of the
chamaber showing the shoulder supporting the plug and the double tapered sidewalis towards the

ountlet.
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[0062] FIG. 23 is a cross section view of an opening in the optical side of an apparatus sized
to receive a plug to be supporled by the shonlder. The opening 1s covered by the first film laver

and the second film layer.

[0063] FIG. 24 is a cross section view of an opening in the optical side of an apparatus sized
o receive a plag to be supported by the shoulder. The shoulder and tapering sidewall are visible

in this view. A plng is shown inserted into the opening but not yet seated against the shoulder.

[0064] FIG. 25 is a perspective view of the optical side of an apparatus showing five plag
openings. The plug sapport rings are shown around each of the openings. The shoulders used to

support the plngs are visible within each of the openings.

[0065] FI(G. 26A is a cross section view of an assay chamber taken through the inlet and the
outlet which shows the plug bottom surface supported by a shoulder. The shoulder has a
shouider height for engaging the plug to provide a chamber depth. There is a recessed portion in

the shoulder to accommodate the cavity in the plag.

[0066] FIG. 268 is a view from the non-optical side of the plug and shonlder combination in
FIG. 26A. The shoulders support the plug, maintain the tapered sidewall and provide a recess so

that the cavity and dried reagents are exposed within the chamber.

[0067] FIG. 27A 15 a cross section view of an assay chamber taken through the inlet and the
outlet which shows the plug bottom surface supported by @ shoulder. The shoulder has a
shouolder height for engaging the plag to provide a chamber depth. There is a recessed portion in

the shoulder to accommodate the cavity in the plng.

[0068] FIG. 278 is a view from the non-optical side of the plug and shoulder combination in
FIG. 27A. The shoulders support the plug, maintain the tapered sidewall and provide a recess so

that the cavity and dried reagents are exposed within the chamber.

[0069] FIG. 28A 15 a cross section view of an assay chamber taken through the inlet and the
cutlet which shows the plug bottom surface supported by a shonlder. The shoulder has a
shoulder height for engaging the plug to provide a chamber depth. There 18 a recessed portion in

the shoulder to accommodate the cavity 1u the plug.

[0070] FIG. 288 is a view from the non-optical side of the plug and shoulder combination in
FIG. 28A. The shoulders sapport the plug, maintain the tapered sidewall and provide a recess so
that the cavity and dried reagents are exposed within the chamber.

[0071] FIG. 29A i3 a cross section view of an assay chamber taken through the inlet and the

outlet which shows the plug bottom surface supported by a shoulder. The shoulder has a
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shouider height for engaging the plug to provide a chamber depth. Therc is a recessed portion in

the shoulder to accommodate the cavity in the plug.

[0072] FIG. 29B 1s a view from the non-optical side of the plug and shoulder combination in
FIG. 29A. The shoulders support the plug, maintain the tapered sidewall and provide a recess so

that the cavily and dried reagents are exposed within the chamber.

[0073] FIG. 304 is a cross section perspective view of an assay chamber taken through the
inlet and the cutlet which shows the plug bottom surface supported by a shoulder. The shoulder
bas a shoulder height for engaging the plug to provide a chamber depth. There is a recessed

portion in the shoulder to accommoedate the cavity in the plug.

[0074] FI(G. 30B 15 a view from the non-optical side of the plug and shoulder combination in
FI(. 30A. The shoulders support the plug, maintain the tapered sidewall and provide a recess so

that the cavity and dried reagents are exposed within the chamber.

[0075] FIG. 30C represents the shape and the velume of an assay chamber formed using the

plug and shoulder counfiguration of FIGs. 304 and 308,

[0076] FIG. 31A is a cross section perspective view of an assay chamber taken through the
inndet and the outlet which shows the plug bottorn surface supported by a shoulder. The shoulder
has a shoulder height for engaging the plag to provide a chamber depth. There is a recessed

portion in the shoulder to accormmodate the cavity in the plug.

[0077] FIG. 31B is a view from the non-optical side of the plug and shoulder combination in
FIG. 31A. The shouolders support the plug, maintain the tapered sidewall and provide a recess so

that the cavity and dricd reagents are exposed within the chamber.

[0078] FIG. 31C represents the shape and the volume of an assay chamber formed uvsing the

plug and shoulder configuration of FIGs. 31A and 31B.

[0079] FIG. 32A is a cross section perspective view of an assay chamber taken through the
wnlet and the outlet which shows the plug bottom surface supported by a shoulder. The shoulder
has a shoulder height for engaging the plug to provide a chamber depth. There is a recessed

portion in the shoulder to accommodate the cavity in the plug.

[0080] FIG. 328 is a view from the non-optical side of the plug and shoulder corabination in
FIG. 32A. The shoulders support the plug, maintain the tapered sidewall and provide a recess so

that the cavity and dried reagents are exposed within the chamber.
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[0081] FIG, 32 represents the shape and the volume of an assay chamber formed using the

plug and shoulder counfiguration of FIGs. 32A and 32B.

[0082] FIGs. 321 and 32F are perspective and cross section views of the plug and cavity

used in the plug, shoulder and assay chamber shown in FIGs. 32A, 32B and 32C.

[0083] FIG. 33A is a cross section perspective view of an assay chamber taken through the
injet and the outlet which shows the plug bottom surface supported by a shoulder. The shoulder
has a shoulder height for engaging the plug to provide a chamber depth. There 15 a recessed

portion in the shoulder to accormnmodate the cavity in the plog.

[0084] FIG. 338 is a view from the non-optical side of the piug and shonlder combination in
FiG. 33A. The shoulders support the plug, maintain the tapered sidewall and provide a recess so

that the cavity and dried reagents are exposed within the chamber.

[0085] FIG. 33 represents the shape and the volume of an assay chamber formed using the

plug and shoulder configuration of F1Gs. 33A and 33B.

[0086] FI1Gs. 331y and 33K are perspective and cross section views of the plag and cavity

used in the plag, shoulder and assay chamber shown in FIGs. 334, 33B and 33C.

[0087] Fi(ss. 34A and 34B are non-optical side and optical side views, respectively, of an
apparatus having 4 mixture of plugs with optical transmuissive properties within an optical zone
and at least one plug without optical properties in another zone of the apparatus where optical

capabilities are not needed.

[0088] FIGs. 35A and 358 are nov-optical side and optical side views, respectively, of an

apparatus having only plugs with optical fransmissive properties.

[0089] FiIGs. 36A ~ 36K are an example sequence of loading a flnid sarmuple into a saruple

charaber as performed before the exeraplary filled chamber states shown in F1Gs. 3A and 3B.

[0090] FIG. 37 is an optical side view of an apparatus having five optically transmissive
plugs. There results viewed through each of the plags indicates that three charnbers have a

detectable emission and two chambers do not have a detectable enmmission.

DETAILED DESCRIPTION

[0091] Systems, devices, and methods for transmtting a fhuid sample from a floid source
into multipie saruple chambers, are provided herein. In some embodiments, the devices include a
plurality of independent, continuous fluidic pathways, each fhudic pathway comprising a sample
chamber connected to a fluid source, and a pneumatic compartment connected to the sample
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chamber. The ratio of the volume of the sample chamber 1o the volume of the pneomatic
compartment 15 sabstantially equivalent for each flodic pathway sharing the common fluidic
source. In some embodiments, the sample chamber of each flnidic pathway inchides a double
tapered chamber, a magnetic mixing element, and/or a plag. In some embodiments, the methods
include simultaneously {illing the plurality of sample charmbers with the {fuid sample. In some
embodiments, the methods include filling the sample chambers with a fluid sample, and mixing
the fluid sample in the sample chambers using a magnetic mixing element held within each

sampie chamber.

[0092] Before the disclosed embodiments are described in greater detall, it is to be
understood that this disclosure is not Hmited to particolar embodiments described, and as such
can, of course, vary. it is also to be understood that the terminology used herein is for the
purpose of describing particular embodiments only, and 15 not intended o be hmiting, since the

scope of the present disclosure will be limited only by the appended claims.

[0093] Where a range of values is provided, it is understood that cach intervening valoe, to
the tenth of the anit of the lower Hit undess the context clearly dictates otherwise, between the
upper and lower limit of that range and any other stated or intervening value in that stated range,
1s encompassed within the present disclosure. The upper and lower liruits of these srmaller ranges
can independently be included in the smaller ranges and are also encompassed within the present
disclosure, subject to any specifically excluded Hmit in the stated range. Where the stated range
includes one or both of the limits, ranges excloding either or both of those included limits are

also included in the present disclosure.

[0094] Below are examples of specific embodiments for carrying oot the present invention,
The examples are offered for illusirative purposes only, and are not intended to limit the scope of
the present invention in any way. Efforts have been made to ensure accuracy with respect to
nombers nsed {e.g., amounts, temperatures, et¢.}, but some experimental error and deviation

should, of course, be allowed for,

[0095] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which these disclosed
embodiments belong. Although any methods and materials similar or equivalent to those
described herein can also be used in the practice or testing of the disclosed embodiments,
representative illnstrative methods and materials are now described. Any recited method can be

carried out in the order of eveuts recited or 1n any other order which is logically possible.
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[0096] 1t is noted that, as used herein and in the appended claims, the singular forms “a,”

“an,” and “the” include plural referents unless the context clearly dictates otherwise.

SYSTEMS

[0097] Incloded in the disclosure are systems, devices, and methods for transrottting a fluid
sampie from a fluid source into multiple sample chambers. Systems according to the subject
ernbodiments include a Huid source and a plurality of independent, continuous fhadic pathways,
each fluidic pathway comprising a sample chamber connected to the {loid source, and a
prncumatic compartment connected to the sample chamber. The fluid source, the sample
chamber, and the pnenmatic compartment are used in conjunction with one another to transmit a

fluid sample from the fluid source into the sample chamber.

[0098] FIG. 1 is an illustration of an apparatos 100 for transmitting a foid sample from a
fhuid source into multiple sample chambers, in accordance with an embodiment. The apparatus
includes a common fluid source 101 connected to a plurality of independent, continuous fluidic
pathways. In aliernative embodiments, rather than inchuding the ten fhuidic pathways shown in
FIG. 1, the apparatus may inchade any number of flnidic pathways. For example, in some
erabodirnents, the apparatus may inclade two, {ive, twelve, or tweuaty independent, continuous

flnidic pathways.

[0099] Each independent, continuous fluidic pathway 110 of the plurality of independent,
continuous flmdic pathways comprises a sample chamber and a pneumatic compartment. In
some embodiments, each sample chamber comprises an entry conduit 122 and an assay chamber
121, In soroe further embodiments, each poeumatic compartment comprises a pneumatic conduit
132 and an air chamber 131. Therefore, in such implementations, each fluidic pathway comprises

an entry conduit, an assay chamber, a pneumatic conduit, and an air chamber.

[00100] The cormmon fluid source is an nlet, charaber, conduit, or the like capable of
supplying a flnid sample to ecach fluidic pathway of the apparatus at a supply pressure. The
coraroon {loid source 18 connected o, and 18 1 fluidic cormmunication with, cach fluidic pathway
of the plurality of {luidic pathways. In other implementations, as illustrated in FIG. 1, the
commen fluid source is connected to, and 15 in fluidic communication with, the entry conduit of
each fluidic pathway. Accordingly, the common fluid source can supply a fhiid sample to each

fluidic pathway of the apparatus via is respective ontry conduit.

[00101] The entry conduit of cach fluidic pathway is in torn connected to, and in fluidic

communication with, the assay chamber of the fluidic pathway. The assay chamber of the fluidic
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pathway is in turn connected to, and in fluidic communication with, the pneumatic conduit of the
fluidic pathway. In certain iroplementations, such as Wustrated in FIG. 1, the pneamatic
compartment comprises a pneumatic conduit that is in turn connected to, and in thudic
communication with, the air chamber of the fluidic pathway. In other implementations the
pneamatic compariment can be comprised of a single structure divectly connected to the sanmple

chamber, or the assay chamber thereof.

[00102] The terms “fluidic connection,” and “fluidic continuity” as uscd herein, refers to any
duct, channel, tube, pipe, or pathway through which a substance, such as a liquid, gas, or solid
may pass substantially unrestricted when the pathway is open. When the pathway is closed, the
substance is substantially restricted from passing through. Typically, Hmited diffusion of a
substance through the material of a substrate, which may or may not occur depending on the

compositions of the substance and materials, does not constitote fluidic communication.

[00103] Dae to the continuity of each fhuidic pathway, a fluid sample from the common {luid
source can travel throughout the fluidic pathway. Specifically, a fluid sample from the common
fluid source can travel throagh the entry conduit, tuto the assay chamber, through the pneomatic
conduit, and into the air chamber of each fluidic pathway. However, in some embodiments it
may be desirable to confine the fuoid sample to the assay chambers of the apparatus such that the
fluid sample is not lost to the pneumatic compartment. Such embodiments are described in
greater detail below, In some embodiments, the apparatus is oriented such that the fluid sample

travels into the assay chamber via the entry conduit against a gravitational force.

