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SYSTEM FOR FORMING EMULSIONS
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Introduction

Many biomedical applications rely on high-throughput assays of
samples. For example, in research and clinical applications, high-throughput
genetic tests using target-specific reagents can provide accurate and precise
quantification of nucleic acid targets for drug discovery, biomarker discovery,
and clinical diagnostics, among others.

Emulsions hold substantial promise for revolutionizing high-throughput
assays. Emulsification techniques can create large numbers of aqueous
droplets that function as independent reaction chambers for biochemical
reactions. For example, an aqueous sample (e.g., 20 microliters) can be
partitioned into droplets (e.g., 20,000 droplets of one nanoliter each) to allow
an individual test to be performed on each of the droplets.

Aqueous droplets can be suspended in oil to create a water-in-oil
emulsion (W/Q). The emulsion can be stabilized with a surfactant to reduce

coalescence of droplets during heating, cooling, and transport, thereby
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enabling thermal cycling to be performed. Accordingly, emulsions have been
used to perform single-copy amplification of nucleic acid target molecules in
droplets using the polymerase chain reaction (PCR). Digital assays are
enabled by the ability to detect the presence of individual molecules of a
target in droplets.

In an exemplary droplet-based digital assay, a sample is partitioned
into a set of droplets at a limiting dilution of a target (i.e., some of the droplets
contain no molecules of the target). If molecules of the target are distributed
randomly among the droplets, the probability of finding exactly 0, 1, 2, 3, or
more target molecules in a droplet, based on a given average concentration of
the target in the droplets, is described by a Poisson distribution. Conversely,
the concentration of target molecules in the droplets (and thus in the sample)
may be calculated from the probability of finding a given number of molecules
in a droplet.

Estimates of the probability of finding no target molecules and of
finding one or more target molecules may be measured in the digital assay. In
a binary approach, each droplet can be tested to determine whether the
droplet is positive and contains at least one molecule of the target, or is
negative and contains no molecules of the target. The probability of finding no
molecules of the target in a droplet can be approximated by the fraction of
droplets tested that are negative (the “negative fraction”), and the probability
of finding at least one target molecule by the fraction of droplets tested that
are positive (the “positive fraction”). The positive fraction or the negative
fraction then may be utilized in a Poisson algorithm to calculate the
concentration of the target in the droplets. In other cases, the digital assay
may generate data that is greater than binary. For example, the assay may
measure how many molecules of the target are present in each droplet with a
resolution greater than negative (0) or positive (>0) (e.g., 0, 1, or >1
molecules; 0, 1, 2, or >2 molecules; or the like).

The promise of emulsification to revolutionize biomedical assays
requires an efficient system for forming emulsions. However, available

systems may not use samples efficiently—a substantial portion of the sample
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may not be incorporated into the emulsion and instead may be wasted rather than tested. Also,
the systems may not be automated at all or at least not sufficiently to free the user for other tasks
during emulsion formation. In some cases, the systems may fail to be user-friendly by requiring
substantial skill and training to operate successfully. Furthermore, the systems may not provide

adequate safeguards to minimize cross-contamination of samples.

Object of the Invention

It is an object of the present invention to substantially overcome or at least ameliorate one

or more of the above disadvantages, or to at least provide a useful alternative.

Summary

There is disclosed herein a system for emulsion formation, comprising:

a microfluidic device having a plurality of emulsion formation units each including a
sample well, a droplet well, a sample inlet channel extending from the sample well to a channel
intersection, and a droplet outlet channel extending from the channel intersection to the droplet
well; and

an instrument that operatively receives the microfluidic device and including a fluidics
assembly having a pressure sensor, the instrument being configured (a) to apply pressure to the
emulsion formation units in parallel with the fluidics assembly to drive parallel generation of
droplets at the channel intersections of the emulsion formation units and parallel collection of
emulsions of the droplets in the droplet wells of the emulsion formation units, (b) to monitor the
pressure with the pressure sensor, and (c) to stop application of the pressure to all of the
emulsion formation units when the pressure sensor detects a change in pressure indicative of air

entering any one of the sample inlet channels from a corresponding sample well.

Brief Description of the Drawings

Preferred embodiments of the invention will be described hereinafter, by way of an

examples only, with reference to the accompanying drawings.

Figure 1 is a view of an exemplary system for forming emulsions that includes an
instrument that functions as an emulsification engine, with the instrument in a closed

configuration, in accordance with aspects of the present disclosure.

AH26(10625656_1):MSD



2011323422 27 Oct 2015

3a

Figure 2 is another view of the system of Fig. 1 with the instrument in an open
configuration that reveals a microfluidic cassette seated in a receiving area of the instrument, in

accordance with aspects of the present disclosure.

Figure 3 is a schematic view of the system of Figs. 1 and 2.

Figure 4 is a plan view of the cassette and receiving area of Fig. 2, showing a
microfluidic chip and a cartridge of the cassette, in accordance with aspects of the present

disclosure.

Figure 5 is a plan view of the cassette and receiving area of Fig. 4 taken with a gasket

attached to the cartridge of the cassette and covering wells of the chip.

AH26(10625656_1):MSD
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Figure 6 is an exploded view of the chip of Fig. 4.

Figure 7 is a plan view of the chip of Fig. 6, taken generally along line
7-7 of Fig. 6.

Figure 8 is a sectional view of the chip of Fig. 6, taken generally along
line 8-8 of Fig. 7.

Figure 9 is a somewhat schematic bottom view of a single emulsion
formation unit of the chip of Fig. 6, in accordance with aspects of the present
disclosure.

Figure 10 is a bottom view of an upper member of the chip of Fig. 6,
taken generally along line 10-10 of Fig. 6.

Figure 11 is a less schematic bottom view of the single emulsion
formation unit of Fig. 9.

