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(57) Abstract: An apparatus for loading and imaging a microfluidic chip can comprise a housing having walls that define a vacuum
chamber and a first receptacle disposed within the vacuum chamber, the first receptacle defining a space for receiving one or more
microfluidic chips. The apparatus can also include a negative pressure source, a light source, and an optical sensor coupled to the housing.
The negative pressure source can be configured to reduce pressure within the vacuum chamber, the light source can be positioned to
illuminate at least a portion of the space for receiving the chip(s), and the optical sensor can be positioned to capture an image of at
least a portion of the space for receiving the chip(s).

[Continued on next page]



WO 20217217039 A [I 000|000 00RO VA 0O

SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ,UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



10

15

20

25

30

WO 2021/217039 PCT/US2021/028905

APPARATUSES FOR CONTACTLESS LOADING AND IMAGING OF
MICROFLUIDIC CHIPS AND RELATED METHODS

CROSS REFERENCE TO RELATED APPLICATION
[0001] This Application claims priority to U.S. Patent Application No. 16/858,282 filed

April 24, 2020, which is incorporated herein by reference in its entirety.

FIELD OF INVENTION
[0002] The present invention relates generally to loading and imaging microfluidic chips
and, in particular but without limitation, to vacuum loading microfluidic chips configured to

generate droplets and imaging the droplets.

BACKGROUND

[0003] Microfluidic chips have gained increased use in a wide variety of fields, including
cosmetics, pharmaceuticals, pathology, chemistry, biology, and energy. A microfluidic chip
typically has one or more channels that are arranged to transport, mix, and/or separate one or
more samples for analysis thereof. At least one of the channel(s) can have a dimension that is
on the order of a micrometer or tens of micrometers, permitting analysis of comparatively small
(e.g., nanoliter or picoliter) sample volumes. The small sample volumes used in microfluidic
chips provide a number of advantages over traditional bench top techniques. For example,
more precise biological measurements, including the manipulation and analysis of single cells
and/or molecules, may be achievable with a microfluidic chip due to the scale of the chip’s
components. Microfluidic chips can also provide improved control of the cellular environment
therein to facilitate experiments related to cellular growth, aging, antibiotic resistance, and the
like. And, microfluidic chips, due to their small sample volumes, low cost, and disposability,
are well-suited for diagnostic applications, including identifying pathogens and point-of-care
diagnostics.

[0004] In some applications, microfluidic chips are configured to generate droplets to
facilitate analysis of a sample. Droplets can encapsulate cells or molecules under investigation
to, in effect, amplify the concentration thereof and to increase the number of reactions. Droplet-
based microfluidic chips may accordingly be well-suited for high throughput applications, such
as chemical screening and PCR.

[0005] Droplet analysis is often performed using imaging. For example, liquid loaded onto

a microfluidic chip often includes a fluorescent compound that, when exposed to light, can
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exhibit fluorescence. For example, when analyzing microorganisms, a viability indicator such
as resazurin can be included in the liquid loaded onto the chip; encapsulated microorganisms
can interact with the viability indicator such that droplets including the microorganisms exhibit
a unique fluorescent signature that varies over time. A camera can be used to determine the
number of droplets exhibiting a fluorescent signature indicative of the presence of
microorganisms to, for example, determine the concentration of microorganisms in the liquid
(e.g., to determine if there is an infection or how effective a test reagent is at eliminating the
microorganisms).

[0006] Conventional loading and imaging of a microfluidic chip requires the chip to be
transferred for imaging after being loaded with droplets. In conventional techniques, a chip is
placed in a pressure vessel and the pressure therein is increased above ambient pressure to
cause liquid to flow toward the chip’s test volume and form droplets that enter the test volume.
During this process, the pressure in the test volume increases above ambient pressure. To
maintain the position of droplets in the test volume when the pressure around the chip returns
to ambient pressure—which is required for the chip to be transferred for imaging—and the chip
is transferred, chips typically include features such as seals configured to retain the droplets.
[0007] There are a number of disadvantages associated with this two-step process. The
process can be time-consuming; to mitigate the movement of droplets in the test volume, the
pressure in the pressure chamber may have to be returned to ambient pressure slowly. Further,
transferring the chip for imaging may take time and, if not done quickly enough in time-
sensitive assays, may invalidate the results of the assay. Transferring chips is typically
performed manually by laboratory staff, which imposes an additional burden on the staff and
poses a risk that test results will be associated with the wrong chips. The chip transfer may
also damage the chips or result in droplet repositioning that can alter the imaging analysis. And
the features included in chips to maintain droplet positioning during transfer may reduce

available space in the test volume and increase manufacturing complexity.

SUMMARY
[0008]  Accordingly, there is a need in the art for apparatuses and methods for loading and
imaging a microfluidic chip that can avoid the disadvantages of conventional load-and-transfer
techniques. Some of the present apparatuses and methods address this need in the art through
the use of an apparatus including a housing having walls that defines a vacuum chamber and
an optical sensor coupled to the housing. The apparatus can include one or more receptacles,

each defining a space for receiving one or more microfluidic chips, and a negative pressure
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source coupled to the housing and configured to reduce pressure within the vacuum chamber.
The chip(s) can be disposed on the receptacle(s) and in the vacuum chamber, where the pressure
can be reduced below ambient pressure to evacuate gas from each of one or more test volumes
of each of the chip(s) and subsequently increased to ambient pressure to load liquid—which
can form droplets—into the test volume(s). As a result, the pressure in each of the test
volume(s) can be substantially ambient pressure after loading such that the chip(s) need not
include features to maintain droplet positioning.

[0009] The optical sensor can be configured to capture an image of at least a portion of each
of the space(s), e.g., to capture on image of liquid in each of the test volume(s) of the chip(s).
As such, liquid in the chip(s) can be imaged while the chip(s) are in the vacuum chamber such
that they do not need to be transferred after loading. One of the housing’s walls can include a
transparent portion through which the optical sensor can capture an image—thus permitting
the optical sensor to be positioned outside of the vacuum chamber—and the optical sensor can
be movable relative to the housing in at least one direction—optionally in at least two
orthogonal directions—such that the optical sensor can capture images of liquid in multiple test
volumes without having to move the chip(s). In this manner, chip loading and imaging can be
performed without having to manually transfer chips, thereby mitigating the risk of droplet
repositioning and chip damage.

[0010] Some of the present apparatuses for loading and imaging at least one microfluidic
chip comprise a housing having walls that define a vacuum chamber and a negative pressure
source coupled to the housing and configured to reduce pressure within the vacuum chamber.
At least one of the walls, in some apparatuses, defines an opening. For some of such
apparatuses, the housing comprises a door that is movable between an open position in which
the door permits access to the vacuum chamber through the opening and a closed position in
which the door prevents access to the vacuum chamber through the opening. Some apparatuses
comprise a seal coupled to the housing such that, when the door is in the closed position, the
seal 1s disposed around the opening and in contact with the door. In some apparatuses, reducing
pressure within the vacuum urges the door against the seal.