[00104] Excluding the connection between the common fluid source and the entry conduit of
cach fluidic pathway, each flutdic pathway 15 a closed system. As used herein, the term “closed
systemi” refers to a system that can exchange heat and energy but not matter, with its
surroundings. The term closed system is not intended to exclude limited permeability of gases,
such as water vapor or oxygen into the substrate in which the flaidic pathway is formed. In other
words, matter contained within a fluidic pathway cannot travel into or out of the fluidic pathway,
except via the connection between the common fluid source and the entry conduit of the {lndic
pathway. In certain methods of using the apparatus described herein, the fluidic connection
between the common fluid source and each of the fhudic pathways 1s sealed, e.g. by heat staking,

during operation of the method.

[00105] By secaling off a connection between the common fluid source and an entry conduit of
a fluidic pathway, the fluidic pathway becomes a completely closed system frorn which matter

cannot travel in or out, and for which, devoid of any changing variables, internal pressure within
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the fluidic pathway remains constant. One such embodiment of scaling off a connection between
the common fluid source and an entry conduit of a fnidic pathway 1s discussed in greater detail

below with regard to FIGS. 2E and 2F.

[00106] As noted above, each fluidic pathway includes a sample chamber and a pneamatic
comapartment. In turn, each sample charaber includes an entry conduit and an assay chamber, and

cach pneumatic compartment includes a pneumatic conduit and an air chamber.

[00107] The entry conduit is configured to transport a fluid sample from the common flnid
sonrce into the assay chawber of the fluidic pathway. The assay chamber is configured to contain
an assay. In some embodiments, an assay chamber may include features to facilitate the assay.
For example, in some embodiments discussed in further detail below with regard to FIG. 3B,
cach assay chamber is configured to minimize formation of bubbles during transmission of the
tlaid sample into the assay chamber. This feature is advantageous during assay actuation because
in some embodiments, bubbles prevent complete filling of the chamber or otherwise interfere
with the results of the assay. Additionally, in some embodiments discussed in further detail
below with regard to FIGS. 4-7, each assay chamber is configored to include a plug, and/or to

contain dried reagents and/or a magnetic mixing element to facilitate assay actuation.

[00108] The sample charober is fluidically connected to the pneumatic compartment. In those
embodiments comprising an entry conduit and an assay chamber, the assay chamber is connected
to a preumatic compartment of the fluidic pathway. As mentioned above, the pneumatic
compartment can inclode a pneamatic conduit and an air charober. The pneamatic conduit

connects the assay chamber to the air chamber of the fluidic pathway.

[00109] In embodiments in which each assay chamber of an apparatus is configured to contain
an assay as described above, it may be beneficial o control a rate of flow of a fluid saruple into
the assay chambers to ensure that each assay chamber is filled with a precise amount of fluid
sample, and to eosure that the coraposition of the floid sample 1s homogenous across all assay
chambers of the apparatus. This cnables standardization of assays that may take place in the
assay chambers, in some embodiments, Accordingly, the pnenmatic compartment of each fluidic
pathway is configured to control the {low rate of a fluid sample into the assay chamber of the
fluidic pathway according to the internal pressure of the pneumatic compartment. The
configuration and the function of the pueumatic compartments are discussed in greater detail

below.

[00110] Both the sample chamber and the preurnatic compartment of each flaidic pathway
have a volume. The sample chamber has a volume hereinafter referred to as the “fluoid volume”
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The fiuid volume of a fluidic pathway includes the volume of the eniry conduit and the volume
of the assay chamber of the fluidic pathway. Similarly, the pnenmatic compartment has a volume

w9

hereinafter referred to as the “pneunatic volume.” The pneumatic volume of a fluidic pathway
includes the volume of the pneumatic conduit and the volume of the air chamber of the fluidic
pathway. In order (o achieve concurrent {illing of gach sample chamber, particularly when the
volume of the sample chambers vary across the plurality of fluid pathways, the ratio of the fluid
volume to the pueumatic volume is the same for each {luidic pathway sharing a common fhad

SOUrce.

[00111] Prior to the introduction of a fluid sample into each fluidic pathway of an apparatus
by a common fiuid source, the fluidic pathways contain a gas, such as, e.g., air, at an initia} air
pressure. Throughout this disclosure air should be interpreted to encompass a mixture of
atmospheric gasses or any other gas mixture or pure gas that is compatible with the assays
carried out in the apparatus. Furthermore, as one skilled in the art would understand, any gas can
be used in place of air in the flnidic pathways of the devices and methods described herein. For
example, in some embodiments, air can be substitited with another gas, e.g., an inext gas such as,

¢.g., nitrogen or argon.

[00112] The imitial pressure of aiv within a fluidic pathway in part determines the internal
pressure of the fluidic pathway. When a flnid sample is introduced into the fluidic pathways by
the common fluid source, the air within each {lmidic pathway is displaced within the fluidic
pathway by the advancing fluid sample. Specifically, the advancing fluid sample enters each
fluidic pathway via an entry conduit of the fluidic pathway and displaces the air within the
fluidic pathway in a direction of the air chamber. As a result of this displacement, the volume
that is occupied by the air in the flnidic pathway decreases. As a result of this decreased volune
occupied by the air, the pressure of the air, and thus the internal pressure of the fhadic pathway,
increases. Specifically, the internal pressure increases proportionaily to the decrease in the

volume occupied by the air.

[00113] The balance of supply pressure and internal pressure within a flaidic pathway
determines a rate of flow of a fluid sample within the flnidic pathway. Specifically, if the interpal
pressure within the fluidic pathway is less than a pressure at which the floid sample is supplied to
the fluidic pathway, the fluid sample continnes to advance within the flnidic pathway, and
continues to displace the air contained within the fluidic pathway such that the internal pressure
increases. However, the closer in valoe that the internal pressure is to the supply pressure of the

fluid sample, the more pressure the air exerts on the fluid sample within the fluidic pathway, and

-21 -



10

15

20

25

30

WO 2019/183608 PCT/US2019/023764

the more the internal pressure retards a raie of flow of the fluid sample within the flnidic
pathway. Once the internal pressore within the floidic pathway equals the supply pressure of the
floid sample, the fluid sample stops flowing into the fluidic pathway. Accordingly, by
controlling a volame in which air is contained within a flnidic pathway, and thereby controlling
the internal pressure of the fluidic pathway, it 1s possible to countrol the rate of flow of the Thad

saruple within the fluidic pathway.

[00114] It may be desirable to control the rate of flow of a fluid sample within a fluidic
pathway in a variety of circumstances. Particularly, in certain embodiments, it may be desirable
to control a rate of flow of a fluid sample within a flnidic pathway such that the fluid sawmple is
confined to the sample chamber of the {luidic pathway and does not flow into the preumatic
compartment of the fluidic pathway. In other words, it may be desirable to control the rate of
flow of a flud sample within a flnidic pathway sach that the sample charaber (and 1o sorue
embodiments, the assay chamber in particular) is substantially filled with the fluid sample. As
used herein, the term “substantially filled” or “substantially foll” means that at least 80% of the
fluid volume of the sample chamber contains the fluid sample, and at most 10% of the pneamatic
volurme of the pneumatic compartment contains the fioid sample. In particular, filling 10% or
fess of the pneumatic volume of the pneumatic compartiment with the flaid sample does not

disrupt the operation of the apparatus.

[00115] TTo substantially fili a sample chamber of a fnidic pathway, the pressure at which the
fiuid sample is supplied to the sample chamber must equal the internal pressure within the fluidic
pathway when the sample chamber is substantially filled with the fluid sample. Furthermore,
becanse the fluid sample is confined to the sample chamber of the fluidic pathway when the
sample chamber is substantially filled. the air contained within the fluidic pathway is compressed
o the pueumatic compartment of the {tuidic pathway. Thus, (o substantially fill a sample
chamber of a fluidic pathway, the pressure at which the fluid sample is supplied to the sample
chamber must equal the internal pressure contained within the poeumatic compartiment of the

fluidic pathway when the samiple chamber is snbstantially filled with the flnid sample.

[00116] As mentioned above, internal pressure depends, in part. on the volume of air being
displaced from the sample charmber and, in part, on the volume confining the displaced air. Thus
when a fluid sample substantially fills the sample chamber of a flnidic pathway, the displaced air
is confined within the pneumatic compartment, and the internal pressure depends on the
pueumatic volume of the preumatic compartment and on the flnid volume of the sample

chamber.
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[00117] ‘Therefore, to achicve a balance between the internal pressure and the supply pressure
of the {loid sample when the sample chamber is substantially filled with the {lnid saruple, the
puewmatic volume of the fluidic pathway can be intentionally selected in view of the flud
volume of the sample chamber and the supply pressure. Additionally, as an initial internal
pressure within the {lnidic pathway and the supply presswre of the {luid sample are also factors in
achieving equivalence between the internal pressure contained within the pneumatic volume and
the supply pressure of the {lnid saraple, the ambient internal pressure within the fluidic pathway
and the supply pressure of the fluid sample can also be intentionally selected to ensure that the
supply pressure of the fluid sample equals the interpal pressure contained within the preuratic
compartment when the sample chamber is substantially filled with the fluid sampie. This
equivalence between the internal pressure and the supply pressure results in a net zero force on
the fluid sample contained within the thuidic pathway, thereby stopping the flow of the flud

sample into the fluidic pathway just when the sample chamber is substantially filled.

[00118] In further embodiments, it may be desirable to control the rate of flow of a fluid
sample within the multiple fluidic pathways of the apparatus such that the sample chamber of
cach fluidic pathway fills simultancously. However, as noted above, in some embodiments, the
floid volume of each fluidic pathway of the apparatus can differ. This variation in fluid volumes
means that if a fluid sarapie flows into cach flnidic pathway at the same rate, the saraple
chambers will not [l simaliavecusly. Rather, if the floid sample flows nto fhuidic pathways of
varying fluid volumes at the same rate, the fluidic pathways with smaller flnid volumes will fili

with the {lnid sample before the fluidic pathways with larger ftuid volumes.

[00119] To ensure that the sample chamber of each fluidic pathway fills simultaneously
regardless of its fluid volume, the flnidic pathways can be configured such that a rate of flow of a
fhuid sample into each fluidic pathway is proportional to the Huid vohume of the fluidic pathway.
For example, a first fluidic pathway with a fiuid volume that is twice the fiuid volome of a
second fuoidic pathway will be configured such that a rate of flow of a floid sample into the first
fluidic pathway is twice the rate of flow of the fhiid sample into the second fluidic pathway. In
this way, a sample chamber of the fivst fluidic pathway and a sample chamber of the second
fhuidic pathway will fill simultaneously.

[00120] As described above, a rate at which a fluid sample from the common fluid source
tlows into a fluidic pathway depends on an internal pressure of the fluidic pathway and the
supply pressure. Specifically, the closer in value that the internal pressure is to the supply

pressure, the more the internal pressure retards a rate of flow of the flnid sample within the
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flnidic pathway. Furthermore, as described above, the internal pressure of the contained air
depends, in part, on a volume in which the air is contained. Specificaily, air that is displaced nto
a portion of a {luidic pathway with a smaller volume will have a greater increase in pressure than
a similar volume of air that initially is displaced into a portion of the fluidic pathway with a

larger volume.

[00121] ‘Therefore, to configure the flnidic pathways such that a rate of flow of a fluid sample
into each fluidic pathway is proportional to the fimd volume of the fluidic pathway, each fluidic
pathway can be configured sach that the volume in which the air is contained is proportional to
the fluid volume of the fluidic pathway. In embodiments in which the sample chamber of the
fhuidic pathway is the portion of the fluidic pathway being filled with the fluid sample, the
volume in which the air is contained is the pneumatic volume of the fluidic pathway. Thus in
such embodiments, to achieve an inverse proporfionality between the internal pressure of a
fluidic pathway and the fluid volume of the fluidic pathway, cach flnidic pathway is configured
such that the pneumatic volume of the fluidic pathway is proportiounal to the floid volume of the

fiuidic pathway.

[00122] Furthermore, to achieve simultancous filling of the sampie chamber of each fluidic
pathway of au apparatus, this proportionality between the fluid volome of the {luidic pathway
and the pneumatic volume of the flnidic pathway must be the same for all of the fluidic pathways
of the apparatus. Specifically, a ratio of the fiuid voluroae to the preumatic volume of a fluidic
pathway must be sabstantially eguivalent for each fluidic pathway of the apparatius. Note that as
used herein, “substantially equivalent” means that the ratios of the {luid volume to the pneumatic

vohunse differ by no more than +/- 10%.

[00123]  iu certain emsbodiments, the volumes of the entry conduit and the prneamatic conduit
are neghigible relative to the volumes of the assay chamber and the air chamber, respectively.
Specifically, as used herein, “negligible” means that the volume of an entry conduit of a flaidic
pathway comprises no more than 0% of the volurae of an assay chamber of the {luidic pathway,
and stimilarly, the volume of the preumatic condutt of a fluidic pathway comprises no more than
10% of the volume of an air chamber of the {luidic pathway. Therefore, in such embodiments,
the finid volume of the sample charaber is coraprised, in large part, of the volume of the assay
chamber, and in small part, of the volume of the entry conduit. Similarly, in such embodiments,
the preumatic volume of the pneumatic compartment is comprised, in large part, of the volume

of the air chamber, and in small part, of the volume of the pueumatic conduit.
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[00124] In some embodiments, the fluid volume of one or more fluidic pathways of an
apparatus can differ. For example, a fluid volume of a first fluidic pathway of the apparatus can
be greater than a floid volume of a second fluidic pathway of the apparatas. This difference in
fluid volumes across the fluidic pathways of the apparatus can be the result of a difference in
volumes of the assay chambers and/or a difference in volumes of the entry counduits of the floidic

pathways.