Figure 12 is a plan view of the cartridge of Fig. 4 taken with the
cartridge in an open configuration that permits the chip to be loaded into and
removed from the cartridge, in accordance with aspects of the present
disclosure.

Figure 13 is an exploded view of the cartridge of Fig. 12, taken
generally from above and to the side of the cartridge.

Figure 14 is a plan view of the receiving area of the instrument of Fig.
2, taken as in Fig. 4 but without the cassette.

Figure 15 is a sectional view of the cassette and receiving area of Figs.
5 and 14, taken generally along line 15-15 of Fig. 5.

Figure 16 is a schematic view of the fluidics assembly and chip of the
system of Fig. 1, taken with a manifold of the fluidics assembly in fluid
communication with the chip.

Figure 17 is a somewhat schematic flowchart illustrating exemplary
formation and concentration of an emulsion with the system of Fig. 1, in
accordance with aspects of the present disclosure.

Figure 18 is a plan view of selected aspects of the system of Figs. 1
and 5, namely, the fluidics and drive assemblies of the instrument and the
cassette seated in the instrument, with the manifold of the fluidics assembly

operatively engaged with the cassette.
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Figure 19 is a fragmentary plan view of selected aspects of the
instrument and cassette of Fig. 18.

Figure 20 is a sectional view of the manifold, chip, and gasket of Fig.
19, taken generally along line 20-20 of Fig. 19.

Figure 21 is a side view of selected aspects of the system of Figs. 1
and 2, taken with the manifold in a refracted and raised configuration that
permits the cassette to be loaded into and removed from the instrument, in
accordance with aspects of the present disclosure.

Figure 22 is a side view of selected aspects of the system of Figs. 1
and 2, taken as in Fig. 21 but with the manifold in an extended and lowered
configuration in which the manifold is operatively engaged with the cassette,
in accordance with aspects of the present disclosure.

Detailed Description

The present disclosure provides a system, including methods,
apparatus, and kits, for forming emulsions. The system may include an
instrument and a microfluidic chip received by the instrument. The instrument
may apply pressure to prospective emulsion phases held by the chip, to drive
formation and collection of emulsions in the chip. In some embodiments, the
instrument may stop applying pressure to the chip when a change in pressure
meeting a predefined condition is detected by the instrument. The change
may indicate that an endpoint of droplet generation has been reached.

An exemplary method of emulsion formation is provided. In the
method, pressure may be applied to a microfluidic chip holding prospective
emulsion phases, to drive droplet formation and collection of emulsions in the
chip. The pressure may be monitored for a change that meets a predefined
condition. Application of the pressure may be stopped when the change is
detected.

Another exemplary method of emulsion formation is provided. In the
method, pressure may be applied to a microfluidic chip holding prospective
emulsion phases in input containers, to drive the phases through channels of
the chip for droplet formation and collection as emulsions in output containers

of the chip. Application of the pressure may be stopped after air has followed
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liquid into one or more of the channels from one or more of the input
containers and before a significant volume of air enters the output containers,
such as before the air has reached all of the emulsions collected in the output
containers.

Yet another exemplary method of emulsion formation is provided. In
the method, pressure may be applied to a microfluidic chip holding samples
and at least one continuous phase, to drive formation of droplets and
collection of emulsions in the chip. Application of the pressure may be
stopped when at least about 80% by volume of each of the samples has been
converted to droplets.

Still another exemplary method of emulsion formation is provided. In
the method, prospective emulsions phases may be dispensed into wells of a
microfluidic chip. The chip may be disposed in a receiving area of an
instrument. An actuation signal may be inputted to the instrument. The
actuation signal may cause the instrument to apply pressure to the chip to
drive formation and collection of emulsions in parallel in the chip, and to stop
application of pressure when an endpoint of emulsion formation has been
reached.

Yet still another exemplary method of emulsion formation is provided.
In the method, pressure may be applied to a microfluidic chip holding
prospective emulsion phases, to drive droplet formation and collection of
emulsions in the chip. Monitoring may be performed with at least one sensor.
The sensor may monitor an aspect of liquid held by the chip and/or of a fluid
volume in contact with the liquid for a change that indicates an endpoint for
droplet generation has been reached. Application of the pressure may be
stopped when the change is detected.

Still yet another exemplary method of emulsion formation is provided.
In the method, a first phase and an immiscible second phase may be driven
through a droplet generator and forward along a flow path connecting the
droplet generator to a container, such that an emulsion of first phase droplets
disposed in the second phase is collected in the container. The emulsion may

be concentrated. For example, a volume fraction of the second phase in the
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collected emulsion may be decreased by selectively driving the second phase
from the container in reverse along the flow path.

Yet another exemplary method of emulsion formation is provided. In
the method, negative or positive gas pressure may be established in a
reservoir. Fluid communication may be created between the reservoir and a
microfluidic chip holding prospective emulsion phases. The fluid
communication may be maintained while the established pressure drives
droplet formation and collection of emulsions in the chip, without modification
of the established pressure by a pump.

Another exemplary method of emulsion formation is provided. In the
method, a first microfluidic chip and a first gasket defining a plurality of orifices
may be disposed in a receiving area of an instrument, with the first gasket
connected to the first chip. Pressure may be applied with an instrument to the
first microfluidic chip via the orifices to drive droplet formation and collection of
emulsions in the first chip. The first chip and the first gasket may be removed
from the receiving area. Disposing, applying, and removing may be repeated
with a second microfluidic chip and a second gasket, or the first chip and/or
first gasket may be reused.

An exemplary system for emulsion formation is provided. The system
may comprise a microfluidic chip configured to hold prospective emulsion
phases. The system also may comprise an instrument including a fluidics
assembly having a pressure sensor. The instrument may be configured to
apply pressure to the chip with the fluidics assembly to drive droplet
generation and collection of emulsions in the chip. The instrument also may
be configured to monitor the pressure with the pressure sensor for a change
indicating an endpoint of droplet generation has been reached, and to stop
application of the pressure when the change is detected by the pressure
sensor.