[0011] Some apparatuses comprise a tray that is movable into and out of the vacuum
chamber through the opening. The tray, in some apparatuses, is slidably coupled to at least one
of the walls of the housing and/or is coupled to the door such that movement of the door
between the open and closed positions moves the tray into and out of the vacuum chamber.
[0012] Some apparatuses comprise a first receptacle disposed within the vacuum chamber,

the first receptacle defining a space for receiving one or more, optionally two or more,
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microfluidic chips. Some apparatuses also comprise a second receptacle disposed within the
vacuum chamber, the second receptacle defining a space for receiving one or more microfluidic
chips. The first receptacle, in some apparatuses, is coupled to or defined by the tray. In some
apparatuses, while the door is in the closed position, the first receptacle is immovable in at least
two orthogonal directions relative to at least one of the walls of the housing.

[0013] Some apparatuses comprise a light source coupled to the housing and positionable
to illuminate at least a portion of the space for receiving the microfluidic chip(s) and/or an
optical sensor coupled to the housing and positionable to capture an image of at least a portion
of the space for receiving the microfluidic chip(s). In some apparatuses, at least one of the
walls of the housing includes a transparent portion and, optionally, the optical sensor is
disposed outside of the vacuum chamber and is positioned to capture an image of at least a
portion of the space for receiving the microfluidic chip(s) through the transparent portion. The
optical sensor, in some apparatuses, is movable relative to at least one of the walls of the
housing in at least two orthogonal directions. Some apparatuses comprise a heating element
disposed within the vacuum chamber.

[0014] Some of the present methods of loading and imaging a microfluidic chip comprise
disposing one or more, optionally two or more, microfluidic chips within a vacuum chamber
defined by walls of a housing. Each of the chip(s), in some methods, has one or more,
optionally two or more, microfluidic networks. In some methods, each of the network(s)
comprises one or more ports, including an inlet port containing liquid, a test volume containing
gas, and a flow path extending between the inlet port and the test volume. The flow path, in
some methods, includes a droplet-generating region along which a minimum cross-sectional
area of the flow path increases along the flow path.

[0015] Some methods comprise reducing pressure within the vacuum chamber such that,
for each of the network(s) of each of the chip(s), gas flows from the test volume and out of at
least one of the port(s). Some methods comprise increasing pressure within the vacuum
chamber such that, for each of the network(s) of each of the chip(s), liquid flows from the inlet
port, through the flow path, and into the test volume. In some methods, increasing pressure
within the vacuum chamber is performed such that pressure within the vacuum chamber
reaches ambient pressure. Pressure within the chamber increases from the minimum pressure
to ambient pressure, in some methods, in less than 1 hour.

[0016] Some methods comprise, for each of the network(s) of each of the chip(s), capturing
an image of liquid within the test volume while the chip is disposed within the vacuum

chamber. In some methods, for each of the chip(s), the chip remains stationary relative to at
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least one of the walls of the housing between and during each of increasing pressure within the
vacuum chamber and capturing the image. In some methods, for each of the network(s) of
each of the chip(s), capturing an image of liquid comprises moving an optical sensor relative
to the walls of the housing in at least two orthogonal directions. For each of the network(s) of
each of the chip(s), capturing the image, in some methods, is performed within 15 minutes of
pressure within the chamber reaching ambient pressure.

[0017] In some methods, at least one of the walls includes a transparent portion and, for
each of the network(s) of each of the chip(s), capturing the image is performed using an optical
sensor disposed outside of the vacuum chamber and through the transparent portion. Some
methods comprise, for each of the chip(s), illuminating the chip with a light source coupled to
at least one of the walls of the housing while the chip is disposed within the vacuum chamber.
[0018] The term “coupled” is defined as connected, although not necessarily directly, and
not necessarily mechanically; two items that are “coupled” may be unitary with each other.
The terms “a” and “an” are defined as one or more unless this disclosure explicitly requires
otherwise. The term “substantially” is defined as largely but not necessarily wholly what is
specified—and includes what is specified; e.g., substantially 90 degrees includes 90 degrees and
substantially parallel includes parallel-as understood by a person of ordinary skill in the art.
In any disclosed embodiment, the term “substantially” may be substituted with “within
[a percentage] of” what is specified, where the percentage includes 0.1, 1, 5, and 10 percent.
[0019] The terms “comprise” and any form thereof such as “comprises” and “comprising,”
“have” and any form thereof such as “has” and “having,” “include” and any form thereof such
as “includes” and “including,” and “contain” and any form thereof such as “contains” and
“containing,” are open-ended linking verbs. As a result, an apparatus that “comprises,” “has,”
“includes,” or “contains” one or more elements possesses or contains those one or more
elements, but is not limited to possessing or containing only those elements. Likewise, a
method that “comprises,” “has,” or “includes” one or more steps possesses those one or more
steps, but is not limited to possessing only those one or more steps.

[0020] Any embodiment of any of the apparatuses, systems, and methods can consist of or
consist essentially of—rather than comprise/include/have—any of the described steps, elements,
and/or features. Thus, in any of the claims, the term “consisting of” or “consisting essentially
of”” can be substituted for any of the open-ended linking verbs recited above, in order to change
the scope of a given claim from what it would otherwise be using the open-ended linking verb.
[0021]  Further, a device or system that is configured in a certain way is configured in at

least that way, but it can also be configured in other ways than those specifically described.
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[0022] The feature or features of one embodiment may be applied to other embodiments,
even though not described or illustrated, unless expressly prohibited by this disclosure or the
nature of the embodiments.