[00125] In embodiments in which the fluid volume of one or more {fluidic pathways of an
apparatus differs, the pneumatic volume of the one or more finidic pathways of the apparatus
would also differ for reasons discussed in further detail below. A difference in pneumatic
volumes across the fluidic pathways of the apparatus can be the result of a difference in volumes
of the air chambers and/or a difference in volumes of the pneumatic conduits of the flnidic

pathways.

[00126] in embodiments in which the volames of the entry conduits and the pneumatic
conduits of the fluidic pathways are negligible relative to the volumes of the assay chambers and
the air chambers, to enable simultaneons {illing of the sample chamber of each fluidic pathway, a
ratio of the volume of the assay chamber to the air chamber of a fluidic pathway may be

substantially equivalent for each fluidic pathway.

METHODS

[00127] FIGS. 2A-2F depict the apparatus of FIG. 1 at a phurality of sequential tiroe poinds
during simultaneous filling of the sample chambers with a fluid sample from the common fluid
source, in accordance with an embodimend. In some embodiments, the apparatus is oriented
during filling of the sample chambers such that the flnid sample travels into the sample chambers
against a gravitational force. As described above with regard to FIG. 1, the fluid volume of cach
fluidic pathway of the apparatus may vary. Therefore, to enable simuoltaneous filling of the
sample chamber of each fluidic pathway of the apparatus, a ratio of the fluid volume to the
pnenmatic vohime is substantially equivalent for each fluidic pathway of the apparatus.

[00128] As shown in the legend at the bottom left-hand corner of FIGS. 2A-2F, air is denoted
within the fluidic pathways by white space. Contrastingly, the fluid sample is denoted within the
common fluid source and the fluidic pathways by black space.

[00129] FIG. 2A depicts the apparatus 200 at a time A. At the time A, the fluidic pathways are
filled with air 230. The air contained within the fluidic pathways at the time A is has an initial air

pressure that contributes, at least in part, to the internal pressure of the fluidic pathways. At the
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fime A, the common fluid source 201 supplies the fluid sample 260 to the fluidic pathways at a
supply pressure that is greater than the internal pressure within the fluidic pathways. Because the
sapply pressure of the floid sample is greater than the internal pressure within the fhadic
pathways, the fluid sample advances from the common fluid source toward the entry conduit 222
of each fludic pathway. As the fluid sample advances within the apparatus, the air contained
within the fluidic pathways is displaced by the fluid saraple toward the air charbers of the
apparatus. This displacernent of the air into a smaller volume caunses the pressure of the air, and
thus the internal pressure, to increase. As the internal pressure increases, the air exerts an
increasing ampount of pressure on the advancing fluid sample, thereby slowing the rate of flow of

the fluid sample.

[00130] FIG. 2B depicts the apparatus 200 at a time B that is subsequent to the time A. At the
time B, the common fluid source 201 continues to supply the fluid sample 260 to the fhadic

pathways at a supply pressure.

[00131] In some cmbodiments, throughout the filling of the sample chamber of cach fluidic
pathway, the supply pressure of the fluid sample is applied at a constant pressure. In other words,

the supply pressure at one time point is equivalent o the supply pressure at all other time points.

[00132] In alternative embodiments, the supply pressure is applied in a ramping fashion, such
that the sapply pressure increases over time from a lower pressure to a higher pressure. In other
words, the supply pressure at a first time point is greater than the supply pressure at a second
fime point subsequent o the first time point. In such embodiments in which the supply pressure
is applied in a ramping fashion, the supply pressure may increase linearly over time from a lower
pressure to a bigher pressure. In alternative embodiments, the ratoptong of the supply pressure
may follow a parabolic trajectory. In alternative embodiments, the ramping of the supply
pressure may follow any alternative trajectory. In embodiments in which the supply pressure is
applied in a ramping fashion, this ramping of the supply pressure can dislodge air bubbles that
may have formed within a sample chamber during filling, because the increasing supply pressure
compresses and detaches the bubbles from their positions within the sample chamber, enabling
the bubbles to be released into the preumatic compartment. In particular cmbodiments in which
the fluid sarople travels into the sarople chambers agaiust a gravitational force, this orientation of
the apparatus aids the detached bubbles in traveling to the top of the sample chamber and into the

pricumatic compartment.

[00133] Turning back to FIG. 2B, at the time B, the supply pressure is still greater than the

internal pressure within the fluidic pathways. Because the supply pressure of the fluid sample is
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still greater than the internal pressure within the flnidic pathways, the fluid sample continues to
advance into cach fhuidic pathway toward the air chamber 231 of the fluidic pathway.
Specifically, as shown in FIG. 2B, the {luid sample has advasced into at least the entry conduit
222 of cach fluidic pathway. Forthermore, the fluid sample has advanced into the assay chambers
221 of a portion of the {luid pathways. Accordingly, aiv is trapped within the fluidic pathways.
As the volame of fluid sample supplied to the flnidic pathways via the common fluid sonrce
wncreases, and accordingly as the fluid saraple advances within the {luidic pathways towards the
air chambers, the air contained within each fluidic pathway is displaced into a smaller volume
within the flutdic pathway. Accordingly, the internal pressure of the flnidic pathway increases.
As aresult of this increase in internal pressure of each fhuidic pathway, the air exerts an
increasing amount of pressure on the advancing {luid sample in the fluidic pathway, therchy

decreasing the rate of flow of the fhuid sample in the thudic pathway.

[00134] However, the internal pressure within each fluidic pathway does not increase
uniformly across all of the fluidic pathways of the apparatus. Rather, an ioternal pressure of a
fluidic pathway depends on the volume into whicly the air is displaced. Specifically, as the fluid
travels through cach of the channels, the air upstream of the fluid is compressed. The
compressed gas generates a back-pressure that resists the advancing fhnd flow. This back-
pressure s inversely proportional to the ratio of the contained volume over the original volurae
in accordance with the ideal gas law. For example, fhiid in a chanuel that 1s connected to a large
preumatic volume would experience a higher back-pressure than a fluid through a channel of the

saroe length that 1s connected (o g stoaller poeumatic volume.

[00135]  in turn, the velocity of the {fluid is proportional to the difference between the pressure
applied to the channel, and the back-pressure that comes from the compressed gas in the
pneumatic volume and upsiream channel. As such, fluid i a channel with a larger pneumatic
volume would travel faster than flnid in a channel of the same size with a smaller pnenmatic

volume.

[00136] Furthermore, as the upstream gas volume s further corapressed, the back-pressure
increases proportionally. Since the velocity of the fluid is proportional to the pressure
difference, the velocity of the {flnid gradually decreases as the channels fill. The fhuid flow stops
when the pressure applied to the fluid is equal to the back-pressure from the compressed

prncumatic volumes.

[00137]  As described above with regard to FIG. 1, 1o enable simultancous filling of the

sample chamber of each fluidic pathway, in some embodiments of the apparatus, each fluidic
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pathway 1s configured such that the pneumatic volume of the fluidic pathway is proportional to
the fluid volume of the fluidic pathway. For example, a flnidic pathway with a relatively large
floidic volume also has a relatively large pneumatic volume. Therefore, in such embodiments,
because a rate of flow of a fluid sample in a fluidic pathway is proportional to the pneomatic
volome of the flnidic pathway, the rate of flow of a fluid sample in a fluidic pathway is also
proportional to the fluid volume of the fluidic pathway. In other words, fluidic pathways with a
larger fld volume experience a relatively greater rate of flow of a fluid saruple than fluidic
pathways with a smaller fluid volume. This phenomenon can be seen in FIG. 2B. Specifically, as
scen in FIG. 2B, at the time B, the fluidic pathways with larger fluid volomes contain a larger
volume of the fluid sample than the fluidic pathways with smaller fluid volumes because the
thuidic pathways with larger flnid voluroes experience a relatively greater rate of flow of the fluid

sample than the ffuidic pathways with smalier fluid volumes.

[00138]  As further discussed with regard to FIG. 1, to achicve simultancous filling of the
sample charuber of each fluidic pathway of an apparatus, in some embodiments, the
proportionality between the fluid volume of the fluidic pathway and the pneumatic volume of a
fluidic pathway is the same for all of the fluidic pathways of the apparatus. Specifically, a ratio
of the fluid volume to the pneumatic volome of a fhiidic pathway is substantially equivalent for
cach fluidic pathway of the apparatus, Based on this substantial equivalence between the fluidic
pathways, the sample chamber of each fluidic pathway fills at a substantially proportional rate,
thereby enabling simultaneous filling of the sample chambers. As referred to herein,
“substantially proportional” means that the rates at which the sample chambers fill differ by no
more than +/- 10%. This phenomenon can also be seen in FIG. 2C. Specifically, as seen in FIG.
2C, at the time C, the same proportion of the sample chamber of each fluidic pathway is filled
with the fluid sample. This simultaneous {illing of the sample chambers occurs not only at the
time C, but throughout the filling of the sample chambers as discussed in more detail below with

vegard to FIGS. 2 and 2.

[00139] FIG. 2C depicts the apparatus 200 at a time C that is subsequnent to the time B. At the
time C, the common fluid source 201 continues to supply the fluid sample 260 to the fuidic
pathways at a supply pressure that is greater than the internal pressure within the fluidic
pathways. Because the supply pressure of the fluid sample is still greater than the internal
pressute within the fluidic pathways, the fluid sample continues to advance into each {lnidic
pathway toward the air chamber 231 of the fluidic pathway. Specifically, as shown in FIG. 2C,
the fluid saraple has advanced into the assay chamber 221 of each of the fluidic pathways of the
apparatus.
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[00140] The air trapped within each fluidic pathway is held at a pressure according o the
volurse 1o which the air s contained. Specifically, air contained within a smaller volume has a

greater pressore than air contained within a relatively larger volame.

[00141] Furthermore, the air trapped within cach fluidic pathway affects a rate of flow of the
fluid sample o the fuidic pathway according to the internal pressure of the fhudic pathway that
is dependent, at least in part, on the pressure of the trapped air. Specifically, air at a higher
pressure decreases a rate of {flow of the fluid sample in the fluidic pathway more than air at a
velatively lower pressure. Therefore, because aiy pressure is fnversely proportional o the volume
in which the air is contained, air contained within a smaller volume decreases a rate of flow of

the fluid sample in the fluidic pathway more than air within a farger volume.

[00142]  In the emsbodiment of the apparatas shown in FIG. 20, each fluidic pathway of the
apparatus is configured such that the pneumatic volume of the flmidic pathway is proportional to
the fluid volume of the flaidic pathway, and a ratio of the fluid volume to the pneumatic volame
of a fluidic pathway is substantially equivalent for cach fluidic pathway of the apparatus, As a
result, the sample chamber of cach fuidic pathway fills at a substantially proportional rate,

thereby enabling simultaneous filling of the sample chambers of the apparatus.

[00143] FIG. 2D depicts the apparatus 200 at a tirne D that is subsequent to the time C. At the
time D, the common fluid source 201 continues to sapply the fluid sample 260 to the fluidic
pathways at a supply pressure. However, at the time [, the internal pressure within each fluidic
pathway has increased such that the internal pressure within cach fluidic pathway equals the
supply pressure. Due to this equivalence between the supply pressure and the internal pressure

within each fluidic pathway, the fluid sample ceases to advance within the fluidic pathways.

[00144] Iu the embodiment shown in FIG. 2D, the {luid sample stops flowing into each fuidic
pathway when the fluid sample has substantially filled the assay chamber 221 of the fluidic
pathway. As discussed above, (o stop flow of the fluid sample into a fluidic pathway when the
assay chamber of the fluidic pathway is substantially filled, the internal pressure within the
preumatic volume and the supply pressure of the fluid sample must be equal when the assay
chamber is substantially filled with the {lnid sample. To accomplish this, the pneumatic volume
of the fluidic pathway, an initial air pressure within the fluidic pathway, and the supply pressure
of the fluid sample can be intentionally selected. In this way, the fhiid sample can be confined to

the assay chambers of the apparatus.

[00145] As forther shown in FIG. 2D, the assay chamber of cach fluidic pathway completes
filling at the same time D. In other words, the filling of the sample chambers of FIG. 2D s
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simultaneous, As discussed above, this simultancous filling of the sample chambers is the result
of the pueumatic volume of a fluidic pathway beiug proportional to the fluid volume of the
floidic pathway, and a ratio of the fluid volume to the pneumatic volume of a fhuidic pathway

being substantially equivalent for each fluidic pathway of the apparatus,

[00146] FIG. 2E depicts the apparatus 200 at a time E that is subsequent o the time D. At the
time E, the floid sample 260 has stopped flowing into the flnidic pathways, and the sample
chamber of each fuidic pathway is substantially filled. The level of the fluid saraple within each
fluidic pathway is maintained by the equilibrium between the supply pressure of the flnid sample

and the internal pressure within the poneumatic compartment of the fluidic pathway.