An exemplary kit is provided for use with an instrument. The kit may
include any combination of one or more microfluidic chips, one or more
gaskets, one or more cartridges to hold the chips and/or gaskets, a volume of

continuous phase disposed in a container and sufficient for forming a plurality
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of emulsions in a chip, reagents for addition to aqueous samples to enable
emulsification and/or an amplification reaction, and instructions for using kit
components with the instrument for driving emulsion formation in a chip,
among others.

The emulsion formation system disclosed herein has substantial
advantages over other approaches to forming emulsions. The advantages
may include (1) more complete incorporation of each sample into an emulsion
(i.e., less sample is wasted), (2) the ability to concentrate each emulsion by
reverse flow of the continuous phase after emulsion collection, (3) single-step
actuation of the instrument after loading the chip, (4) sample containment by a
chip and a gasket that are both disposable, (5) a removable and reusable
cartridge for holding the chip and the gasket, (6) the ability to monitor flow
and/or pressure within a range or about a set point to make it possible to
deliver monodisperse emulsions and/or highly uniform volumes of dispersed
and continuous phases, or any combination thereof, among others.

These and other aspects of the present disclosure are described in the
following sections: (I) overview of an exemplary emulsion formation system
with an instrument and a cassette, (ll) an exemplary cassette, (lll) an
exemplary microfluidic chip, (IV) exemplary cartridge, (V) exemplary seated
configuration for a cassette in the instrument, (VI) exemplary structure and
operation of a fluidics assembly for the instrument, (VIl) exemplary structure
and operation of a drive assembly for the instrument, and (VIIlI) selected
embodiments.

l. Overview of an Exemplary Emulsion Formation System with an
Instrument and a Cassette

This section describes an exemplary emulsion formation system 50
including an instrument 52 and a microfluidic cassette 54; see Figs. 1 to 3.

Figures 1 and 2 show instrument 52 in respective closed and open
configurations. The instrument may be described as an emulsification engine
or apparatus that drives any combination of fluid flow, droplet generation,
emulsion formation, emulsion collection, and emulsion concentration, among

others, in cassette 54. The instrument may form a seat 56 (interchangeably
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termed a seating area, a receiving area, or a loading site) at which the
cassette may be operatively disposed for interaction with the instrument.

Figure 3 shows a schematic view of instrument 52 and cassette 54 of
system 50, with cassette 54 engaged with seat 56. Instrument 52 may be
equipped with a fluidics assembly 58 and a drive assembly 60. Fluidics
assembly 58 may be any mechanism or set of mechanisms that, among
others, contains, releases, directs, drives, monitors, regulates, controls,
and/or detects fluid, generally, gas and/or liquid, in instrument 52 and cassette
54. Drive assembly 60 may be any mechanism or set of mechanisms that
drives relative motion of one or more portions of the instrument relative to one
another and/or relative to the cassette (or vice versa). In some cases, the
fluidics assembly may be engaged with the cassette manually.

The fluidics assembly may include at least one pressure source 62,
such as one or more pumps 64, 66. Each pressure source may be a source of
positive pressure and/or negative pressure (i.e., a pressure respectively
greater or less than atmospheric pressure). For example, the fluidics
assembly may include a vacuum pump 64 configured to be a source of
negative pressure applied to the cassette. Alternatively, or in addition, the
fluidics assembly may include a positive pressure pump 66 configured to be a
source of positive pressure applied to the cassette. In some cases, the same
pump (e.g., a reversible pump) may be a source of negative pressure and
positive pressure applied to the cassette at different times. In some cases,
both negative and positive pressure may be applied to the cassette (and
particularly to a chip thereof) at the same time. Exemplary pumps that may be
suitable include diaphragm pumps, syringe pumps, rotary pumps, etc.

Fluid may be contained in the fluidics assembly by any suitable fluidic
containers 68 such as one or more conduits 70 (e.g., tubing), at least one
manifold 72, one or more chambers, or any combination thereof. In any event,
the fluidic containers provide a cassette interface structure 74 (such as
manifold 72) having one or more ports 76 for fluid communication with the
cassette. In other words, pressure originating from the pressure source may

be applied to the cassette via ports 76 of interface structure 74.
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Flow of fluid through the fluidics assembly may be regulated by one or
more valves 78-84. Each valve may be an on/off valve 78, 80, or a valve that
is continuously adjustable. In some cases, the valve may be a continuously
adjustable valve 82, 84 that is included in a pressure controller 86, 88 that
achieves and maintains pressure at a set point. The valve may provide any
suitable number of connections to pumps, conduits, ports, and/or vents, such
as a two-, three-, or four-way valve, among others.

Pressure in the fluidics assembly may be measured at any suitable
positions therein by one or more pressure sensors 90-94. The pressure
sensors may include an endpoint pressure sensor 90 configured to detect
pressure changes associated with ports 76 and resulting from air intake by
channels of cassette 54. The sensors also or alternatively may include
pressure sensors 92, 94 incorporated into pressure controllers 86, 88,
respectively.

Drive assembly 60 may be configured to drive relative motion,
indicated by a double-headed arrow at 100, of manifold 72 (and/or ports 76)
and cassette 54 (and/or seat 56). The drive assembly first may bring the
manifold (and/or ports) and the cassette together, into sealed engagement
with one another, to fluidically connect (i.e., create fluid communication
between) the manifold/ports and the cassette, for emulsion formation. Then,
the drive assembly may separate the manifold/ports and the cassette from
one other, to break the sealed engagement and terminate the fluid
communication. In any event, the drive assembly may drive motion of the
manifold/ports, the cassette (and/or seat), or a combination thereof, in parallel
or serially.