[0023] Some details associated with the embodiments described above and others are

described below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]  The following drawings illustrate by way of example and not limitation. For the sake
of brevity and clarity, every feature of a given structure is not always labeled in every figure in
which that structure appears. Identical reference numbers do not necessarily indicate an
identical structure. Rather, the same reference number may be used to indicate a similar feature
or a feature with similar functionality, as may non-identical reference numbers. Views in the
figures are drawn to scale, unless otherwise noted, meaning the sizes of the depicted elements
are accurate relative to each other for at least the embodiment in the view.
[0025] FIG. 1A is a perspective view of an embodiment of the present apparatuses for
loading and imaging one or more microfluidic chips.
[0026]  FIGs. 1B-1G are front, rear, right, left, top, and bottom views, respectively, of the
apparatus of FIG. 1A.
[0027] FIG. 1H is a left view of the apparatus of FIG. 1A with a portion of its outer shell
removed such that the internal components thereof—including the vacuum-chamber-defining
housing and optical sensor—can be seen.
[0028] FIG. 11 is a bottom view of the apparatus of FIG. 1A with a portion of its outer shell
removed such that the internal components thereof can be seen.
[0029] FIGs. 2A and 2B are perspective views of the vacuum-chamber-defining housing of
the apparatus of FIG. 1A when the door and tray thereof are in the closed and open positions,
respectively.
[0030] FIG. 2C is a top view of the housing of FIG. 2A with the door and tray thereof in
the open position.
[0031] FIGs. 2D and 2E are top and bottom views, respectively, of the housing of FIG. 2A
with the door and tray thereof in the open position and a plurality of microfluidic chips disposed
on the tray.
[0032] FIGs. 2F and 2G are top and bottom views, respectively, of the housing of FIG. 2A
with the door and tray thereof in the closed position and a plurality of microfluidic chips

disposed on the tray.
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[0033] FIGs. 2H and 2I are sectional views of the housing of FIG. 2A taken along line 2H-
2H of FIG. 2D and line 2I-2I of FIG. 2F, respectively.

[0034] FIGs. 3A and 3B are perspective and top views, respectively, of the apparatus of
FIG. 1A with the door and tray of the housing in the open position.

[0035] FIG. 3C is a top view of the apparatus of FIG. 1A with the door and tray of the
housing in the open position and a plurality of microfluidic chips disposed on the tray.

[0036] FIG. 3D is a top view of the apparatus of FIG. 1A with the door and tray of the
housing in the open position and a retainer disposed on the chips to retain the chips on the tray.
[0037] FIG. 4 is a bottom view of a chip that can be loaded and imaged using the apparatus
of FIG. 1A.

[0038] FIGs. 5A-5C are schematics of the apparatus of FIG. 1A and illustrate loading of a
microfluidic chip using the housing.

[0039] FIGs. 6A-6D depict the geometry of a droplet-generating region of a microfluidic
chip in which liquid expands along a flow path to produce droplets.

[0040] FIGs. 7A and 7B are side and bottom views, respectively, of the apparatus of FIG.
1A with a portion of its outer shell removed such that the internal components thereof can be
seen. FIGs. 7A and 7B illustrate the optical sensor shifted relative to the housing in a first
direction.

[0041] FIG. 7C is a bottom view of the apparatus of FIG. 1A with a portion of its outer
shell removed such that the internal components thereof can be seen. FIG. 7C illustrates the
optical sensor shifted relative to the housing in a second direction that is perpendicular to the
first direction.

[0042] FIG. 8 is a front view of a system including a plurality of apparatuses of FIG. 1A.

DETAILED DESCRIPTION
[0043] Referring to FIGs. 1A-11, shown is a first embodiment 10 of the present apparatuses
for loading and imaging one or more microfluidic chips (e.g., 14). Apparatus 10 can include
an outer shell 18 that defines a compartment 22 containing components of the apparatus that
are configured to load the chip(s) with liquid and image the liquid for analysis thereof (FIGs.
1H and 1I). To load the chip(s), apparatus 10 includes a housing 26 having walls 30 that define
a vacuum chamber 34 and a negative pressure source 38 (e.g., a pump) configured to remove
gas from the vacuum chamber and thereby decrease the pressure therein. As shown, housing
26 includes upper and lower bodies 42a and 42b coupled together with a seal disposed

therebetween; such a two-part housing can facilitate the manufacturability thereof.
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[0044] Referring additionally to FIGs. 2A-2]—which depict housing 26 of apparatus 10—
the apparatus can include one or more receptacles 50 that each defines a space 54 for receiving
at least one microfluidic chip 14 (FIGs. 2B-2D). For example, apparatus 10 can include a tray
46 that is movable into and out of vacuum chamber 34 and defines or is coupled to receptacle(s)
50. To receive one or more microfluidic chips 14, each of space(s) 54 can comprise a lip 58
onto which the chip(s) can be placed (e.g., when tray 46 is out of vacuum chamber 34). Space
54 can further include an open or transparent portion 62 such that when a chip 14 is disposed
on lip 58 at least a majority of the surface of the chip that is disposed on the lip is not obscured
by receptacle 50 (e.g., such that one or more test volumes 122 of the chip that receive liquid
for imaging are not obscured) (FIG. 2E).

[0045]  As shown, at least one of walls 30 of housing 26 defines an opening 66 that permits
access into vacuum chamber 34. In this way, tray 46 can be moved into and out of vacuum
chamber 34 through opening 66 such that chip(s) 14 can be readily placed on and removed
from receptacle(s) 50. To seal opening 66 such that negative pressure source 38 can draw a
vacuum on vacuum chamber 34, housing 26 can comprise a door 70 that is movable between
open (FIGs. 2D and 2E) and closed (FIGs. 2F and 2G) positions in which the door permits and
prevents, respectively, access to the vacuum chamber through opening 66. Apparatus 10 can
include a seal 74 coupled to housing 26 (e.g., to one of walls 30 or door 70) such that, when
the door is in the closed position, the seal is disposed around opening 66 and in contact with
the door. Reducing pressure within vacuum chamber 34 can urge door 70 against seal 74,
which reinforces the seal. Such self-reinforcing sealing can mitigate leaks, which may be
particularly beneficial when analyzing material that may include contaminants such as
microorganisms.

[0046] Door 70 can be coupled to tray 46 such that movement of the door between the open
and closed positions moves the tray into and out of vacuum chamber 34 (e.g., they can move
together as a unit). Such a configuration may allow chip(s) 14 to be loaded into vacuum
chamber 34 and the vacuum chamber to be sealed at the same time, which promotes usability.
In other embodiments, however, door 70 need not be coupled to tray 46 such that movement
of the tray is independent of the door (e.g., the door can be movable to uncover opening 66
such that the tray can move therethrough).

[0047] Tray 46 can be moved into and out of vacuum chamber 34 in any suitable manner.
For example, tray 46 can be slidably coupled to at least one of walls 30 and, optionally, can be
moved using one or more actuators 78. Referring to FIGs. 2H and 2I, as shown housing 26

includes a linear actuator 78; in other embodiments, however, the housing can include any
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suitable actuator. Linear actuator 78 can comprise a leadscrew 82 that is translatable relative
to walls 30 to thereby move tray 46. To translate over the distance required for receptacle(s)
50 to be accessible outside of vacuum chamber 34, at least a majority (e.g., substantially all) of
leadscrew 82 may need to be disposed outside of the vacuum chamber when tray 46 is disposed
in the vacuum chamber (e.g., with door 70 in the closed position). Housing 26 can also include
a sealed conduit 86 that extends outside of vacuum chamber 34 and receives leadscrew 82 to
mitigate the risk of contaminants escaping the vacuum chamber via the leadscrew. Opening
and closing of door 70 can be controlled with a controller 138 of apparatus 10, which may, for
example, be configured to actuate actuator 78.