[00147] To maintain this level of the {luid sample within each flnidic pathway without
continued application of the supply pressure by the common {Tuid source 201, a portion of the
entry conduit 222 of each fluidic pathway can be sealed. One acceptable method of sealing the
entry conduifs is heat staking with a heated element 284 such that the fluidic pathway is sealed
off from the common fluid source. Note that the supply pressure of the flmid sample is

maintained doring the heat staking process as shown in FIG. 2E.

[00148] In some embodiments, a {irst film is adhered (o a surface of at least a portion of the
apparatus, such that the first film forms one wall of the entry conduit of cach fluidic pathway. In

one implementation the first film has a similar meliing point as the substrate of the apparatas.

[00149] in further embodiments, a second film is adhered (o the first {ilm. In such
embodirments, the second film has a higher melting point than the first film and the surface of the
apparatus such that when heat is applied to the apparatos via the beated element {o heat stake the
entry conduit of cach fluidic pathway, the first film and the surface of the apparatus melf prior to
the second film. This higher melting point of the second {iln prevents the pressurized fluid
sample from escaping from the fluidic pathways as the first film and the surface of the apparatus
are melted. The result of this heat staking process is a melted first filim, which forms a heat stake

203 as depicted in FIG. 2F.

[00150] TThe sealing process renders each fluidic pathway a completely closed system from
which matter canvot travel in or out, and for which, deveid of any chaoging variables, the

internal pressure within each flnidic pathway remains constant.

[00151] In embediments in which the assay chamber of each fluidic pathway is configured to
contain an assay, sealing the entry conduits is beneficial becanse it isolates the flnidic pathway
from the environment such that the assay can be performed in an enclosed and controlled volume

without contarnination across fluidic pathways or to the environment. Forthermore, the constant
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internal pressure locked into the fluidic pathway by the heat staking minimizes the formation of

bubbles within the assay chambers during actuation of the assay.

[00152] FIG. 2F depicts the apparatus 200 at a timoe F that is subsequent {o the time E. At the
time F, the heat staking process is complete, and the heat stake 203 is in place such each flaidic
pathway s sealed off frova the common fhad source 201, As a result of the heat staking, internal
pressure within each fluidic pathway remains constant such that the level of the finid sample is
maintained within cach {luidic pathway without the assistance of the supply pressure from the
commaon fluid source. Accordingly, as shown in FIG. 2F, the supply pressare from the common

fluid source s released. At this stage, the apparatus is prepared for use in one or more assays.

[00153] FIG. 2G is a cross section of 4 inlet conduit having a conduit feature such as a raised

platform within a heat stake zone.

[00154] FIG. 2H is a perspective and section view of an apparatus showing a conduit feature
in a heat stake zone for the common {oid line. FIG. 2115 a cross section view of the comunon

fluid line of FIG. 2H showing the raised platform within the heat stake zone.

[00155] FIG. 2§ is a top down view of an apparatus indicating a heat stake zone along each of
the independent finid conduits. FIG. 2K 15 a cross section of one of the independent fuid
conduits in FIG. 21 showing the conduit feature or raised platform to facilitate heat staking the

channel.

DEVICES

[00156] FIG. 3A is an illustration of an independent fluidic pathway 310, in accordance with
an embodiment. The independent fluidic pathway comprises a sample chamber 320 and a
pnegmatic compariment 330, The sample charober comprises an entry condait 322 and an assay
chamber 221. The sample chamber comprises a fluid volume. The pnenmatic compartment
comprises a preurnatic conduit 332 and an air chamber 331. The preumatic compartmaent

comprises a pneumatic volame.

[00157] The fluid volume and the preumatic volume of the fluidic pathway are configured to
contain air 350 andfor a fluid sample 360. As shown in FIG. 3A, air is denoted within the fluidic
pathway by white space. Contrastingly, the {laid sample is denoted within the fluidic pathway by

a crosshatch pattern.

[00158] 1u the embodiment shown in FIG. 3A, the fhud volome is substantially filled with the
fluid sample, and the pneumatic volume is filled with air. However, in aliernative embodiments,
the fluid volume and the preumatic volume may be filled with any ratio of the flnid sample
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and/or air, For example, prior to introduction of the flnid sample to the fluidic pathway, the
entire fluidic pathway can be filled with air. The process by which a fluidic pathway is filled

with the floid sample is discussed in detail below with regard to FIGS. ZA-2FK.

[00159] 'The entry conduit of the fluidic pathway is configured to transport the fluid sample
from a comroon {luid source into the assay chamber of the {uidic pathway. A portion of the
entry conduit that connects the entry conduit to the assay chamber is referred o as an entry

conduit terminus 323,

[00160] The assay chamber is configured to contain an assay. In some embodunents, the assay
chamber may inchude features to facilitate the assay. For example, as discussed in further detail
below with regard to FIG. 3B, the assay chamber 15 configured to miniruize formation of bubbles

during transmission of the fluid sample into the assay chamber.

[00161] The pneumatic conduit connects the assay chamber o the air chamber of the fluidic
pathway. A portion of the preumatic conduit that connects the pneumatic conduit to the assay

e

chamber is referred to as a pneumatic compartment terminus 333,

[00162]  As described below with regard to FIG. 1, the pneumatic compartment is configured
to control the rate flow of a fluid sample nto the assay charober of the fidic pathway according

o an internal pressure within the pneumatic compartment.

[00163] The independent fluidic pathway is a continuous system. Specifically, the entry
conduit is connecied to, and in {lnidic communication with, the assay chamber. The assay
chamber is connected fo, and in fluidic communication with, the pneumatic conduit. The

preamatic conduit is connected to, and in Huidic communication with, the air chamber.

[00164] As aresuit of the contingity of the independent {luidic pathway, a fhid sample can
travel thronghout the fluidic pathway. Specifically a fluid sample can travel through the entry
conduit, into the assay charaber, through the pneumatic conduit, and into the air chamber of each

fluidic pathway.

[00165] Excluding an opening at one end of the entry conduit, the independent flnidic
pathway 1s a closed systern. In other words, matter contained within the fludic pathway cannot
travel into or out of the fluidic pathway, except via the one opening of the entry conduit.
Therefore, by sealing off the one opening of the entry conduit, the fluidic pathway becomes a
completely closed system from which matter cannot travel in or out, and for which, devoid of

any changing variables, internal pressure within the floidic pathway remains constant.
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[00166] FIG. 3B is an illustration of an assay chamber 321, in accordance with an
embodiment. The assay charsber comprises an assay chamber volurue. In some embodiments,

assay chamber volume s between 1 pl and 35 pl.

[00167] As showsn in the fegend at the bottom left-hand corner of FIG. 3B, air 350 is denoted
within the assay chamber volume by white space. Condrastingly, a fluid sample 360 is denoted
within the assay chamber volume by a crosshatch pattern. In the embodiment of the assay
chamber depicted in FI1G. 3B, the sample chamber is substantially filled with the fluid sample. In
other words, at least 90% of the volume of the sample chamber contains the fluid sample, and at

most 10% of the pncumatic compartment contains the fluid sample.

[00168] As described above with regard to FIG. 1, 1o sowe emboditoents, the assay chamber
is configured to contain an assay. In snch embodiments, the assay chamber may inchide features
to facilitate the assay. For example, in the embodiment of the assay chamber depicted in FIG,
38, the assay chamber is configured to minimize formation of bubbles during transmission of the
fluid sample into the assay chamber. This feature is advantageous during assay actuation because
babbles alter the effective volome of the assay chamber and can interfere with the results of the

assay.

[00169] In the embodiment shown in FIG. 3B, to minimize formation of bubbles during
fransmission of the fluid sample into the assay chamber, the assay chamber comprises a doubled
tapered chamber 340. The role of the double tapered chamber in nuinimizing bubble formation is
discussed in greater detail below. The double tapered chamber comprises a tapered inlet 341, a

tapered outlet 342, a first curved boundary 344, and a second curved boundary 345.

[00170] TThe tapered inlet is an inlet of the double tapered chamber that is configured to
receive 2 {loid sample from an eniry conduit. Specifically, the tapered inlet is connected to, and
in finidic communication with, the entry conduif via an entry conduit terminus 323, As noted
above, the entry conduit termings 1 a portion of the entry conduit that connects the eniry conduit
to the assay chamber. Therefore, to receive a fluid sample in the double tapered chamber, the
fhuid sample travels through the entry conduit terminus and into the double tapered chamber via
the tapered infet.

[00171] ‘'The tapered outlet is an outlet of the double tapered chamber that is connected to, an
in fluidic communication with, a pncumatic corapartment via a pneumatic compartment terminus
333, As noted above, the pneumatic compartment terminus is a portion of a pnenmatic conduit of

the preurnatic compartinent that connects the pneumatic compartment o the assay chamber. The
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tapered inlet and the tapered outlet are separated by a largest dimension 348 of the assay

chamber volume.

[00172] Tu embodiments in which the douable tapered chamber is substantially filled with the
fluid sample, as shown in Fi(3. 3B, air may be contained within the pneumatic compartment,
including within the pneumatic compartiaent termotnus. In such embodiments, the tapered outlet
can serve to connect the fluid sample located within the double tapered chamber and the air
located within the preumatic compartment, such that the fluid sample can interface with the air.
This interface between the flnid sample and the air can be used to control a rate of flow of the

fluid sample, as discussed in detail above with regard to FIGS. 1-2D.

[00173] The double tapered chamber comprises two curved boundaries, the first curved
boundary and the second curved boundary. Each carved boundary extends from the tapered inlet
to the tapered outlet such that the two curved boundaries enclose the assay chamnber volume.
Therefore, the ounly pathways in or ot of the double tapered chamber are via the tapered inlet

and the tapered outlet, as described above.

[00174] Each curved boundary of the double tapered chamber comprises a midpoint.
Specifically, the first curved boundary comprises a fivst curved boundary midpoint 346 and the
second curved boundary comprises a second curved boundary midpoint 347, A distance between
the two curved boundaries decreases as the boundaries curve from the midpoint toward the
tapered inlet and from the midpoint toward the tapered outlet. In other words, each curved
bounndary is concave with regard to a center poiut 343 of the assay charnber voluome. In some
embodiments, this gradual decrease in the distance between the two curved boundaries as the
boundaries carve from their muidpoints toward the tapered inlet and the tapered outlet of the assay
double tapered chamber, oceurs at the same rate towards both the tapered inlet and the tapered
outlet, such that curved boundary 1s symmetric about the niidpoint of the curved boundary. In
further embodiments, this gradual decrease in the distance between the two curved boundaries as
the boundaries curve from their midpoints toward the tapered inlet and the tapered outlet of the
assay double tapered charber, occurs at the same rate towards both the tapered inlet and the
tapered outlet for both the first curved boundary and the second curved boundary, such that two
curved boundaries are symunetric to one another about the largest diroension of the assay

chamber volume.

[00175] As mentioned above, the configuration of the assay chamber as the double tapered
chamber showu in FIG. 3B mintmizes the formation of bubbles during transrutssion of the fluid

sampile into the assay chamber. Specifically, as the flnid sample flows into the double tapered
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chamber, the interface between the fluid sample and the air within the double tapered chamber
comprises a meniscus 361, The meniscus of the fluid sample inclades a leading front 362, The
feading front of the meniscus is a portion of the meniscus that leads the advance of the fhiid
sample within the assay charnber. In cmbodiments in which the finid samnple substantially fills
the assay chamber, such as the embodiment depicted in FIG. 3B, the leading front of the

meniscus is a portion of the meniscus that is in closest proximity to the tapered outlet,

[00176] To minimize formation of bubbles during transmission of the {luid sample into the
assay chamber, as the flnid sample flows into the double tapered chamber, the two carved
boundaries of the double tapered chamber slow the rate of advance of the fluid sample at the
leading front of the meniscus of the flaid sample, sach that when the fhiid sample reaches the
tapered outlet, the meniscus of the fluid sample is substantially symmetric with respect to the
largest dimension of the assay chamber. As used herein, “substantially syrometric” means that at
the point that the leading front of the meniscus of the fluid sample reaches the tapered outlet, the
trailing frovt of the meniscus is has progressed at least half of the distance from the wmdpoint of
the curved boundary to the tapered outlet. Ensuring that the meniscus of the fluid sample is
substantially symmetric with respect to the largest dimension of the assay chamber volume by
the time the fluid sampie reaches the tapered cutlet, minimizes the trapping of bubbles within the

assay chamber during filling.

[00177] FIG. 4 is an llustration of a portion of an apparatus 400, in accordance with an
embodiment. Similar to the embodiments of the apparatuses discussed above with regard {0
FIGS. 1-3A, the apparatus depicted in FIG. 4 comprises a plurality of Huidic pathways.
Farthermore, cach fhridic pathway is a continnous, independent fluidic pathway that inclades an
eniry conduit 422, an assay chamber 421, a pneumatic conduit 432, and an air chamber 431, The
comruon flod source and each fluidic pathway’s attachment thereto has been cropped from the

illustration of FIG. 4.

[00178] As noted above with regard to FIGS. 1 and 3A, excluding a connection between a
common fluid source and the entry condutt of a fluidic pathway, cach fluidic pathway 1s a closed
system. In some embodiments, to configure a fluidic pathway to be a closed system, the fluidic
pathway comprises one ot more bounding surfaces. For example, as discussed above with regard
to FIGS. 2 and 2F, a bounding surface of cach entry conduit of the apparatus may be a first film

and/or a second film.