The drive assembly may be equipped with one or more force-
generation devices, such as one or more motors 100, 102. Each motor may
be a rotary motor or a linear motor, among others. In some cases, motor 100
or another force-generation device may drive horizontal motion (of the
manifold/ports and/or cassette/seat), and motor 102 or another force-

generation device may drive vertical motion (of the manifold/ports and/or
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cassette/seat). In some cases, the manifold/ports and/or the cassette/seat are
driven only vertically relative to each other.

Each motor may be connected to a respective carriage 104, 106 via a
power train that includes one or more linkages 108, 109, which may include
one or more racks, gears, pulleys, cables, lead screws, and/or the like. Each
carriage may carry and/or support any suitable combination of components of
fluidics assembly 58 and/or a door of the instrument (see below). For
example, one or more carriages may carry manifold 72/ports 76, and/or one
or more carriages may carry cassette 54 (and seat 56). In some cases, both
carriages may carry manifold 72/ports 76 or both may carry cassette 54 (and
seat 56). In other examples, one carriage may carry manifold 72/ports 76 and
another carriage may carry cassette 54 (and seat 56).

Drive assembly 60 also may be equipped with one or more sensors
110, which may, for example, be position sensors, such as rotary or linear
encoders. The position sensors may measure the position and/or velocity of
one or more drive assembly components, such as the motors and/or the
carriages, among others.

Instrument 52 may incorporate any number of additional sensors, such
as cassette sensors 114, 116 and/or an endpoint sensor 117. Each of sensors
114, 116, 117 may be associated with cassette 54, seat 56, and/or manifold
72/ports 76, among others. Each additional sensor may be an optical sensor,
an electrical sensor, or the like. The sensor may detect an aspect of the
cassette itself, liquid held by the cassette, and/or fluid in contact with the
liquid. For example, each sensor may detect whether or not a component of
the cassette is loaded in the instrument, whether or not fluid has been loaded
properly in the cassette, whether or not an emulsion has been formed,
whether or not liquid has been depleted from a container of the cassette, or
the like. Further aspects of endpoint sensors 117 are described below in
Section VI.

The instrument may include a processor 120 programmed to control
and coordinate operation of other instrument components. The processor may

be or include any suitable combination of electronic devices or components
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that send and receive signals and, optionally, manipulate data, in analog
and/or digital form. The processor may be in communication with fluidics
assembly 58, drive assembly 60, sensors 114-117, and a user interface 122,
among others. Accordingly, the processor may be configured to control any
combination of pumps 64, 66, pressure controliers 86, 88, valves 78, 80,
motors 100, 102, and the like.

User interface 122 may include any mechanism or set of mechanisms
for receiving inputs from a user and/or communicating outputs to the user.
The interface may include any suitable input device(s), such as a button, a
lever, a knob, a mouse, a joystick, a keypad, a touchscreen, a keyboard, a
data port, etc. The interface also or alternatively may include any suitable
output device(s), such as one or more status lights, a display or screen, a
printer, a data port, and/or the like.

Figure 1 shows an exemplary embodiment of user interface 122. The
user interface may have a single input device, namely, a button 124 provided
on an exterior of the instrument, in this case, on a door 126. Button 124 (or
another user control) may be connected to a switch 128 operated by pressing
the button. Pressing the button when the door is closed, as in Fig. 1, may
signal the processor to open (and/or unlock) the door via the drive assembly.
Pressing the button when the door is open, as in Fig. 2, may signal the
processor to close (and, optionally, lock) the door via the drive assembly. In
some cases, the processor may proceed, without further user input or
participation, to initiate and control a sequence of operations by the drive
assembly and fluidics assembly that cause emulsion formation and,
optionally, emulsion concentration, in the cassette.

The user interface of instrument 52 also may include one or more
indicator lights 130-136 that may communicate a status of the instrument to
the user. For example, indicator light 130 may be visible through button 124.
Other indicator lights 132-136 may be supported by a body or housing 138 of
the instrument. The indicator lights may communicate a status such as (a)
emulsion formation in progress, (b) cassette not seated in instrument, (c)

cassette is seated, (d) gasket missing, (e) door is locked, or the like.
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Figures 1 and 2 respectively show instrument 52 in a closed
configuration and an open configuration. Housing 138 and door 126
collectively may form a chamber 140 in which seat 56 may be disposed .The
position of door 126 may determine the closed or open configuration of the
instrument. For example, here, door 126 retracts into chamber 140 to permit
access lo seat 56. In other words, the door may move translationally when the
instrument opens to decrease the size of chamber 140, such that seat 56 is
disposed outside rather than inside the chamber. Door 126 may function as a
barrier that protects internal components of the instrument. In this way,
electronic, fluidic, and mechanical components of instrument 52 (e.g., fluidics
assembly 58, drive assembly 60, processor 120, etc.) can remain
substantially inaccessible to the user and protected from cleaning agents,
such as bleach, that may be used to minimize the chance of cross-
contamination between chips/experiments. In other examples, the door may
move pivotally or both pivotally and translationally between open and closed
configurations.

Il Exemplary Cassette

This section describes exemplary microfluidic cassette 54 that
interfaces with instrument 52; see Figs. 4 and 5.

Figures 4 and 5 shows cassette 54 supported by and engaged with
seat 56 of instrument 52. The cassette may be any device or assembly
configured to be operatively and removably engaged with instrument 52. The
cassette may be configured to be readily received by and removed from
instrument 52 and is interchangeable with other cassettes. For example, a
user may use a set of cassettes each of which can be disposed
interchangeably in seat 56, for emulsion formation with the cassettes serially.
Cassette 54 may include a cartridge 150, a microfluidic chip 152 (see Fig. 4),
and a gasket 154 (see Fig. 5).