[0048] While door 70 is in the closed position, tray 46—and thus each of receptacle(s) 50—
can be immovable in at least one direction, optionally in at least two orthogonal directions (e.g.,
202a and 202b). In this manner, microfluidic chip(s) 14 that are disposed on receptacle(s) 50
can remain stationary during the below-described imaging thereof. This may promote accurate
analysis because moving chip(s) 14 with liquid (e.g., droplets) disposed therein may disturb
the liquid and thereby impact the analysis. In other embodiments, however, receptacle(s) 50
may be movable in at least one direct, optionally in at least two orthogonal directions, while
door 70 is closed. Apparatus 10 can further include a retainer 106 configured to retain chip(s)
14 on receptacle(s) 50. For example, referring to FIGs. 3A-3D—which depict apparatus 10
when tray 46 and door 70 of housing 26 are in the open position—chip(s) 14 can be placed on
receptacle(s) 50 (FIG. 3C) and retainer 106 can thereafter be placed on the chip(s) such that the
chip(s) are retained between the receptacle(s) and the retainer.

[0049]  Atleast one of walls 30 of housing 26 can include a transparent portion 90 such that
at least a portion of each of space(s) 54 can be imaged through the transparent portion. For
example, as shown in FIG. 2G, when tray 46 is disposed in vacuum chamber 34, each of one
or more test volumes 122—which can contain the liquid to be imaged—of each of chips 14 is
visible and thus can be imaged through transparent portion 90. This permits an optical sensor
(e.g., 190) to be positioned outside of vacuum chamber 34 such that the optical sensor and its
associated electronics (which can be difficult to clean) need not be exposed to contaminants
that may be present inside of the vacuum chamber.

[0050] Housing 26 can also include an optical scanner 94 that is configured to read and
analyze bar codes (e.g., a scanner comprising a light source, a lens, and a light source). Each
of chip(s) 14 can include a bar code that represents, for example, patient information. The bar

code can be scanned by optical scanner 94 when chip 14 enters vacuum chamber 34 (e.g., as
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tray 46 slides into the vacuum chamber). Apparatus 10 can link the information associated
with the scanned barcode with the imaging analysis.

[0051] Inside of vacuum chamber 34, housing 26 can include a heating element 98 that is
in thermal communication with receptacle(s) 50 and can be used to control a temperature within
the vacuum chamber. For example, when analyzing microorganisms such as bacteria, heating
element 98 can be used to maintain a temperature suitable for culturing the microorganisms.
Housing 26 can also include a thermally insulating shell 102 in vacuum chamber 34 that defines
a compartment that is smaller than the vacuum chamber and contains heating element 98 and
receptacle(s) 50 when the receptacles are in the vacuum chamber. The compartment defined
by thermally insulating shell 102 can be in fluid communication with the other portion of
vacuum chamber 34 such that negative pressure source 38 can reduce pressure in the
compartment. By including heating element 98 within the smaller compartment defined by
thermally insulating shell 102, the heating element can efficiently control the temperature of
the environment to which chip(s) 14 are exposed. Heating element 98 can generate heat
through Joule heating (e.g., by passing an electric current through the element to generate heat
due to the resistance thereof) and can be fanless, which promotes reliable and safe operation,
particularly when analyzing material that may include contaminants such as microorganisms.
[0052] Referring to FIG. 4, shown is an illustrative chip 14 that can be placed on a
receptacle 50 and loaded using apparatus 10. Chip 14 can define one or more—optionally two
or more—microfluidic networks 110; as shown, the chip defines multiple networks. Each of
network(s) 110 can comprise one or more ports, including an inlet port 114, a test volume 122,
and a flow path 118 extending between the inlet port and the test volume. Flow path 118 can
include a droplet-generating region 120 and, along the flow path, fluid can flow from inlet port
114, through the droplet-generating region, and to test volume 122 such that droplets are
formed and introduced into the test volume for analysis. Flow path 118 can be defined by one
or more channels and/or other passageways through which fluid can flow, and can have any
suitable maximum transverse dimension to facilitate microfluidic flow, such as, for example, a
maximum transverse dimension, taken perpendicularly to the centerline of the flow path, that
is less than or equal to any one of, or between any two of, 2,000, 1,500, 1,000, 500, 300, 200,
100, 50, or 25 pm. Each of network(s) 110 optionally includes an outlet port 126 that at least
some (e.g., excess) droplets can enter from test volume 122.

[0053] Referring to FIGs. SA-5C, to load liquid into each of the test volume(s) (e.g., 122)
of one or more, optionally two or more, microfluidic chips (e.g., 14), some methods include a

step of disposing the chip(s) within the vacuum chamber (e.g., 34) defined by walls (e.g., 30)
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of the housing (e.g., 26) (e.g., using tray 46 as explained above) (FIG. 5A). Each of the chip(s)
can have, for each of the microfluidic network(s) (e.g., 110), an inlet port (e.g., 114) containing
a liquid (e.g., 150). The liquid can comprise an aqueous liquid (e.g., 154) (e.g., a liquid
containing a sample for analysis, such as a pathogen and/or a medication) and a non-aqueous
liquid (e.g., 158) (e.g., an oil, such as a fluorinated oil, that can include a surfactant). To
promote droplet generation, the non-aqueous liquid can be relatively dense compared to water,
e.g., a specific gravity of the non-aqueous liquid can be greater than or equal to any one of, or
between any two of, 1.3, 1.4, 1.5, 1.6, or 1.7 (e.g., greater than or equal to 1.5).

[0054] Before loading liquid into the test volume(s) of the chip(s), some methods comprise
reducing pressure within the vacuum chamber such that, for each of the network(s) of each of
the chip(s), gas (e.g., 162) flows from the test volume and out of at least one of the port(s) (e.g.,
out of the inlet port) of the chip (FIG. 5B). Prior to the pressure reduction, the pressure in the
vacuum chamber (and thus at the inlet port and, optionally, in the test volume) can be
substantially ambient pressure; to evacuate gas from the test volume of each of the network(s),
the pressure in the vacuum chamber (and thus at the inlet port) can be reduced below ambient
pressure. For example, reducing pressure can be performed such that the pressure in the
vacuum chamber is less than or equal to any one of, or between any two of, 0.5, 0.4, 0.3, 0.2,
0.1, or 0 atm. Greater pressure reductions can increase the amount of gas evacuated from each
of the test volume(s). During gas evacuation, the outlet port (e.g., 126) of each of the
network(s) can be sealed (e.g., with a plug, valve, and/or the like) to prevent the inflow of gas
therethrough; in other embodiments, however, the network(s) can have no outlet ports. As
shown, the gas can flow out of the inlet port while the liquid is disposed in the inlet port such
that the gas passes through the liquid as bubbles. Advantageously, the gas bubbles can agitate
and thereby mix the aqueous liquid to facilitate loading and/or analysis thereof in the test
volume.