[00179] Tu the embodiment of the apparatus shown in FIG. 4, the assay chamber of gach

flaidic pathway compriscs two bounding surfaces, such that the assay chamber is an enclosed

-35-



10

15

20

25

30

WO 2019/183608 PCT/US2019/023764

system except for a connection of the assay chamber to the eniry conduit and a connection of the
assay chamber to the pneamatic conduit. Specifically, as shown in FIG. 4, the assay chamber of
each fluidic pathway comprises a first bounding surface formed in a monolithic substrate 402,
and a second bounding surface formed by a plug cap 472, The plug cap is a portion of a plug
(Jabeled 10 FIGS. 6A-7) that protrades into the monolithic substrate at a depth. The plug is
placed within an opening of the monolithic substrate. Together, the monolithic substrate and the

plug cap form a continuons bounding surface of the assay charnber.

[00180] in some implementations, each assay chamber further comprises a third bounding
surface that is formed by a film. Tn such implementations, together, the monolithic substrate, the

phag, and the film enclose the assay chamber volume.

[00181] In certain embodiments, as shown in FIGS. 4-7, the plug cap includes a flange 473.
The flange comprises a projecting rim of the plug cap that can be welded and/or adhered to a
surface of the assay chamber, thereby stabilizing the position of the plug within the opening of
the monolithic substrate of the assay chamber such that the plug is not ¢jected from the opening
during pressurization of contents within the assay chamber. The configurations of the monolithic

substrate and the plug cap arce discussed in further detail below with regard to FIGS. 5-6B8.

[00182] FIG. S is g three-dimensional Husiration of an assay charmnber 521, in accordance with
an embodiment. As discossed in detail above, the assay chamber is connected to, and s in flnidic
comimurication with, both an enfry conduit 522, and a pneumatic conduif 532. Additionally, the

assay charaber is boonded by a monolithic substrate 502 and a plog cap 572.

[00183] In a preferred implementation, the monolithic substrate of the assay chamber is a
single structural component. In some embodiments, the monolithic substrate is injection molded.
T soroe exobodirents, such as the embodiment depteted in FIG. 5, the monolithic subsirate way
form a portion or all of a double tapered chamber, as discussed above with regard to FIG. 3B,
Specifically, the monolithic substrate may form the two curved boundaries of the double tapered

chamber, as discussed above with regard to FIG. 3B.

[00184] As mentioned above with regard to FIG. 4, the plug cap is a component of a plug
{labeled in FIGS. 6A-7). As also noted above, in some emnbodiments, the plug cap includes a
flange 573 that can be welded and/or adhered to a sarface of the assay chamber to stabilize the
position of the plug within the opening of the monolithic substrate of the assay chamber. The
phag protrudes into the monolithic substrate at a depth such that the component of the plag that is
visible on the exterior of the assay chamber 18 the plug cap. In embodiments in which the plug

cap incindes a flange, the flange is also visible on the exterior of the assay chamber as shown in
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FIGS. 4 and 5. In some embodiments, such as embodiments iy which the assay chamber is used
to contain an assay, the plag is transparent such that the assay within the assay chamber is

optically detectable from cutside of the assay chamber.

[00185] FIG. 6A is a three-dimensional illustration of a plug 670, in accordance with an
erabodirnent. The plug comprises a plug cap 672 and a plug body. Tu sorue erabodiments, such as
the embodiment shown in FIG. 6A, the plug cap alsc includes a flange 673. In further
cmbodiments, such as the embodiment shown in FIG, 6A, the plug cap also includes an internal

cavity 674, discussed in further detail below.

[00186] In some embodiments, such as the embodiments shown in FIGS. 4 and 5, the plug
comprises a bounding surface of an assay chamber. Specifically, the plag can be placed within
an opening of a monolithic sabstrate of the assay chamber such that the plug cap forms a
bounding surface of the assay chamber and the plug body protrudes into the monolithic substrate,
and also into the assay chamber, at a depth. In some embodiments, a volame of the assay
chamber depends at least in part on the depth at which the plug body protrades into the
monolithic sabstrate to form a boonding surface of the assay chamber. Specifically, the greater
the depth that the plug body protrudes into the assay chamber, the smaller the volume of the

assay chamber,

[00187] As noted above, in some embodiments, the plug cap includes the flange shown in
FIG. 6A. The flange can be welded and/or adhered to a surface of the assay chamber {o stabilize

the position of the plug within the opening of the monolithic substrate of the assay chamber.

[00188] As also noted above, in certain implementations, the plug cap may inclade the
internal cavity, as shown in FIG. 6A. The surface of the cap, including the optional internal
cavity, 1s in fluidic coromunication with the assay chamber. To certain exmbodiments, particularlty
in embodiments which an assay chamber is used to contain an assay, the internal cavity of the
phag body may contain one or more dried reagents {labeled in FIG. 7). In such erubodivuents, the

assay chamber can be used to re-hydrate and/or solubtlize the one or more dried reagents, as

discussed in further detail below with regard to FIG. 7.

[00189] FIG. 6B is a cross-sectional llusiration of the plug 670, in accordance with an

embodiment.

[00190] FIG. 6C is an enlarged view of the cross section view in FIG. 68, FIG. 6C is a cross
section view of a plug 679. The plug 670 has a bottor swrface 676 and a cavity 674 containing
dried reagents 75. An annulus 680 is formed in the bottom surface 676 around a perimeter of the

cavity 674, The cavity 674 bﬁ"{iﬂS with an ELH"{}C of intiation 686 which 1s measared from the
& &
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plug bottom surface towards the cavity surface. The angle of initiation may vary depending
upon the desired about of dried reagents to be held in the cavity 674, The geometry of the cavity
and initiation angle 686 may also be selected to minimize fmpact on the transmussive qualities of
the plug 670, The shape of the cavity inclading the initiation angle may be sclected to optimize
the ability of a plug to be transmissive (o excitation wavelengths and emission wavelengths
within a spectrum used with an apparatus. In one exeraplary aspect, the excitation and emission

wavelengths are in at least one of a ved spectrum, a blue specirum and a green spectrur.

[00191] in varicus embodiments, an initiation angle 686 is selected to provide a cavity 674 of
different depths. In one embodiment, there is a cavity having a depth that is less than is less than
S0% of the plug thickness 685, In another embodiment, there is a cavity baving a depth that is
less than is less than 70% of the plag thickness 685, In still another embodiment, there is a
cavity having a depth that is less than is less than 50% of the plug thickness 683, In still other
embodiments, the initiation angle 686 is 60 degrees or less. In another embodiment, the
initiation angle 686 is 30 degrees or less. o vet another embodiment, the inttiation angle 686 is

20 degrees or less. In yet another embodument, the initiation angle 686 is 10 degrees or less.

[00192] FIG. 7A is a thuee-dimensional, cross-sectional illustration of an assay chamber 721,
w accordance with an embodiment. FIG. 7B 1s an enlarged view of the interior of the assay
chamber and mixing ball of FIG. 7TA. FIG. 7C and 71 are perspective and cross section views of
the plug, mixing ball and {ilro used when assembling an embodiment of the assay chamber of
FIG. 7A.

[00193] As described above, the assay chamber is connected to, and in fluidic communication
with, both an entry condoit 722 and a pneumatic conduit 732, Also as described above, the assay
chamber is bounded by a mouolithic substrate 702 and a plug 770. In particular, the plag is fixed
within an opening in the monolithic substrate such that a plug body 771 protrudes nto
monolithic substrate at a depth, and a phug cap 772 forms a bounding surface of the assay
chamber. A volume of the assay chamber depends, in part, on the depth at which the plug body
protrudes into the monolithic substrate. In further embodiments, the assay chamber can also be

bounded by a film.

[00194] As discussed above, the assay chamber may include featores to facilitate an assay.
For instance, in some embodiments, the plag is transparent such that an interior of the assay
chamber is optically detectable from ountside of the assay chamber. As noted above, in some
embodiments, the plug cap includes a flange 773. The flange can be welded and/or adhered to a

surface of the assay chamber to stabilize the position of the plug within the opening of the
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monolithic substrate of the assay chamber. As also noted above, in certain implementations, the
plug cap includes an internal cavity 774, In some embodiments, the internal cavity of the plug
cap may contain dried reagents 775 for use in an assay. The dried reagents can be re-hydrated
and/or solubilized by a fluid sample that enters the assay chamber via the entry conduit as

discussed above.

[00195] To decrease the amount of time required o rehydrate and/or solubilize the dried
reagents, the interior of the assay chamber may contain a magnetic mixing element 781 that 15
capable of gyration. Gyration of the magnetic mixing element can aid in mixing contents
contained within the assay chamber, and thercfore can aid in rehydrating and/or solubilizing the
dried reagents. In some embodiments, the magnetic mixing element may be spherical in shape.

In alternative embodiments, the magnetic mixing clement may comprise any alternative shape.

[00196] TTo drive gyration of the magnetic mixing element within the assay chamber, an
exterior magnet 782 that is capable of rotation may be located exterior to the assay chamber. To
drive rotation of the exterior magnet such that the exterior magnet induces gyration of the
magnetic mixing element, o sore embodiments the exierior magnet may be mechanically
coupled to a motor 783 capable of driving rotation of the exterior magnet. By rotating the

extlerior magnet, gyration of the magnetic roixing element within the assay chamber is induced.

5 OJ

[00197] In embodiments in which the exterior magnet is located above a center of the assay
chamber, the exterior magnet may induce balanced spinning of the magnetic mixing element
within the assay chamber. Balanced spioning i ineffective in roixing contents. Therefore, to
avoid balanced spinning of the magnetic mixing clement such that contents contained within the
assay chamber are more effectively mixed, in some embodiments, such as the embodiments
shown in FiGs. 7TA-TD, the exterior magnet is located off-center of the assay chamber. By
locating the exterior magnet &off-center of the assay chamber, the magnetic mixing clement
does not rotate in a perfectly balanced fashion within the center of the assay chamber, but rather
moves around the assay chamber in 4 gyrating motion, This more effectively mixes contents

contained within the assay charaber.

[00198] Figures 7TA-7D provide multiple views of an assay chamber 721, in accordance with
an embodiment. As llustrated in FIG, 78, the assay chamber s connected to, and in fluidic
communication with, both an entry conduit 722 and a puenmatic conduit 732, In this
implementation, the assay chamber is bounded by a plug 778, a film 742 and a monolithic
substrate 742, 1o which a first curved boundary 744 and second curved boundary 745 ave formed.

The plug is fixed within an opening in the monolithic substrate such that a phug body 77§
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protrudes into monolithic substrate at a depth. The bottom surface of the plug 778 having a
cavity 774 forms one bounding surface of the assay chamber. The monolhithic substrate defines a
second bounding sorface and the film defines the final bounding surface of the assay chamber. A
volume of the assay chamber depends, in part, on the depth at which the plug body protrudes into

the monolithic substrate.

[00199] As discussed above, the assay chamber may include featares to facilitate an assay.
To decrease the amount of tiroe required to rehydrate and/or solubilize the dried reagents, the
interior of the assay chamber may contain a magnetic mixing element 787 that is capable of
gyration. Gyration of the magnetic mixing element can aid in mixing contents contained within
the assay chamber, and therefore can aid in rehydrating and/or solubilizing the dried reagents. In
some embodiments, the magnetic mixing element may be spherical in shape. In alternative

embodiments, the magnetic mixing element may comprise any alternative shape.

[00200] Figure 7A is a three-dumensional, cross-sectional iflustration of a mixing system
according to the invention, To drive gyration of the magnetic mixing clement 78§ within the
assay charaber, an exterior magnet 782 that is capable of rotation may be located exterior to the
assay chamber. To drive rotation of the exterior magnet such that the exierior magnet induces
gyration of the magnetic mixing eleruent, in some embodiments the exierior magnet may be
mechanically coupled to a motor 783 capable of driving rotation of the exterior magnet. By
rotating the exierior magnet, gyvration of the magnetic mixing clement within the assay chamber
is induced.

[00201] In embodiments in which the exterior magnet is located above a center of the assay
chamber, the exterior magnet may induce balanced spinning of the magnetic mixing elernent
within the assay chamber. Balanced spinning is ineffective in mixing countents. Therefore, {0
avoid balanced spioning of the magnetic mixing clement such that contents contained within the
assay chamiber are more effectively mixed, in some embodiments, sach as the embodiments
shown in FIG. TA, the exterior magnet is focated off-center of the assay chamber. By locating
the exterior maguoet off-center of the assay chamber, the magoetic mixing clevnent does not rotate
in a perfectly balanced fashion within the center of the assay chamber, but rather moves arcund
the assay chamber in a gyrating motion. This more effectively ruixes contends contained within
the assay chamber. In an alternative embodiment, the exterior magnet could move in any non-
circular route, ¢.g. side to side, in order to induce movement of the mixing clement within the

mixing chamber. In yet another implementation, movement of the mixing element can be
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induced by a nonmagnetic force, ¢.g. by vibration or other movement of the assembly containing

a ruixing charober.,

[00202] FIG. 7C provides a three-dimensional blown-out side-view illustration of a mixing
chamber. FIG. 7D illustrates the same blow-out configuration in a cross-sectional view, wherein
the crass section is made perpendicular o the direction of {laid flow, 1.e. from the inlet {o the
outlet. The parts of the mixing chamber can be assembled in any order that one of ordinary skill
might find useful and convenient for the specific implementation. In one method of assembly,
the method comprises a first step of providing a monolithic substrate having an inlet condwit 722,
an outlet conduit, a first curved boundary, a second curved boundary and an opening for 4 plag
798 formed therein. In a second step a film 712 is attached to the surface of the wonolithic
substrate that is opposite of the opening for the plug. The film can be attached to the monolithic
substrate using any method konown in the art, e.g. with adhesive or welding, such as heat staking
or laser welding. In a third step, a ball is placed in the mixing chamber bounded by the
monolithic substrate 782 and the flw 712, To a fourth step, a plus 778 is 1nserted into the
opening in the monolithic substrate to form the final bounding surface of the mixing chamber.
The plug can comprise onc or more dried reagents placed within a cavity 774 of the plug or
otherwise on the bottom sarface of the plng. Optionally, the method can further comprise the
step of welding the plug to the monolithic substrate. Such welding seals the interface between
the monolithic substrate and the plug fo elivoinale the potential for leaking i or when the mixiug

chamber is pressurized.