Cartridge 150, also termed a chip holder, may be configured to support
and position the chip, and in some cases, may lock the chip reversibly to the

cartridge. The cartridge may be reusable because the cartridge does not
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contact any liquid loaded into and driven within microfluidic chip 152. (The
instrument may not contact any of the liquid either.)

The cartridge may have any suitable size and shape. For example, the
cartridge may have a larger footprint than the chip, such as being wider and/or
longer than the chip, to facilitate handling by a user. Also, or in addition, the
cartridge may elevate the chip from a bottom surface of the cartridge. The
cartridge thus may (or may not) have a greater height than the chip. The
cartridge may be shaped to mate with seat 56. For example, seat 56 may be
at least generally complementary to the cartridge, such as including an at
least generally cartridge-shaped depression 156 formed in a floor 158 of the
chamber of the instrument. Depression 156 may have corner wall regions 160
that restrict horizontal motion of the cartridge. Also, the depression may have
one or more sloped wall regions 162 that facilitate the ability of the user to
grasp the cartridge as the cartridge is being placed manually into the
depression and/or removed from the depression. In other examples, seat 56
may project upward from floor 158. In any event, cartridge 150 and seat 56
may be configured such that the cartridge can be installed in only one
orientation, to avoid application of pressure by instrument 52 to the wrong
parts (e.g., the wrong row of wells) of the microfluidic chip. In the depicted
embodiment, cartridge 150 is generally trapezoidal in shape.

Cartridge 150 also may attach gasket 154 to the cassette (see Figs. 4
and 5). For example, the cartridge may form a plurality of projections, such as
hooks 164 or pins, that are configured to be received in apertures 166 of the
gasket (see Fig. 5).

Microfluidic chip 152 may form a plurality of wells 168-172 that serve
as input containers for prospective emulsion phases and output containers for
collected emulsions (see Fig. 4). The chip is described in more detail below in
Section Ill.

Figure 5 shows gasket 154 attached to cartridge 150. The gasket may
be used for emulsion formation only once (i.e., a disposable gasket) or may
be used more than once (i.e., a reusable gasket). The gasket may include a

substantially planar sheet 174 formed of a conformable and/or resilient
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material, such as an elastomer (e.g., silicone rubber). The sheet may be sized
to cover at least a portion of the chip, such as to at least partially cover any
suitable number of the wells of the chip. At least partially covering the wells
may limit inadvertent introduction of contaminants into the wells and/or cross-
contamination between wells.

The sheet may define apertures 166 at opposing ends and/or sides of
the sheet, and an array of orifices 176 (interchangeably termed through-holes)
that are arranged in correspondence with wells 168, wells 170, and/or wells
172 of chip 152 (also see Fig. 4). For example, orifices 176 may have the
same spacing as the wells and may be alignable (e.g., coaxially) with any
number of the wells, such that each of wells 168, each of wells 170, and/or
each of wells 172 is overlapped by a different orifice. Each orifice may (or may
not) be smaller in diameter than the (inner) diameter of an overlapped well.
Accordingly, each orifice may overlap only one well or may be large enough to
overlap two or more wells (e.g., overlapping a row or column of wells, among
others). The orifice may function as a vent during emulsion formation and/or
emulsion concentration and/or may provide fluid communication between
ports of the instrument and wells of the chip. When the gasket is operatively
disposed on and engaged with the chip, the gasket may be configured to form
a circumferential seal with any of the wells of the chip, such as each of wells
168, 170, and/or 172. Exemplary sizes for orifices 176 include a diameter of
about 0.2, 0.5, 1, 2, 3, or 5 mm, among others, or less than about one-half of
the outer or inner diameter of each corresponding well.

The gasket may be a separate piece from the chip or may be integral
to the chip. If integral, the gasket may be substantially permanently attached
to the containers of the chip, such that the containers and the gasket cannot
be separated from each other without damaging the chip (i.e., the chip has a
unitary structure that includes a gasket). The gasket may be co-molded with
the containers of the chip or may be formed separately and attached
permanently to the chip, such as with an adhesive, by bonding, or the like. In
some cases, the gasket may be formed as a plurality of spaced annuluses of

elastomeric material disposed on and/or permanently attached to the top
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surface of the desired containers of the chip, such as each of the output wells.
Each annulus may be coaxial with a container of the chip.

The gasket may include a thin sheet or layer of filter paper. The filter
paper may be disposed on the resilient sheet and/or may be sandwiched
between a pair of resilient sheets to encapsulate the filter paper, among
others. In any event, the filter paper may overlap/cover each of the orifices of
the sheet. The filter paper may have a pore size selected to reduce
particulates from being drawn into the manifold and/or entering containers of
the chip from the ambient environment and/or the manifold. The filter paper
may reduce contamination. The pore size may be selected such that air flow,
venting and/or pressure in the chip and instrument are not affected
substantially or adversely. The filter paper may be chosen to be hydrophobic
or oleo/hydrophilic, to minimize contamination with, and/or passage into the
manifold of, hydrophilic/aqueous or oleo/hydrophobic fluids, respectively.

. Exemplary Microfluidic Chip

This section describes exemplary microfluidic chip 152 that may be
utilized in cassette 54 to form and collect one or more emulsions; see Figs. 6
to 11.

The term “chip” in the present disclosure describes any device for
holding and manipulating fluids, such as prospective and actual emulsion
phases. The device may not (or may) include electrical and/or electronic
structure. The terms “microfluidic chip” and “microfluidic device” are
interchangeable. The term “microfluidic” means that the chip/device defines at
least one channel with a characteristic dimension (e.g., diameter, width,
and/or depth) of less than one millimeter. A microfluidic chip is not limited
otherwise in size, shape, or functionality, except when expressly specified.