[0055]  Pressure can thereafter be increased within the vacuum chamber, optionally such
that pressure within the vacuum chamber—and thus at the inlet port of each of the network(s)
of each of the chip(s)—reaches ambient pressure. As a result, for each of the network(s) of
each of the chip(s), the liquid can flow from the inlet port, through the flow path, and into the
test volume (FIG. 5C). The liquid can form droplets (e.g., 166) when passing through the
droplet-generating region (e.g., 120), which can enter the test volume; as liquid is introduced
into the test volume, the pressure within the test volume can increase until it reaches

substantially ambient pressure as well.
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[0056] Loading the chip(s) using a negative pressure gradient—which results from the
pressure in the test volume being lower than that in the vacuum chamber during loading—
provides a number of benefits. In conventional loading techniques that use a positive pressure
gradient, the test volume can be pressurized to above ambient pressure when loaded with
droplets; as such, droplets loaded in that manner may tend to shift and evacuate from the chip
when the environment around the chip returns to ambient pressure. To mitigate that
evacuation, conventionally-loaded chips may need seals or other retention mechanisms to keep
the droplets in the test volume and the pressure in the external environment may need to be
returned to ambient pressure slowly. By achieving pressure equalization between the test
volume and the environment outside of the chip (e.g., to ambient pressure) using the negative
pressure gradient, the position of the droplets within the test volume can be maintained for
analysis without the need for additional seals or other retention mechanisms, and pressure
equalization can be performed faster. For example, pressure within the vacuum chamber can
increase from the minimum pressure to ambient pressure in less than or equal to any one of, or
between any two of, 1 hour, 50 minutes, 40 minutes, 30 minutes, 20 minutes, 10 minutes, 5
minutes, or 30 seconds. Additionally, the negative pressure gradient used to load the chip can
reinforce seals (e.g., between different pieces of the chip) to prevent chip delamination and can
contain unintentional leaks by drawing gas into a leak if there is a failure. Leak containment
can promote safety when, for example, the aqueous liquid includes pathogens. Optionally,
pressure in the chamber can be decreased again (e.g., such that pressure in the chamber is less
than or equal to any one of, or between any two of, 0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3, 0.2, 0.1, or
0 atm) during the below-described imaging, which may further facilitate maintenance of the
droplet positions.

[0057] The pressure in the vacuum chamber can be reduced and increased using the
negative pressure source (e.g., 38) and/or one or more control valves (e.g., 130a-130d). For
example, the negative pressure source can remove gas from the vacuum chamber and thereby
decrease pressure therein (e.g., to below ambient pressure). Each of the control valve(s) can
be movable between closed and open positions in which the control valve prevents and permits,
respectively, fluid transfer between the vacuum chamber, the negative pressure source, and/or
and the external environment (e.g., 134 (e.g., compartment 22)). For example, the control
valve(s) of apparatus 10 can comprise a vacuum valve 130c and a vent valve 130d. During gas
evacuation, vacuum valve 130c can be opened and vent valve 130d can be closed such that
negative pressure source 38 can draw gas from vacuum chamber 34 and the vacuum chamber

is isolated from the external environment. During liquid introduction, vacuum valve 130c can
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be closed and vent valve 130d can be opened such that gas (e.g., air) can flow from the external
environment into vacuum chamber 34.

[0058] Controller 138 of apparatus 10 can be configured to control negative pressure source
38 and/or the control valve(s) to regulate pressure in vacuum chamber 34. Controller 138 can
be configured to receive vacuum chamber pressure measurements from a pressure sensor 142.
Based at least in part on those pressure measurements, controller 138 can be configured to
activate negative pressure source 38 and/or at least one of the control valve(s), e.g., to achieve
a target pressure within vacuum chamber 34 (e.g., with a proportional-integral-derivative
controller). For example, to control the rate at which pressure changes, the control valve(s) of
apparatus 10 can comprise a slow valve 130a and a fast valve 130b, each—when in the open
position—permitting fluid flow between vacuum chamber 34 and at least one of negative
pressure source 38 and external environment 134. Apparatus 10 can be configured such that
the maximum rate at which gas can flow through slow valve 130a is lower than that at which
gas can flow through fast valve 130b. As shown, for example, apparatus 10 comprises a
restriction 146 in fluid communication with slow valve 130a. Controller 138 can control the
rate at which gas enters or exits vacuum chamber 34—and thus the rate of change of pressure
in the vacuum chamber—at least by selecting and opening at least one of slow valve 130a (e.g.,
for a low flow rate) and fast valve 130b (e.g., for a high flow rate) and closing the non-selected
valve(s), if any. Slow and fast valves 130a and 130b can be in fluid communication with both
vacuum valve 130c and vent valve 130d such that controller 138 can adjust the flow rate in or
out of vacuum chamber 34 with the slow and fast valves during both stages. As such, suitable
control can be achieved without the need for a variable-powered negative pressure source or
proportional valves, although, in some embodiments, negative pressure source 38 can provide
different levels of vacuum power and/or at least one of control valves 130a-130d can comprise
a proportional valve.

[0059]  As shown, apparatus 10 can be used to load multiple (e.g., two or more) microfluidic
networks—whether defined by the same chip or by different chips—at the same time. For
example, the one or more chips can comprise two or more chips and/or the one or more
microfluidic networks of each of the chip(s) can comprise two or more microfluidic networks.
Because the ports of the microfluidic networks (whether defined by the same chip or different
chips) are exposed to the pressure changes in the vacuum chamber at substantially the same
time, when pressure increases in the chamber, the liquids in the inlet ports can all be directed
to the test volume of their respective microfluidic network. For example, as shown, the

apparatus can receive eight chips, each defining eight microfluidic networks such that sixty
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four test volumes can be loaded at the same time, allowing for the rapid analysis of multiple
samples. This increases throughput.