[00203] An alternate assembly method comprises providing a monolithic substrate as
described herein, inserting a plug into the opening in the monolithic sabstrate 798, placing a
mixing element in the mixing chamber formed by the substrate and plug, and attaching a film to
the substrate. Optionally, the plag can be welded to mouvolhithic substrate at any point after
insertion.
[00204] Yet another assembly method comprises providing a plug 778, optionally having a
dried reagent thereon, placing a mixing element in the cavity 774 of the phug, inserting the plug
into an opening of a monolithic substrate having feature as described herein, and then attaching a
film 1o the substrate on the face opposite {0 the face in which the plug was inserted.
EXAMPLES
[00205] Several separate experiments were performed to determine operational ranges of the
magnetic mixing element described above with regard to FIGs, TA.

[00206] FExample 1 Unidirectional mixing
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[00207] A first experiment involved rehydrating dried reagents using unidivectional gyration
i a device as iHastrated in FIG. 7A for 60 seconds at 1.030rpm and 2,060rpm. Additional dried
reagents were rebydrated using a standard laboratory benchtop protocol for nse as a positive
control. These rehydrated reagents were used to amplify nocleic acid sequences using LAMP.
The performance of the positive control was used as a baseline to which the resolts of the two

device rehydration conditions were compared.

[00208] The resuits of the first experiment are depicted below in Table 1. Counsidering the
standard deviation of the Time-to-Positive (Tp) and the percentage of reactions that resaited in
araplification, the cxperiment results demonstrate that 1,030rpm is insufficient to rehvdrate dried
reagents when utilizing unidirectional gyration for 60 seconds. Increasing the gyration speed {0
2,060rpm decreases the standard deviation and results in 100% amplification, suggesting

ncreased gyration speed is necessary {or unidirectional mixing.

Table 1

Average Tp | Std Dev Reactions that
Condition
{min} {min) Amplified
Device - 1,030 rpm gyration (n=3) 15.0 4.04 83%
Device - 2,060 rpm gyration (n=3) 10.9 2.11 100%
Positive Conirols (n=4) 10.0 0.29 100%

[00209] Exampie 2: Alternating gyration low speed

[00210] A second experiment - performed in two separate parts - involved alternating the
gyration direction every 15 seconds for 60 seconds using a gyration speed of 1,030rpm.
Additional dried reagents were rehydrated using a standard laboratory benchtop protocol for use
as a positive control. These rehydrated reagents were used to araphify nocleic acid sequences
using LAMP. The performance of the positive control was used as a baseline to which the results
of the device rehydration condition were compared.

[00211] The resuits of the second experiment are depicted below in Table 2. In comparison o
the results of 1,030rpm unidirectional gyration in the Example 1, these results demonstrate that
alternating the gyration direction every 15 seconds improves the rehydration performance of the

device and permits a lower gyration speed to be employed.
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Tabile 2
Average Tp Std Dev Reactions that
Condition
(min) (min) Amplified
Device - 1,030 rpm gyration (n=3) 9.7 0.33 100%
Positive Controls (n=6) 94 0.74 100%

[00212]  Exampie 3: Alternating gyration medium speed
[00213] A third cxperiment involved alternating the gyration direction every 15 seconds for
60 seconds asing a gyration speed of 2,060rpr. The remainder of the protocol was identical to

the second experiment.

[00214] The results of the third experiment are depicted below in Table 3. In contrast to the
results of 2,060rpm unidivectional gyration 1y Hxarople 1, these results demonstrate that
alternating the gyration direction every 15 seconds improves the device's rehydration
performance even at 2,060rpro by reducing the standard deviation of the rehydrated reagents
Time-to-Positive. These results further indicate that the increased shear caused by alternating the

gyration direction does not noticeably damage the rehydrated enzyme.

Table 3
. Average Std Dev | Reactions that
Condition ] . u o
Tp {min) {min} Amplified
2,060 rpro, aliernating gyration directions
5.49 .633 100%
{n=3}
Positive Controls (ni=d) 8.88 .304 100%

[00215] The extent of rehydration of dried reagents rehydrated with the device using
2,060rpm alternating gyration for 60 seconds was compared to controls rehydrated using the
standard laboratory benchtop protocol. Concentration of the resulting solutions was quantified
against a standard curve using a spectrophotometer. The results of the fourth experiment are
depicted below in Table 4. These results further demonstrate that the device is capable of

matching the rehydration performance of the standard benchtop protocol.
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Table 4
o Percent of 1x
Condition ) Std Dev
Concentration
Device (n=4) 82.2% 2.2%
Conirols (n=2) 31.0% 1.8%

[00216] Example 4: Extended alteraating gvration

[00217] A fourth experiment invoived unidirectional gyration at 2,060rpm for 30 seconds and
45 seconds rather than the 60 second daration used by the three proceeding experiments. The

remainder of the protocol was identical (o that described in Example 2 and Example 3

[00218] The results of the fourth experiment are depicted below in Table 5. These resuits
dernonsirate that the device is capable of rehydrating dried reagents o an acceptable degree in
fewer than 60 seconds. Incorporating the resunlts of Example 2, the addition of alternating

gyration divection has the potential to further strengthen this capability.

Table 5
Sample Average Ty StdDev T,
45 seconds 10.27 0.712
30 seconds 10.01 0.390
Diry down control (n=4) 923 0.327

[00219] Example 5: No loss of nucieic acid

[00220] Yo confirm that no nucleic acid is lost by virtue of mixing within a device as
described o FIGS. 1-74, a known concentration of nucleic acid target was loaded info the device
without the presence of dried reagents for 60 seconds with 2,060 rpm alternating gyration and no
gyration. The concentration of resulting nucleic acid solutions were compared to the original

input solution via RT-gPCR.

[00221] The resuits of the first experiment are depicted below in Table 6, which demonstrate
that neither the surface of device itself nor the act of gyrating the mixing bead results in

detectable nucleic acid loss or damage.
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Table 6
Average of All Middle Standard Deviation of
Aliguot Cgs All Middle Aliguot Cys
2,060 rpmy; aliernating 25.31 0.167
No mixing 25.44 0.223
Positive control 2497 0.611

[00222] Example 6: Heat staking

[00223] One experiment was performed to demonstrate the effectiveness of heat staking the

apparatus, as described with regard to FIGS. 2F and 2F.

[00224] A test coupon was construcied, consisting of five wells, each connected o its own
preuniatic compartment. The volumes of the wells (including the channels leading into the welis
from the coromon line and the pneumatic conduit leading to the air chamber from the assay
chaniber) were 5.28 mm’, 7.56 o, 13,12 mm’, 5.32 o, and 9.96 m’, respectively. The
volumes of the air chambers were 9.24 mun®, 13.22 mw’, 22.96 mm®, 9.29 mm’ and 17.43 mnd’,
respectively. Water was filled into the sample coupon at a ramped pressure of 9.2 and 10 psi
The assay chambers filled evenly, and without significant bubbles caused by the filling process
itself. At 9.2 psi, the wells were all substantially filled and at 10 psi, the wells were completely
filled and the fluid extended into the pneumatic conduit connecting the wells to the air chambers.
Therefore, a pressure o between the two (for nstance 9.6 psi) was assamed to be ideal for

complete filling.

[00225]  After heat staking, the finidic pathways hold pressure on both sides; air and water {to
10 psig). Furtherroore, the fhuidic pathways still hold pressure 10 days after heat staking (as

observed by doming of pressurized wells and no liguid leakage.)
[00226] Example 7. Amplification and detection

[00227] One experiment was performed to demonstrate that alter heat staking the flndic
pathways described with regard to FIGS. 1-7A, beating the fluidic pathways does not induce
significant bubble formation within the sample chamber. A test coupon was constructed,
consisting of five wells, as described in Example 6.

[00228] Isothermal Amplification Buffer (New England Biolabs} suppiemented with MgCl,
dNTPs, LAMP primers, FAM-molecular beacon probe, Bst 2 polymerase (New England
Biolabs), and RTx Warmustart (reverse transcriptase; New England Biolabs), and 100,000 copies

of CT 238 DNA (as template) was filled into the sample coupon with pressure ramping o 13 psi.
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The coupon was then heat staked and heated to 64°C. Very small bubbles formed in some assay
chambers during the first few mwinutes at elevated temperatore. Over the course of 30 minutes,
these tiny bubbles were stable and did not interfere with amplification or image processing.
Amplification within cach of the five wells was visually detectable within 9-135 minutes of

exposure {0 647,
[00229] FIG. 8 is a cross section view of a plug having a fiat bottom surface.

[00230] FIG. 9A is a section view of the plug in FIG. 8 having a dried reagent having a
volume vi along the entire plug bottom surface. FIG. 9B 18 a bottows up view of the plug of FIG.

9A showing the dried reagent volume v1 along the bottom surface.

[00231] FiG. 10A is a section view of the plug in FIG. 8 having a dried reagent having a
volome v2 partially covering the plug bottom surface having a width similar to the plug ceniral
opening. FIG. 10B is a bottom up view of the plug of FIG.10A showing the dried reagent

volurse v2 along the bottom surface.

[00232] FIG. 11A is a section view of the plag in FIG. 8 having a dried reagent having a
volume v3 along the plug bottom surface having a width that is less than the width of the plag
central opening. FIG. 118 is a bottom up view of the plug of FIG. 11A showing the dried

reagent volume v3 along the bottom surface within the width of the plug ceniral opening.

[00233] FIGs. 12A and 128 illustrate a feature along the plag bottom surface for retaining a
volume of a dried reagent. FIG. 12A illustraies a raised feature having a rectangular cross

scction. FIG. 12B illustrates a recessed feature having a rectanguiar cross section.

[00234] FiGs. 13A and 13B illustrate a feature along the plug bottom surface for retaining a
volame of a dried reagent. FIG. 13A illustrates a raised feature having a circular cross section.

FIG. 12B illustrates a recessed feature having a circular cross section.

[00235] FIG. 14A is a section view of the plug in FIG. 13A having a dried reagent having a
volume vi along the entive plug bottom surface between the raised features. FIG. 14Bisa
bottom up view of the plug of FIG. 14 A showing the dried reagent volume v1 along the bottom

surface within the boundary of the raised feature.

[00236] FIG. 13A is a section view of the plug in FIG. 13A having a dried reagent baving a
volume v2 along a portion of the plug bottom surface between the raised features. FIG. 15Bis a
bottom up view of the plag of FIG. 15A showing the dried reagent volume v2 along the botiom
surface within the boundary of the raised feature having about the same width as the plug open

central portion.
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[00237] FIG. 16A is a section view of the plug in FIG. 13A having a dried reagent having a
volurse v3 along a portion of the plug bottom surface between the raised features. FIG. 16Bis a
bottom up view of the plug of FIG. 16A showing the dried reagent volume v3 along the bottom
surface within the boundary of the raised feature having a width that is less than the width of the

plug open central portion.

[00238] FIG. 17A is a section view of a plug having a cavity as in FIGs. 6A and 6B having a
dried reagent having a volume v3. The cavity covers nearly all of the plug bottom surface. FIG.
178 is a bottom up view of the plag of FIG. 17A showing the dried reagent volimue v1 along the

bottom surface within the cavity.

[00239] FIG. 18A is a section view of a plug baving a cavity as in FIGs. 6A and 6B having a
dried reagent having a volume v2. The cavity covers less than all of the plug bottom surface and
is wider than the plug central opening. FIG. 18B is a bottom up view of the plug of FIG. 18A

showing the dried reagent volume v2 along the bottom sarface within the cavity.

[00240] FIG. 19A is a section view of a plug having a cavity as in FIGs. 6A and 6B having a
dried reagent having a volume v3. The cavity covers less than all of the plug bottom surface and
is not as wide as the plug central opening. FIG. 19B is a bottom up view of the plug of FIG. 19A

showing the dried reagent volume v3 along the bottom surface within the cavity.

[00241] FIG. 20 s a cross section view of an assay chamber taken through the inlet and the
cutlet which shows the plug bottom surface supported by a shonlder. The shoulder has a

recessed portion to accommeodate the cavity in the plug.