Figure 6 shows an exploded view of chip 152. The chip may be used
for emuision formation only once (i.e., a disposable chip) or may be used
more than once (i.e., a reusable chip). The chip may be composed of an
upper member 180 and a lower or sealing member 182. The upper and lower
members may be substantially irreversibly attached to each other, such as by

bonding and/or with an adhesive. In other words, the chip may have a unitary
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(one-piece) structure, meaning that the chip cannot be separated into two or
more pieces without damaging the chip, such as by cutting, breaking, tearing,
melting, dissolving, etc. Upper member 180 may form a bottom region or base
184 and a plurality of tubular projections 186 projecting upward from the base.
Each tubular projection may form lateral side walls 188 of one of wells 168-
170. Lower member 182, which may or may not be a substantially featureless
sheet of material or film, may seal a bottom surface 190 of upper member
180. For example, lower member 182 may form a bottom wall of each of wells
168-172 and each channel (see below).

Figures 7 and 8 show respective plan and sectional views of chip 152.
The chip may provide a plurality of containers 192, such as chambers, wells
168-172, or the like, for holding emulsion phases. A subset of the containers,
such as input wells 168, 170 (also termed inlet wells), may provide input
reservoirs 194, 196 to receive and hold prospective emulsion phases, and to
supply the emulsion phases to one or more droplet generators 198 of the
chip. Another subset of containers 192, such as output wells 172 (also termed
outlet wells), may provide output containers to receive and collect one or more
emulsions from droplet generators 198.

Chip 152 may provide one or a plurality of emulsion formation units 200
each including a droplet generator 198 (see Fig. 7). Units 200 may be
substantially identical to one another. The emulsion formation units may be in
fluid isolation from each other, such that there is no sharing or mixing of
emulsion phases among the units, or may share an input reservoir (such as
for a continuous phase). In any event, the units may be used to form a
corresponding plurality of separate emulsions collected in the output
containers (e.g., wells 172).

Containers 190 structured as wells 168-172 may have any suitable
arrangement. The wells may be arranged in rows and columns. In some
cases, each column (or row) may be part of a different emulsion formation unit
200. The wells may be spaced in correspondence with a standard well-to-well
spacing of a microplate, as published by the American National Standards

Institute (ANSI) on behalf of the Society for Biomolecular Screening. For
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example, the wells within each row may have a center-to-center spacing of
about 18, 9, 4.5, 2.25, or 1.125 millimeters, among others. The wells of the
same emulsion formation unit (e.g., the wells of a column) may or may not
have a spacing that corresponds to a standard microplate well spacing.

Wells 168-172 may have any suitable size and shape. For example,
each of the wells in a row may be substantially identical to each other, having
the same size, shape, and volume. Wells of different rows and/or within the
same column may have different sizes, shapes, and/or volumes. The wells
may be configured to form a seal when juxtaposed with a suitably formed
gasket. In particular, the top surface of each well may be substantially planar.
The top surfaces of wells may be coplanar to enable forming a seal with a
substantially planar gasket. In the depicted embodiment, wells 172 are
largest, wells 168 are intermediate in size, and wells 170 are smallest. Each
well may taper toward a base 202 of the chip (see Fig. 8). The wells of a row
and/or all of the wells may have the same height, to form a planar top surface
204 of the chip. The top surface may be engaged with gasket 154 (e.g., see
Fig. 5).

Figure 9 shows a somewhat schematic bottom view of a single
emulsion formation unit 200 of chip 152. Input reservoirs 194, 196 (i.e., wells
168, 170) may hold and supply prospective emulsion phases, such as an oil
phase 206 and an aqueous sample 208. Collection container 192 (i.e., well
172) may receive and collect an emulsion 209 formed by droplet generator
198 from oil phase 206 and sample 208. The reservoirs and the collection
container may be fluidically interconnected via channels 210-216 that
intersect at droplet generator 198. The channels may include one or a pair of
oil inlet channels 210, 212, a sample inlet channel 214, and an emulsion
outlet channel 216. In some embodiments, each of oil inlet channels 210, 212
may extend from a different input reservoir. In some embodiments, the
emulsion formation unit may include only one oil inlet channel. Exemplary
emulsion phases and other exemplary configurations for droplet generators,
channels, input reservoirs, and collection containers, among others, that may

be suitable for chip 152 are described in the patent documents listed above
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under Cross-References, which are incorporated herein by reference,
particularly U.S. Patent Application Publication No.2010/0173394 A1,
published July 8, 2010; U.S. Patent Application Publication
No. 2011/0217712 A1, published September 8, 2011; and PCT Patent
Application No. WO 2011/120024, published September 29, 2011.

Figures 10 and 11 show less schematic, bottom views of emulsion
formation units 200 (Fig. 10) or one of the units (Fig. 11) of chip 152 in the
absence of lower member 182 (also see Fig. 6). Channels 210-216 and
droplet generator 198 of each unit 200 may be formed predominantly in
bottom surface 190 of upper member 180, with only a bottom wall of each
channel and droplet generator formed by lower member 182. In other
embodiments, at least a portion of one or more of the channels and/or the
droplet generator of each unit 200 may be formed in the top surface of lower
member 182.

Channels 210-216 may have different cross-sectional sizes (i.e.,
diameters/widths and/or depths) and/or lengths and/or may vary in size along
each channel. The cross-sectional size(s) and the lengths may be selected to
provide a desired resistance to flow and thus a desired ratio of emulsion
phases flowing through droplet generator 198, to form droplets of the desired
size, to enhance droplet stabilization after droplet formation, to form at least
one air trap 218 in an inlet channel (e.g., sample inlet channel 214), or any
combination thereof, among others.