[0060]  Further, because pressure at the port(s) is controlled at least via the vacuum chamber
pressure, the port(s) need not be contacted after the chip(s) are disposed within the vacuum
chamber and their microfluidic network(s) are placed in fluid communication with the vacuum
chamber at least until images of the liquid are captured as described below. To illustrate, each
of the port(s) can be sealed prior to being disposed within the vacuum chamber (e.g., to contain
liquid therein) and placed in fluid communication with the vacuum chamber by breaking the
seal (e.g., such that chamber pressure can be communicated to the port), optionally with a
piercer in the vacuum chamber; after the seal is broken, the port need not be contacted at least
until imaging is complete.

[0061] Droplet generation can be achieved in any suitable manner. For example, referring
to FIGs. 6A-6D, in droplet-generating region 120 a minimum cross-sectional area of flow path
118 can increase along the flow path. To illustrate, flow path 118 can include a constricting
section 170 and an expansion region 174, where a minimum cross-sectional area of the flow
path is larger in the expansion region than in the constricting section. Such a change in the
cross-sectional area of flow path 118 can result from variations in the depth of the flow path.
For example, flow path 118 can include a constant section 178 (e.g., along which the depth of
the flow path is substantially the same) and/or an expanding section 182 (e.g., along which the
depth of the flow path increases along the flow path), the maximum depth of each being larger
than the maximum depth of constricting section 170. As such, the liquid flowing along flow
path 118 from constricting section 170 to expansion region 174 can expand to form droplets
166 (e.g., when the liquid includes aqueous liquid in the presence of the non-aqueous liquid)
(FIGs. 6A and 6B).

[0062]  When expansion region 174 includes constant section 178 and an expanding section
182, the constant section can compress droplets 166 to prevent full expansion thereof (FIG.
6B). Constant section 178 can thereby prevent droplets 166 from stacking on one another such
that the droplets can be arranged in a two-dimensional array in test volume 122. Such an array
can facilitate accurate analysis of droplets 166. A compressed droplet 166 flowing from
constant section 178 to expanding section 182 can travel and decompress along a ramp
(whether defined by a single surface, as shown, or by a plurality of steps) of the expanding
section (FIGs. 6C and 6D). The decompression can lower the surface energy of droplet 166
such that the droplet is propelled along the ramp and out of expanding section 182 (e.g., toward
test volume 122). At least by propelling droplets 166 out of expanding section 182, the ramp
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can mitigate droplet accumulation at the interface between the outlet of constricting section
170 and constant section 174 such that droplets 166 do not obstruct subsequent droplet
formation. Because such obstruction can cause inconsistencies in droplet size, expanding
section 182—by mitigating blockage—can facilitate formation of consistently-sized droplets,
e.g., droplets that each have a diameter within 3-6% of the diameter of each other of the
droplets.

[0063] Droplet-generating region 120 can have other configurations to form droplets. For
example, expansion of liquid can be achieved with a constant section 178 alone, an expanding
section 182 alone, or an expanding section upstream of a constant section. And in other
embodiments droplet-generating region 120 can be configured to form droplets via a T-junction
(e.g., at which two channels—aqueous liquid 155 flowing through one and non-aqueous liquid
158 flowing through the other—connect such that the non-aqueous liquid shears the aqueous
liquid to form droplets), flow focusing, co-flow, and/or the like. In some of such alternative
embodiments, each of microfluidic network(s) 110 can include multiple inlet ports 114 and
aqueous and non-aqueous liquids 154 and 158 can be disposed in different inlet ports (e.g.,
such that they can meet at a junction for droplet generation).

[0064] Due at least in part to the geometry of droplet-generating region 120, droplets 166
can have a relatively low volume, such as, for example, a volume that is less than or equal to
any one of, or between any two of, 10,000, 5,000, 1,000, 500, 400, 300, 200, 100, 75, or 25
picoliters (pL) (e.g., between 25 and 500 pL). The relatively low volume of droplets 166 can
facilitate analysis of, for example, microorganisms contained by aqueous liquid 154. During
droplet generation, each of one or more of the microorganisms can be encapsulated by one of
droplets 166 (e.g., such that each of the encapsulating droplets includes a single microorganism
and, optionally, progeny thereof). The concentration of encapsulated microorganism(s) in the
droplets can be relatively high due to the small droplet volume, which may permit detection
thereof without the need for a lengthy culture to propagate the microorganisms(s). Droplet-
generation can be performed to generate—and test volume 122 can have a sufficient volume
to receive—sufficient droplets for the below-described analysis. For example, greater than or
equal to any one of, or between any two of, 1,000, 5,000, 10,000, 20,000, 30,000, 40,000,
50,000, 60,000, 70,000, 80,000, 90,000, or 100,000 droplets (e.g., between 13,000 and 25,000
droplets) can be formed and accommodated in test volume 122.

[0065] Once chip(s) 14 are each loaded with liquid, some methods comprise, for each of
the network(s) of each of the chip(s), capturing an image of the liquid (e.g., droplets) within
the test volume while the chip is disposed within the vacuum chamber (FIG. 5C and FIGs. 7A-
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7C). To do this, apparatus 10 can include one or more, optionally two or more, light sources
186 positionable to illuminate at least a portion of each of space(s) 54 for receiving chip(s) 14
and an optical sensor 190 positionable to capture an image of at least a portion of each of the
space(s) for receiving the chip(s). In this manner, when chip(s) 14 are disposed on receptacle(s)
50, light source(s) 186 can be configured to illuminate and optical sensor 190 (e.g., a camera,
such as a CMOS camera) can be configured to capture an image of droplets 166 in each of test
volume(s) 122 (e.g., through transparent portion 90 of housing 26). The liquid loaded into each
of test volume(s) 122 can include a fluorescent compound, such as a viability indicator (e.g.,
resazurin) that can have a particular fluorescence that varies over time (e.g., depending on the
interaction of the viability indicator with microorganism(s) from the aqueous liquid that may
be encapsulated within droplets 166 during droplet formation). Light source(s) 186 may permit
droplets 166 to exhibit and optical sensor 190 can be configured to measure such fluorescence.
[0066]  For example, each of light source(s) 186 can, but need not, emit green light, such as
light having a spectrum in which the peak wavelength (e.g., the wavelength at which the
spectrum reaches its highest intensity) is greater than or equal to any one of, or between any
two of, 515, 520, 525, 530, 535, 540, or 545 nm (e.g., between 515 and 545 nm) and/or at least
90% of the emitted light has a wavelength that is between 450 and 600 nm. Apparatus 10 can
also include, for each of light source(s) 186, a filter through which light emitted from the light
source can pass before illuminating a test volume 122 such that certain wavelengths are filtered
out, which facilitates the analysis thereof. For example, such a filter can be a long-pass filter
that is transmissive over a spectrum spanning between a threshold wavelength and 900 nm and
is not transmissive over a spectrum spanning between 300 nm and a wavelength that is less
than the threshold wavelength. The threshold wavelength can be greater than or equal to any
one of, or between any two of, 570, 575, 580, 585, or 590 nm (e.g., between 575 and 595 nm).
Apparatus 10 can further include one or more interference filters through which light
attributable to fluorescence of liquid in a test volume 122 can pass to reach optical sensor 190
and that can filter out (e.g., reflect) other light such that it does not reach the optical sensor.
Such a filter can be transmissive over a spectrum spanning between lower and upper threshold
wavelengths and not transmissive over other spectral ranges, such as between 300 nm and a
wavelength that is less than the lower threshold wavelength and between a wavelength that is
greater than the upper threshold wavelength and 900 nm. The lower threshold wavelength can
be less than or equal to any one of, or between any two of, 515, 510, 505, 500, or 495 nm (e.g.,
between 490 and 510 nm) and the upper threshold wavelength can be can be greater than or