[00242] FIG. 21 i5 a cross section view of an assay chamber taken through the inlet and the
outlet which shows the plng bottom surface supported by a shoulder. The shoulder has a
recessed portion to accommodate the cavity in the plug. The shoulder height shown in FIG. 21 is

fess than the shouider height of FIG. 20.

[00243] FIG. 22 is a cross section view of an assay chamber taken through the midpoint of the
chamber showing the shoulder supporting the plug and the douable tapered sidewalls towards the

ountlet.

[00244] FIG. 23 is a cross section view of an opening in the optical side of an apparatus sized
to receive a plug to be supported by the shonlder. The opening 1s covered by the first film laver

and the second film layer.
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[00245]  FI(. 24 is a cross section view of an opening in the optical side of an apparatus sized
to receive a plug to be supported by the shonlder. The shoulder and tapering sidewall are visible

i this view. A plug is shown inserted into the opening but not vet seated against the shoulder.

[00246] FiG. 25 is a perspective view of the optical side of an apparatus showing five plag
openangs. The plug support tings are shown around each of the openings. The shoulders used (o

support the phugs are visible within each of the openings.

[00247] FiG. 26A is a cross section view of an assay chamber taken through the inlet and the
outlet which shows the plog bottom swrface supported by a shoulder. The shoulder has a
shoulder height for engaging the plug to provide a chamber depth. There is a recessed portion in

the shoulder to accommodate the cavity in the plug.

[00248] FIG. 268 is a view from the non-optical side of the plug and shoulder corubination in
FiG. 26A. The shoulders support the plug, maintain the tapered sidewall and provide a recess so
that the cavity and dried reagenis are exposed within the chamber. The shoulder and phag

configuration illustrated in FIGs. 26A and 26B produces 2 7.5 pl well.

[00249] FIG. 27A is a cross section view of an assay chamber taken through the inlet and the
outlet which shows the plug bottom surface supported by a shoulder. The shoulder has a
shouider height for engaging the plug to provide a chamber depth. Therc is a recessed portion in

the shoulder to accommodate the cavity in the plug.

[00250] FIG. 27B is a view from the non-optical side of the plug and shoulder combination in
FIG. 27A. The shoulders support the plug, maintain the tapered sidewall and provide a recess so
that the cavily and dried reagents are exposed within the chamber. The shoulder and plug
configuration illustrated in FiGs. 27A and 27B produces a 3.9 ul well. The plugs and bore sizes
of the plug and shoulder combinations in the tllustrative embodiments of FIGs. 26A-278 have
the same bore opening of 4.7 mum measured at the fhuid end of the body. Advantageously, these
examples of illustrate how different shoulder dirensions {such as shoulder height) may be used
to provide different volumes.

[00251] FIG. 28A is a cross section view of an assay chamber taken through the inlet and the
outlet which shows the plug bottom surface supported by a shoulder. The shoulder has a
shoulder height for engaging the plug to provide a chamber depth. There is a recessed portion in
the shoulder to accommodate the cavity in the plug.

[00252] FIG. 288 is a view from the non-optical side of the plug and shoulder corabination in

FIG. 28A. The shoulders support the plug, maintain the tapered sidewall and provide a recess so
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that the cavity and dried reagents arc exposed within the chamber. The shoulder and plag

configuration ustrated in F1Gs. 28A and 28B produces a 18.3 pl well,

[00253] FIG. 29A is a cross section view of an assay charnber taken throogh the inlet and the
outlet which shows the phug bottom surface supported by a shoulder. The shoulder has a
shoulder height for engaging the plug to provide a chamber depth. There is a recessed portion in

the shoulder to accommodate the cavity in the plug.

[00254] FIG. 298 is a view from the non-optical side of the plug and shoulder combination in
FIG. 28A. The shoulders support the plag, maintain the tapered sidewall and provide a recess so
that the cavity and dried reagents are exposed within the chamber. The shoulder and plug

configuration illustrated 10 FIGs. 29A and 29B prodoces a 13.8 pl well.

[00255] FIG. 304 is a cross section perspective view of an assay chamber taken through the
inlet and the outlet which shows the plug bottom surface supported by a shoulder. The shoulder
has a shoulder height for engaging the plug to provide a chamber depth. There is a recessed

portion in the shoulder to accommodate the cavity in the plag.

[00256] FIG. 30B is a view from the non-optical side of the plug and shoulder combination in
FIG. 30A. The shoulders support the plug, maintain the tapered sidewall and provide a recess so
that the cavity and dried reagents arc exposed within the chamber. The shoulder and plag

configuration ustrated in F1Gs. 30A and 30B produces a 13.8 pl well,

[00257] FIG. 30C represents the shape and the volume of an assay chamber formed using the

plug and shoulder configuration of FIGs. 30A and 30B.

[00258] As detailed above, Figs 28A, B and FIGs 31A-C provide an 18.5 ul well, Figs. 29A,
298 and FIGs. 30A-30C provide a 13.8 pl well. The plag size in each of these different plug and
shoulder height configurations is 5.9 mm. Advantageously, multiple different chamber volumes
may be achieved using a common plug size or configuration based on the adjustrent of shouider
configuration and dimensions, such as for example, height, in order to provide an apparatus with

an assortment of different chamber volumes.

[00259] FIG. 31A is a cross section perspective view of an assay chamber taken through the
inlet and the outlet which shows the plag bottom surface supported by a shoulder. The shoulder
has a shoulder height for engaging the plug to provide a chamber depth. There is a recessed

portion in the shoulder to accommodate the cavity in the plag.
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[00260] FIG. 31B is a view from the non-optical side of the plug and shoulder combination in
FIG. 31A. The shoulders support the plug, maintain the tapered sidewall and provide a recess so

that the cavity and dried reagents are exposed within the chamber.

[00261] FIG. 31C represents the shape and the volume of an assay chamber formed using the
plug and shoulder configuration of FIGs. 31A and 31B. The shoulder and plug conliguration

ilfastrated in FIGs. 31A and 31B produces a 18.5 yl well.

[00262] FIG. 32A is a cross section perspective view of an assay chamber taken through the
wnlet and the ontlet which shows the plug bottom surface supported by a shoulder. The shounlder
has a shoulder height for engaging the plug to provide a chamber depth. There is a recessed

portion in the shoulder to accommuodate the cavity in the plug.

[00263] FIG. 328 is a view from the non-optical side of the plug and shoulder combination in
FiG. 32A. The shoulders support the plug, maintain the tapered sidewall and provide a recess so

that the cavity and dried reagents are exposed within the chamber.

[00264] FIG. 32C represents the shape and the volume of an assay chamber formed using the

plug and shoulder configuration of FIGs. 32A and 32B.

[00265] FIGs. 32D and 32E are perspective and cross section views of the plug and cavity

used in the phug, shoulder and assay chamber shown in FiGs. 324, 328 and 32C.

[00266] FIG. 33A is a cross section perspective view of an assay chamber taken through the
inlet and the outlet which shows the plug bottom surface supported by a shoulder. The shoulder
bas a shoulder height for engaging the plug to provide a chamber depth. There is a recessed

portion in the shoulder to accommuodate the cavity in the plug.

[00267] FIG. 338 is a view from the non-optical side of the plug and shoulder combination in
FIG. 33A. The shoulders support the plug, maintain the tapered sidewall and provide a recess so

that the cavity and dried reagents are exposed within the chamber.

[00268] FIG. 33C represents the shape and the volume of an assay chamber formed using the

plug and shoulder configuration of FiGs. 33A and 338,

[00269] FiGs. 330 and 33E are perspective and cross section views of the plug and cavity

.

used in the plug, shoulder and assay chamber shown in FlGs. 33A, 338 and 33(.

[00270] FiGs. 34A and 34B are non-optical side and optical side views, respectively, of an

apparatus having a mixture of plugs with optical transmissive properties within an optical zone
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and at least one plug without optical properties in another zone of the apparatus where optical

capabilities are not needed.

[00271] FIGs. 35A and 35B are nov-optical side and optical side views, respectively, of an

apparatus having only plags with optical transmissive properties.

[00272] FiGs. 36A -~ 36K are an example sequence of loading a fluid sammple into a saraple

chamber as performed before the exemplary filled chamber states shown in FIGs. 3A and 3B.

[00273] The following example depicted in FIGs 36A-36K is a sequence of loading a fluid
sample into a sample chamber at 0.2 pL/min. FIGs 36A-36K demonstrate the process prior to
arriving at the filled state shown in FIGs 3A and 3B. The sample chamber has a tapered inlet in
fluidic communication with a fluid source and a tapered outlet in fluidic communication with a
pneumatic compartment. The sample chamber also has a bounding surface formed by an
optically transparent plug with dried reagents needed to perform a biological assay. The filling of

the sample chamber is viewed on the film side as demonstrated in FIG. 8A and FIG. 9A.

[00274] FIG. 36A shows an assay chamber prior to loading a fluid sample. Each fluidic
pathway in the device, including each assay chamber, is filled with air. The irregular circle seen
is the edge of the dried reagents 3675 used to perform the biological assay. The area within the
irregular circle contains reagents dried on the internal cavity of the plug 3674 whereas the area

outside of the irregular circle is reagent free.

[00275] FIG. 36B shows the assay chamber shortly after pressure is applied to the fluid
sample, causing it to flow from the common fluid source (not shown), through an entry conduit
and then into the sample chamber via the tapered inlet 3641 . As the fluid sample flows into the
assay chamber, it displaces air present in the chamber, forcing the air towards the tapered outlet
and into the pneumatic compartment (not shown). The meniscus 3661 of the fluid sample, which
is representative of the liquid to air interface, contacts both sides of the chamber along the
tapered inlet portion of the assay chamber. In the view illustrated in FIG. 36B, the meniscus of
the fluid sample has advanced beyond the flat annulus of the plug’s bottom surface, contacting
the internal cavity 3674 but does not yet reaching the edge of the dried reagents 3675 located in

the internal cavity.

[00276] FIG. 36C shows the fluid sample continuing to fill the assay chamber as the meniscus
361 continues to advance across the internal cavity 3674, contacting the edge of the dried
reagents. In this view, the center of meniscus 3661 mildly leads ahead of the edges in contact
with the assay chamber. This could be attributed to a number of different factors. For example,

the dried reagents in the internal cavity 3674 preferentially wet over the reagent free areas of the
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plug. Alternatively or additionally, the assay chamber increases in depth as the meniscus moves
toward the midpoint 3643 of the assay chamber and increases in width, perpendicular to fluid
flow, such that the widest and deepest part of the assay chamber is located at midpoint 3643
between the tapered inlet and tapered outlet. Dried reagents gradually separate from the interval
cavity 3674 as the leading face of the fluid sample generates mixing of the sample fluid for
rehydration and dissolution to begin. Beyond the meniscus 3661, and closest to the pneumatic
compartment, t dried reagents on the air side of meniscus have yet to participate in the
rehydration. The air in the assay chamber and pneumatic compartment are further compressed,

building in pressure.

[00277] FIG. 36D shows the meniscus 3661 further advancing to fill the assay chamber. The
movement of the meniscus 3661 is relatively uniform within the sample chamber such that all
portions of the leading face advance in a substantially uniform manner as the meniscus
approaches the deepest part of the internal cavity 3674 and the widest part of the sample
chamber, the width of the chamber defined as perpendicular to overall fluid flow. Dried reagents
continue to liftoff the surface of the internal cavity 3674 and mix with the fluid sample.
Approximately half of the sample chamber is filled with fluid sample and half remains filled

with air.

[00278] FIG. 36E illustrates how the meniscus 3661 can move substantially nonuniformly.
The left edge of the meniscus travels at a faster rate compared to the right edge of the meniscus.
This, in part, could be attributed to the preferential wetting of the dried reagents versus the
reagent free plug surface. In this instance, the edge of the dried reagents is located slightly off-
centered towards the left portion of the assay chamber. Having contacted less of the dried
reagents 3675, the right edge of the meniscus 3661 lags compared to the left edge. Air bubbles
and incomplete filling may arise from the nonuniform movement of the meniscus across the
sample chamber. If one edge of the meniscus reaches the outlet prior to the other, the outlet can
become filled with liquid, thus trapping air in the assay chamber. Partial filling and entrapment
of air bubbles is reduced by the tapered inlet and outlet of the sample chamber, which retard
speed at which the meniscus advances as it approaches the outlet. Lastly, rehydration and

dissolution of the dried reagents continues to occur.

[00279] FIG. 36F illustrates the fluid sample flowing along the tapered outlet 3642 portion of
the assay chamber. When the left edge of the meniscus 3661 slows as it enters the taper outlet,
the right edge of the meniscus begins to catch up with the left portion. The meniscus has passed

the deepest and widest dimensions of the sample chamber and now flows into the tapered outlet.
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As the meniscus flows through tapered outlet, the depth and width of the sample chamber
steadily decrease. This configuration causes an increase in the surface retarding forces acting on
the leading left portion of the meniscus and provides a more balanced distribution of forces.
Dissolution of the dried reagents 3675 is readily apparent. . The dried reagents that first
contacted the fluid sample upon loading have had the greatest amount of time suspended in the
fluid sample and experience the greatest dissolution. This is shown by streaks directed towards

the center of the sample chamber in the direction of fluid flow.