In exemplary embodiments, channels 210-216 form a channel network
that interconnects the wells of an emulsion formation unit. The channel
network may have a narrower/shallower region 220 for greater flow
resistance, and a wider/deeper region 222 downstream of region 220 for
droplet formation and stabilization. In other words, the cross-sectional size of
the channel network may increase toward the collection container of the unit.
Region 222 may begin upstream of droplet generator 198 for each of the inlet
channels and may extend from the droplet generator via outlet channel 216.
Each channel may taper in a direction parallel to the depth axis of the

channel. For example, each channel may taper toward the top (or the bottom)
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of the chip. In some cases, each channel may have a trapezoidal cross-
sectional shape and/or may have a depth and a width that are about the
same. In exemplary embodiments, intended only for illustration, channel
portions of region 220 may have a depth and a width of about 50-100, or 60-
80 micrometers, among others, channel portions of region 222 may have a
width and a depth of about 80-150 or 90-120 micrometers, among others, and
the droplets generated may have a volume of about 0.1-10 nanoliters, among
others. Further aspects of channel shapes and sizes that may be suitable for
the chip are described in the patent documents listed above under Cross-
References, which are incorporated herein by reference, particularly PCT
Patent Application No. WO 2011/120024, published September 29, 2011.

Iv. Exemplary Cartridge

This section describes exemplary cartridge 150 of cassette 54 for
holding the microfluidic chip and the gasket; see Figs. 12 and 13. Additional
aspects of the cartridge are described above in Section Il (e.g., see Figs. 4
and 5).

Figure 12 shows cartridge 150 in an open or receiving configuration
(compare with Fig. 4). The open cartridge forms a receiving area 230 sized to
receive chip 152 from above the cartridge. The receiving area may include a
beam or central portion 234 that supports the chip and a pair of retainers 236,
238 with an adjustable spacing. Beam 234 (and/or the retainers) may define
one or more openings 239 for mating with seat 56 of instrument 52 (see
Section V). The beam can be constructed to ensure level presentation of the
chip to the manifold for making a solid, uniform seal across all containers in
contact with manifold. An exemplary material for the beam is stainless steel.

The cartridge may be equipped with an optical element 240, which may
be reflective or otherwise detectable optically. The optical element may be on
a surface of the cartridge, such as an upwardly, downwardly, or laterally
facing surface. In exemplary embodiments, the optical element is disposed on

a floor 242 of the receiving area.



WO 2012/061444 PCT/US2011/058857

10

15

20

25

30

21

The cartridge also or alternatively may be equipped with a contact
element 244 (also see Fig. 13), which may be electrically conductive. In
exemplary embodiments, conductive element 244 is disposed on an
underside of the cartridge, such as on a bottom surface of beam 234 (and/or
one of retainers 236, 238). The conductive element may be used to detect
that the cartridge is seated in place within the receiving area.

Retainers 236, 238 may form retaining structure for chip 152 and
gasket 154. For example, each retainer may provide an undercut wall 246,
248 capable of projecting over and overlapping a region of base 202 of chip
152 (e.g., also see Figs. 7 and 8). Each wall 246, 248 may define notches 250
capable of receiving a column of wells 168-172 disposed near an end of the
chip. Also, each retainer may provide one or more projections, such as hooks
164 or pins, to receive the gasket.

Figure 13 shows an exploded view of cartridge 150. Beam 234 may
form lateral tracks 252 that allow the beam to be slidably mated with each
retainer 236, 238. Spring-loaded pins 254, 256 may restrict separation of the
beam from the retainers after they have been mated. Retainers 236, 238 may
be biased toward the open configuration of Fig. 12 by one or more biasing
elements, such as springs 258 that urge the retainers apart. The retainers
may be urged together and fastened to each other in a closed configuration
with a fastening mechanism 260 formed on one or both sides of the retainers.
For example, the fastening mechanism may include a tab 262 of one retainer
received in a slot 264 of the other retainer. The fastening mechanism on each
side may be released by pressing a respective button 266 operatively coupled
to tab 262. In some embodiments, the cartridge may be opened by squeezing
the cartridge at the buttons. The button(s) can be placed centrally or off-
center, among others.

In some embodiments, the cartridge may include hinged clamps that
fasten the chip to the support beam at the ends (or sides) of the cartridge,
with retainer walls along the top and bottom sides, that is, no buttons or
fasteners at the top and bottom. The clamps can be made with features (e.g.,

notches 250) that match the shapes of the outer surface of the wells on the



WO 2012/061444 PCT/US2011/058857

10

15

20

25

30

22

left and right sides of the chip in the cartridge for additional restriction of
motion and clamping efficiency.
V. Exemplary Seated Configuration for a Cassette in the Instrument

This section describes an exemplary seated configuration for the
cassette in the instrument, and sensors of the instrument that may detect the
seated configuration; see Figs. 14 and 15.

Figure 14 shows seat 56 of instrument 52, without cassette 54
(compare with Fig. 4). Seat 56 may include a platform 280 that provides one
or more pins 282 for mating with cartridge 150. Platform 280 also may provide
electrodes 284 of cassette sensor 114 (also see Fig. 3) to detect contact of
seat 56 with the cartridge.

Figure 15 shows a sectional view of cassette 54 and seat 56 taken with
the cassette operatively disposed in instrument 52. Housing 138 of the
instrument may include an exterior housing portion 286, a base plate 288, and
an interior housing portion 290. The interior housing portion may at least
partially define chamber 140 of the instrument (e.g., see Figs. 1 and 2) and
may form at least a portion of seat 56. Platform 280 may be secured to the
housing, such as to base plate 288, with fasteners 292.

Cartridge 150 of the cassette may be mated with platform 280. The
cartridge may define a recess 294 that receives a body of the platform, and/or
pins 282 of the platform may be received in openings 239 of the cartridge.
Contact element 244 may be engaged with electrodes 284, which allows the
instrument to detect that the cartridge is properly positioned in the instrument
by engagement with seat 56.