equal to any one of, or between any two of, 525, 530, 535, 540, 545, or 550 nm (e.g., between
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530 and 550 nm). As such, substantially all of the light received by optical sensor 190 can be
attributable to the liquid’s fluorescence to facilitate accurate analysis. For any filter, the filter’s
transmittance can be greater than or equal to any one of, or between any two of, 85%, 87%,
89%, 91%, 93%, or 95% over a spectrum in which it is transmissive and less than or equal to
any one of, or between any two of, 6%, 4%, 2%, or 0% over a spectrum in which it is not
transmissive.

[0067]  Light source(s) 186 and optical sensor 190 can be coupled to housing 26, such as via
shell 18. Referring to FIGs. 1H and 11 and 7A-7C, as shown light source(s) 186 and optical
sensor 190 are disposed outside of vacuum chamber 34; in other embodiments, however, at
least one of the light source(s) and optical sensor can be disposed in the vacuum chamber. To
achieve a smaller form factor while providing an adequate optical path for optical sensor 190
to capture the images, apparatus 10 can include a mirror assembly 194 and a tube 198
configured such that the optical sensor can capture an image of each of space(s) S54—and thus
the liquid in each of test volume(s) 122—without facing the space. For example, tube 198 can
extend in first direction 202a between first and second ends, with optical sensor 190 disposed
at the first end and mirror assembly 194 disposed at the second end; the mirror assembly can
be configured to receive light in a direction angularly disposed (e.g., substantially
perpendicular) relative to the first direction and transmit the light through the tube and to the
optical sensor. In this manner, optical sensor 190 can capture images of a space 54—and thus
liquid in a test volume 122—when mirror assembly 194 underlies the space.

[0068]  Optical sensor 190 and/or light source(s) 186 can be coupled to housing 26 such that
they are movable relative to at least one of walls 30 of housing 26 in at least one direction,
optionally in at least two orthogonal directions, to image liquid in each of test volume(s) 122.
For example, optical sensor 190 can be moved in first direction 202a (FIGs. 1H-11 and 7A-7B)
and in a second direction 202b that is perpendicular to the first direction (FIG. 7C). Light
source(s) 186 can be fixed relative to optical sensor 190 and thus can move in the same manner.
As such, a single optical sensor 190 can be configured to capture images of multiple test
volumes 122 while chip(s) 14 are disposed in vacuum chamber 34 and without moving the
chip(s) (e.g., by positioning mirror assembly 194 under the test volumes). Each of chip(s) 14
can thus remain stationary between and during each of increasing pressure within vacuum
chamber 34 and capturing the image to mitigate movement of droplets. In other embodiments,
however, chip(s) 14 can be moved in at least one direction, optionally with optical sensor 190
moving in at least one direction—which may be perpendicular to the direction in which the

chip(s) move—as well to permit imaging of multiple test volumes.
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[0069] Optical sensor 190 can be moved in any suitable manner, such as with one or more
actuators 210a and 210b. As shown, apparatus 10 includes one or more, optionally two or
more, first rails 206a along which optical sensor 190 can slide in first direction 202a and one
or more, optionally two or more, second rails 206b along which optical sensor 190 can slide in
second direction 202b. For example, optical sensor 190—along with light source(s) 186,
mirror assembly 194, and tube 198—can be coupled to first and second bases 214a and 214b,
the first base slidably mounted on first rail(s) 206a such that the first base can slide in first
direction 202a relative to walls 30 of housing 26 and the second base slidably mounted on
second rail(s) 206b such that the second base can slide in second direction 202b relative to the
walls of the housing. A first actuator 210a can be configured to slide first base 214a in first
direction 202a and a second actuator 210b can be configured to slide second base 214b in
second direction 202b. In this manner, each of actuators 210a and 210b can independently
move optical sensor 190 in a respective one of first and second directions 202a and 202b.
[0070] Apparatus 10 can be configured to focus optical sensor 190, such as by moving
mirror assembly 194 and/or tube 198 relative to the optical sensor along first direction 202a.
To do so, apparatus 10 can include an actuator 218, such as a linear actuator, that is coupled to
first and second bases 214a and 214b. For example, mirror assembly 194 and tube 198 can be
fixed to a tube mount 222 that is configured to slide relative to optical sensor 190 along first
direction 202a on one or more, optionally two or more, rails 226. A spring can be configured
to urge tube mount 222—and thus mirror assembly 194 and tube 198—toward optical sensor
190 and actuator 218 can be configured to extend and engage the tube mount to move the tube
mount away from the optical sensor. When actuator 218 retracts (e.g., as shown), the force of
the spring can move mirror assembly 194 and tube 198 toward optical sensor 190. In other
embodiments, however, any suitable mechanism can be used to focus optical sensor 190.
[0071] Movement of optical sensor 190, mirror assembly 194, and/or tube 198 (e.g., with
actuators 210a and 210b) and/or focusing of the optical sensor (e.g., with actuator 218) can be
controlled by controller 138. This can be automated. For example, controller 138 can be
configured to receive a command to image chip(s) 14 and thereafter position optical sensor 190
to image each of test volume(s) 122 (e.g., by controlling actuators 210a and 210b as described
above).