[00280] FIG. 36G shows the fluid sample continuing to flow through the tapered outlet 3642
portion of the assay chamber. The right edge of the meniscus is nearly parallel with the left edge
as the entire meniscus 3661 progresses into the taper. The depth and width of the assay chamber
continues to decrease as the meniscus approaches the tapered outlet leading to the pneumatic
compartment. The majority of the dried reagents are in contact with the fluid sample and

continue to dissolve.

[00281] FIG. 36H shows that as the fluid approaches the pneumatic compartment terminus,
the movement of the meniscus 3661 is now uniform and the left and right potions advance
substantially evenly. The meniscus of the fluid sample has now passed the entirety of the dried
reagents such that all areas of the dried reagents are exposed to the fluid sample and are capable

of rehydration and dissolution.

[00282] FIG 361 shows the assay chamber as soon as it has reached its filled state. All air that
once occupied the fluidic pathway and assay chamber has been pushed to the pneumatic
compartment. Partial filling and bubble entrapment have been avoided and rehydration and

dissolution continue to occur.

[00283] FIG. 36] shows the sample chamber 20 seconds post filling. The dried reagents
continue to dissolve as the amount of time the dried reagents are in contact with the fluid sample
increases. Faint streaks remain visible as residual particles of the dried reagent circulate in the

assay chamber and continue to dissolve.

[00284] FIG. 36K shows the sample chamber after a total of 40 seconds post filling. Minor
amounts of residual dried reagent are faintly noticeable, while the majority of the reagents are

now suspended in the fluid sample.

[00285]  After filling is completed, one may wish to generate further mixing between the
reagents and fluid sample. In one implementation, convective movement of the fluid sample is
induced by heat cycling of the filled sample chambers to mix the dried reagents and produce a

homogenous solution. A heater in contact with the sample chambers is used to provide the heat
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cycling. Preferably, the heater is placed on the non-imaging face of the apparatus, which can be
sealed with a film. In order to induce convective movement in the chamber, the heater is set to a
first temperature for a first interval and then set to a second temperature for a second interval.
This cycle of first temperature followed by second temperature can be repeated at least twice,
more preferably at least three times. In some implementations, the cycle is repeated five times,
or any number of times necessary produce the desired amount of mixing. The first temperature
and the second temperature are not the same. Preferably, the first temperature is at least 5°C
greater than the second temperature, and more preferably at least 7°C great and even more
preferably at least 10°C greater. In one implementation, the sample chambers are heat cycled
between a low temperature of 55°C and high temperature of 65°C. In a preferred
implementation, the sample chambers are heat cycled between a low temperature of 60°C and
the high temperature of 70°C. According to another implementation, further mixing of the dried
reagents and fluid sample is generated by subtly shuttling the sample fluid back and forth across
the internal cavity of the plug to create turbulence. This movement of the fluid can be
accomplished by using any positive motive force, negative motive force, or a combination of the

two.

[00286] In one implementation constant pressure is applied to the fluid sample to flow it
through the sample chamber. In an alternative implementation, the sample chamber is filled
using a pressure ramp. For example, from O to 1 second the pressure source is set to 0 kPa. At 1
second, the pressure source is set to 60 kPa. After 1 second, the pressure source is increased (.44
kPa for every 0.2 second time step until a final pressure of 115 kPa is reached after a total of 26
seconds. While this implementation is described in the context of pressure, the filling of the
sample chamber can be accomplished using any motive force. In one implementation, a positive

motive force is used. In another implementation, a negative motive force is used.

[00287] In one exemplary use of an apparatas embodiment, there is provide a method of
simultancously filling a phurality of sarmople chambers. The exemplary method includes a step of
pressurizing a fhuid sample within a common fluid pathway. Next, there is a step of introducing
the fiuid sample into a plurality of entry conduits from the common {luid pathway. There is next
a step of flowing the fluid sample along each of the entry conduits towards an entry conduit
terminus in each of the entry conduits, each entry conduit connected to a sample

chamber, Thereafter, there is a step of flowing the fluid sample along a tapered inlet portion of
cach sample chamber and then a step of flowing the fluid sample adjacent a pair of shoulders and
along a plug within each sample chamber. The method continues by flowing the fluid sample
along a tapered outlet portion of each sample chamber towards a pneumatic compartment
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terpvinus. During the steps above, the flow of the fluid is displacing a gas confained within each
entry conduif and each sample chamber into a prneumatic chamber in coromunication with each

prenmatic compartment terminus.

[00288] In one aspect, the method of filling is performed where the pressuring the flnid
sample step 1s perforroed at a coustant pressure. The constant pressure may be one of 5, 10, 20,
40 or 60 psi depending on the embodiment and specific apparatus configuration Optionally, the
method steps of pressurizing the fluid step may include pressuring the fluid sample at a series of
increasing pressure levels. In one implementation, each increasing level of pressure is applied
for a consistent duration. In one implementation, the increasing level of pressure is increased by
a constant amount. In one specific implementation, the apparatus is oriented in use so that the
preumatic chamber is above the sample chamber such that the steps of flowing the fluid sample
along a tapered outlet portion of the sarple chamber towards a preurnatic compartruent terminus
and displacing a gas contained within each entry conduit are performed against a gravitational
force. Additionally, or optionally, in use during the filling wethod, the plurality of sample
chambers are oriented soch that each pneumatic chamber associated with a specific sample

chamber of the plurality of sample chamber is positioned above the sample chamber.

[00289] FIG. 37 is an optical side view of an apparatus having five optically transmissive
plugs. The results viewed through each of the plugs indicates that three chambers have a
detectable signal and two chambers do not. The signal detectable through the plugs can be a
fluorescent signal, responsive to excitation light provided to the assay chamber through the
optically transmissive plug. Alternatively, the signal can be luminescence resulting from a
chemical and/or enzymatic reaction taking place in an assay chamber. In yet another
implementation, the signal detectable through the optically transmissive plug may simply be a
color change resulting from a colorimetric assay. In order to better visualize color changes, in
some implementations a light, e.g. a white light, can be used to illuminate the wells through the
plugs.

[00290] As illustrated by this example, the body of the optically transmissive plugs is
optionally formed from a material transmissive to excitation wavelengths and emission

wavelengths in at least one of a red spectrum, a blue spectrum and a green spectrum.

[00291] When a feature or element is herein referred to as being “on” another feature or
element, it can be directly on the other feature or element or intervening features and/or elements
may also be present. In contrast, when a feature or element is referred to as being “directly on”

another feature or element, there are no intervening features or elements present. It will also be
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understood that, when a feature or element is referred to as being “connected”, “attached” or
“coupled” to another feature or element, it can be directly connected, attached or coupled to the
other feature or element or intervening features or elements may be present. In contrast, when a
feature or element is referred to as being “directly connected”, “directly attached” or “directly
coupled” to another feature or element, there are no intervening features or elements present.
Although described or shown with respect to one embodiment, the features and elements so
described or shown can apply to other embodiments. It will also be appreciated by those of skill
in the art that references to a structure or feature that is disposed “adjacent” another feature may

have portions that overlap or underlie the adjacent feature.

[00292] Terminology used herein is for the purpose of describing particular embodiments
only and is not intended to be limiting of the invention. For example, as used herein, the singular
forms “a”, “an” and “the” are intended to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood that the terms “comprises’” and/or
“comprising,” when used in this specification, specify the presence of stated features, steps,
operations, elements, and/or components, but do not preclude the presence or addition of one or
more other features, steps, operations, elements, components, and/or groups thereof. As used

herein, the term “and/or” includes any and all combinations of one or more of the associated

listed items and may be abbreviated as “/”.

99 <¢ 99 ¢ 39 ¢ LEINTS

[00293] Spatially relative terms, such as “under”, “below”, “lower”, “over”, “upper” and the
like, may be used herein for ease of description to describe one element or feature’s relationship
to another element(s) or feature(s) as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass different orientations of the device in use or
operation in addition to the orientation depicted in the figures. For example, if a device in the
figures is inverted, elements described as “under” or “beneath” other elements or features would
then be oriented “over” the other elements or features. Thus, the exemplary term “under” can
encompass both an orientation of over and under. The device may be otherwise oriented (rotated
90 degrees or at other orientations) and the spatially relative descriptors used herein interpreted

accordingly. Similarly, the terms “upwardly”, “downwardly”, “vertical”, “horizontal” and the

like are used herein for the purpose of explanation only unless specifically indicated otherwise.

[00294]  Although the terms “first” and “second” may be used herein to describe various
features/elements (including steps), these features/elements should not be limited by these terms,
unless the context indicates otherwise. These terms may be used to distinguish one

feature/element from another feature/element. Thus, a first feature/element discussed below
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could be termed a second feature/element, and similarly, a second feature/element discussed
below could be termed a first feature/element without departing from the teachings of the present

invention.

[00295] Throughout this specification and the claims which follow, unless the context
requires otherwise, the word “comprise”, and variations such as “comprises” and “comprising”
means various components can be co-jointly employed in the methods and articles (e.g.,
compositions and apparatuses including device and methods). For example, the term
“comprising” will be understood to imply the inclusion of any stated elements or steps but not

the exclusion of any other elements or steps.

[00296]  As used herein in the specification and claims, including as used in the examples and
unless otherwise expressly specified, all numbers may be read as if prefaced by the word “about”
or “approximately,” even if the term does not expressly appear. The phrase “about” or
“approximately” may be used when describing magnitude and/or position to indicate that the
value and/or position described is within a reasonable expected range of values and/or positions.
For example, a numeric value may have a value that is +/- 0.1% of the stated value (or range of
values), +/- 1% of the stated value (or range of values), +/- 2% of the stated value (or range of
values), +/- 5% of the stated value (or range of values), +/- 10% of the stated value (or range of
values), etc. Any numerical values given herein should also be understood to include about or
approximately that value, unless the context indicates otherwise. For example, if the value “10”
is disclosed, then “about 10” is also disclosed. Any numerical range recited herein is intended to
include all sub-ranges subsumed therein. It is also understood that when a value is disclosed that
“less than or equal to” the value, “greater than or equal to the value” and possible ranges between
values are also disclosed, as appropriately understood by the skilled artisan. For example, if the
value “X” is disclosed the “less than or equal to X as well as “greater than or equal to X” (e.g.,
where X is a numerical value) is also disclosed. It is also understood that the throughout the
application, data is provided in a number of different formats, and that this data, represents
endpoints and starting points, and ranges for any combination of the data points. For example, if
a particular data point “10” and a particular data point “15” are disclosed, it is understood that
greater than, greater than or equal to, less than, less than or equal to, and equal to 10 and 15 are
considered disclosed as well as between 10 and 15. It is also understood that each unit between
two particular units are also disclosed. For example, if 10 and 15 are disclosed, then 11, 12, 13,

and 14 are also disclosed.
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[00297] Although various illustrative embodiments are described above, any of a number of
changes may be made to various embodiments without departing from the scope of the invention
as described by the claims. For example, the order in which various described method steps are
performed may often be changed in alternative embodiments, and in other alternative
embodiments one or more method steps may be skipped altogether. Optional features of various
device and system embodiments may be included in some embodiments and not in others.
Therefore, the foregoing description is provided primarily for exemplary purposes and should

not be interpreted to limit the scope of the invention as it is set forth in the claims.

[00298] The examples and illustrations included herein show, by way of illustration and not of
limitation, specific embodiments in which the subject matter may be practiced. As mentioned,
other embodiments may be utilized and derived there from, such that structural and logical
substitutions and changes may be made without departing from the scope of this disclosure.
Such embodiments of the inventive subject matter may be referred to herein individually or
collectively by the term “invention” merely for convenience and without intending to voluntarily
limit the scope of this application to any single invention or inventive concept, if more than one
is, in fact, disclosed. Thus, although specific embodiments have been illustrated and described
herein, any arrangement calculated to achieve the same purpose may be substituted for the
specific embodiments shown. This disclosure is intended to cover any and all adaptations or
variations of various embodiments. Combinations of the above embodiments, and other
embodiments not specifically described herein, will be apparent to those of skill in the art upon

reviewing the above description.
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Reference Number List

Item Last 2 Digits
apparatus 00
common fluid source 01
monolithic substrate 02
heat stake 03
raised platform 05
independent fluidic pathway 10
first film 12
second film 14
sample chamber 20
assay chamber 21
entry conduit 22
entry conduit terminus 23
pneumatic compartment 30
air chamber 31
pneumatic conduit 32
pneumatic compartment terminus 33
double tapered chamber 40
tapered inlet 41
tapered outlet 42
double tapered chamber center point 43
first curved boundary 44
second curved boundary 45
first curved boundary midpoint 46
second curved boundary midpoint 47
largest dimension 48
air 50
recess 52
fluid sample 60
meniscus 61
leading front 62
plug 70
plug body 71
plug cap 72
plug cap flange 73
plug cap internal cavity 74
dried reagents 75
plug bottom surface 76
central opening 77
central opening side wall 78
central opening bottom 79
flat annulus 80
magnetic mixing element 81
exterior magnet 82
motor 83
heated element 84
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plug thickness 85
initiation angle 86
raised feature 87
recessed feature 88
shoulder height 92
shoulder 95
assay chamber volume 96
supporting ring/raised annulus 97
opening in monolithic substrate for plug 98
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