[0072]  Because the pressure in test volume 122 of each of network(s) 110 of each of chip(s)
14 can be substantially ambient pressure after loading is complete and imaging can be
performed when the chip(s) are in vacuum chamber 34 (e.g., with light source(s) 186 and

optical sensor 190 integrated into the same apparatus as the vacuum chamber), images can be
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captured relatively quickly. For example, for each of the network(s) of each of the chip(s),
capturing the image can be performed within 20 minutes, 15 minutes, 10 minutes, or 5 minutes
(e.g., within 10 minutes) of pressure within the vacuum chamber reaching the increased
ambient pressure from venting (e.g., ambient pressure). Once imaging begins, the imaging can
span less than or equal to any one of, or between any two of, 10,9, 8,7, 6, 5, 4, 3,2, or 1 hours.
[0073] Referring to FIG. 8, in some embodiments a system 230 can include multiple ones
of apparatus 10 (e.g., any of those described above). As shown, system 230 can include one
or more, optionally two or more, stacks of apparatuses 10, each of the stacks including at least
two of the apparatuses. Apparatuses 10 can be controlled with a single user interface 234,
which may include a screen (e.g., a touch screen), keyboard, mouse, and/or the like through
which a user can control each of the apparatuses to open and close door 70 (e.g., by actuating
actuator 78), load liquid intoo chip(s) 14 in vacuum chamber 34 (e.g., by controlling negative
pressure source 38), image test volume(s) 122 of chip(s) 14 with optical sensor 190 (e.g., by
initiating movement of the optical sensor as described above), and/or the like. User interface
234 can control each of apparatuses 10 independent of the other apparatuses. In this manner,
system 230 can promote high-throughput analysis.

[0074] The above specification and examples provide a complete description of the
structure and use of illustrative embodiments. Although certain embodiments have been
described above with a certain degree of particularity, or with reference to one or more
individual embodiments, those skilled in the art could make numerous alterations to the
disclosed embodiments without departing from the scope of this invention. As such, the
various illustrative embodiments of the methods and systems are not intended to be limited to
the particular forms disclosed. Rather, they include all modifications and alternatives falling
within the scope of the claims, and embodiments other than the one shown may include some
or all of the features of the depicted embodiment. For example, elements may be omitted or
combined as a unitary structure, and/or connections may be substituted. Further, where
appropriate, aspects of any of the examples described above may be combined with aspects of
any of the other examples described to form further examples having comparable or different
properties and/or functions, and addressing the same or different problems. Similarly, it will
be understood that the benefits and advantages described above may relate to one embodiment
or may relate to several embodiments.

[0075]  The claims are not intended to include, and should not be interpreted to include,
means-plus- or step-plus-function limitations, unless such a limitation is explicitly recited in a

given claim using the phrase(s) “means for” or “step for,” respectively.
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CLAIMS

An apparatus for loading and imaging at least one microfluidic chip, the apparatus

comprising:

a housing having walls that define a vacuum chamber;

a first receptacle disposed within the vacuum chamber, the first receptacle defining a
space for receiving one or more microfluidic chips;

a negative pressure source coupled to the housing and configured to reduce pressure
within the vacuum chamber;

a light source coupled to the housing and positionable to illuminate at least a portion of
the space for receiving the microfluidic chip(s); and

an optical sensor coupled to the housing and positionable to capture an image of at least

a portion of the space for receiving the microfluidic chip(s).

The apparatus of claim 1, wherein:

at least one of the walls defines an opening;

the housing comprises a door that is movable between an open position in which the
door permits access to the vacuum chamber through the opening and a closed
position in which the door prevents access to the vacuum chamber through the

opening.

The apparatus of claim 2, comprising:
a tray that is movable into and out of the vacuum chamber through the opening;

wherein the first receptacle is coupled to or defined by the tray.

The apparatus of claim 3, wherein the tray is slidably coupled to at least one of the walls

of the housing.

The apparatus of claim 3, wherein the tray is coupled to the door such that movement
of the door between the open and closed positions moves the tray into and out of the

vacuum chamber.

The apparatus of claim 2, wherein, while the door is in the closed position, the first
receptacle is immovable in at least two orthogonal directions relative to at least one of

the walls of the housing.
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7. The apparatus of claim 2, comprising a seal coupled to the housing such that, when the
door is in the closed position:
the seal is disposed around the opening and in contact with the door; and

reducing pressure within the vacuum chamber urges the door against the seal.

8. The apparatus of claim 2, wherein:
at least one of the walls of the housing includes a transparent portion; and
the optical sensor is disposed outside of the vacuum chamber and is positioned to
capture an image of at least a portion of the space for receiving the microfluidic

chip(s) through the transparent portion.

9. The apparatus of claim 1, wherein the optical sensor is movable relative to at least one

of the walls of the housing in at least two orthogonal directions.

10. The apparatus of claim 1, comprising a heating element disposed within the vacuum
chamber.
11. The apparatus of claim 1, wherein:

the apparatus comprises a second receptacle disposed within the vacuum chamber, the
second receptacle defining a space for receiving one or more microfluidic chips;
or

the first receptacle defines a space for receiving two or more microfluidic chips.

12. A method of loading and imaging a microfluidic chip, the method comprising:
disposing one or more microfluidic chips within a vacuum chamber, the vacuum
chamber defined by walls of a housing, each of the chip(s) having one or more
microfluidic networks that each includes:
one or more ports, including an inlet port containing liquid;
a test volume containing gas; and
a flow path extending between the inlet port and the test volume, the flow path
including a droplet-generating region along which a minimum cross-
sectional area of the flow path increases along the flow path;
reducing pressure within the vacuum chamber such that, for each of the network(s) of

each of the chip(s), gas flows from the test volume and out of at least one of the

port(s);
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increasing pressure within the vacuum chamber such that, for each of the network(s) of
each of the chip(s), liquid flows from the inlet port, through the flow path, and
into the test volume; and

for each of the network(s) of each of the chip(s), capturing an image of liquid within

the test volume while the chip is disposed within the vacuum chamber.

The method of claim 12, wherein, for each of the chip(s), the chip remains stationary
relative to at least one of the walls of the housing between and during each of increasing

pressure within the vacuum chamber and capturing the image.

The method of claim 12, wherein for each of the network(s) of each of the chip(s),
capturing an image of liquid comprises moving an optical sensor relative to the walls

of the housing in at least two orthogonal directions.

The method of claim 12, wherein:

at least one of the walls of the housing includes a transparent portion; and

for each of the network(s) of each of the chip(s), capturing the image is performed using
an optical sensor disposed outside of the vacuum chamber and through the

transparent portion.

The method of claim 12, comprising, for each of the chip(s), illuminating the chip with
a light source coupled to at least one of the walls of the housing while the chip is

disposed within the vacuum chamber.

The method of claim 12, wherein increasing pressure within the vacuum chamber is

performed such that pressure within the vacuum chamber reaches ambient pressure.

The method of claim 17, wherein pressure within the chamber increases from the

minimum pressure to ambient pressure in less than 1 hour.

The method of claim 17, wherein, for each of the network(s) of each of the chip(s),
capturing the image is performed within 15 minutes of pressure within the chamber

reaching ambient pressure.

The method of claim 12, wherein:
the one or more chips comprise two or more chips; and/or

for each of the chip(s), the one or more networks comprise two or more networks.
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