Cassette sensor 116 (see Fig. 3) may be positioned adjacent the
cassette, such as supported by manifold 72 above the cassette, to detect
optical element 240 of the cartridge. Sensor 116 may include a light source to
illuminate the optical element with incident light, and a photosensor to detect
light reflected by the optical element. Chip 152 may be sufficiently translucent
to permit passage of incident and reflected light. In contrast, gasket 154 may
be sufficiently opaque to block passage of the incident light, without

substantially reflecting the incident light back to the photosensor. Accordingly,
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through the use of cassette sensors 114, 116, the instrument may determine
whether the cartridge is loaded and seated in the instrument, and, if seated,
whether the gasket is present.

VI. Exemplary Structure and Operation of a Fluidics Assembly
for the Instrument

This section describes exemplary structure of fluidics assembly 58 of
instrument 52 and exemplary operation of the fluidics assembly on cassette
54 to form and concentrate emulsions; see Figs. 16 to 20.

Figure 16 shows a schematic view of fluidics assembly 58 operatively
interfaced with chip 152 via cassette interface structure 74, namely, manifold
72 with ports 76. Each port may be fluidically connected to one or more wells
172 of chip 152. Pressure may be applied to the chip with a negative pressure
portion 300 and a positive pressure portion 302 of the fluidics assembly. For
example, negative pressure may be applied first by negative pressure portion
300 to form a set of emulsions that are collected in wells 172. Then, the
emulsions may be concentrated with application of positive pressure by
positive pressure portion 302. In some cases, positive pressure may be
applied to the chip to drive emulsion formation. For example, positive
pressure may be applied to input wells 168, 170 to drive droplet generation
and emulsion collection. In some cases, both negative pressure and positive
pressure may be applied to the chip to drive emulsion formation. For example,
negative pressure may be applied to output wells 172 and positive pressure
may be applied at the same time to at least a subset of the input wells (such
as each of wells 168 or each of wells 170). In this way, a first pressure drop
may be formed between the oil input wells and the output wells and a second
pressure drop may be formed between the sample input wells and the output
wells. The magnitudes of the pressure drops may be set or adjusted to
achieve desired relative and/or absolute flow rates for the oil phase and the
sample.

Each of pressure portions 300, 302 may include a respective pump 64
or 66 and a respective pressure controller 86 or 88. (In some cases, a pump

may be used with two controllers, e.g., with another valve included between
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the pump and the controllers.) The pump may act as a source of negative or
positive pressure for the pressure portion, and the pressure controller may
adjust the level of negative or positive pressure in a reservoir or region of the
pressure portion, in order to adjust the level of pressure applied to chip 152.
However, in some embodiments, the pump may be fluidically isolated from the
chip and/or not pumping fluid when the pressure is applied to the chip. In
other words, the pump may be used as a source of pressure to establish a
positive or negative pressure in a reservoir, and then the established pressure
may be applied to the chip from the reservoir without any further participation
of the pump.

Each pressure controller may include a respective valve 82 or 84, a
respective pressure sensor 92 or 94, and a control device 304 or 306 (e.g., a
proportional (P) controller, a (PI) proportional-integral controller, a
proportional—integral—derivative (PID) controller, or the like). Each pressure
controller may form a feedback loop. The control device may receive a value
for a set point pressure and may operate the valve of the controller based on
signals received from the sensor to achieve and maintain the set point
pressure. The sensor of the pressure controller may detect pressure at a
position that is fluidically closer to the chip (or fluidically closer to the pump)
than the controller's valve.

Each pressure portion also may include a first pressure reservoir
disposed fluidically between the pump and the pressure controller. The first
reservoir may be a chamber and/or may be a conduit 312 or 314 that provides
fluid communication between a pump and its respective controller. Conduits
312, 314 or other first reservoirs may (or may not) be of substantially larger
diameter and/or volume than any combpination of conduits 316-322 disposed
fluidically closer to the chip. For example, the inner diameter of either or both
of conduits 312, 314 or any other first reservoirs may be at least about 2, 5, or
10 times the inner diameter of any of conduits 316-322, and especially
conduits 318, 320. Also, or alternatively, the volume of either or both of

conduits 312, 314 or any other first reservoirs may be at least about 10, 20,
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50, or 100 times the volume of any combination of conduits 316-322, and
especially conduits 318, 320.

The pressure portion also or alternatively may include a second
pressure reservoir disposed fluidically between the pressure controller and the
chip. The second reservoir may be a chamber and/or may be a conduit 316 or
322 that provides fluid communication between a pressure controller and a
valve 78 and/or 80 disposed fluidically between the pressure controller and
the chip. If both first and second reservoirs are present in a pressure portion,
the first reservoir may (or may not) have a substantially larger volume than the
second reservoir, such as at least about 2, 5, 10, 20, or 50 times the volume
of the second reservoir. In turn, conduits 316, 322 or other second reservoirs
may (or may not) be of substantially larger diameter and/or volume than any
combination of conduits 318, 320 disposed fluidically closer to the chip. For
example, the inner diameter of either or both of conduits 316, 322 or any other
second reservoirs may be at least about 2, 5, or 10 times greater than the
inner diameter of conduits disposed fluidically closer to the chip, and
especially conduits 318, 320. Also, or alternatively, the volume of either or
both of conduits 316, 322 or any other second reservoirs may have at least
about 10, 20, 50, or 100 times greater than the volume the fluidics assembly
disposed fluidically between either conduit and the chip, such as the volume
enclosed by conduits 318, 320.

The use of isolatable pressure reservoirs allows a reservoir to be
charged with positive or negative pressure from a pump and/or a larger
reservoir. The pressure may be stored (e.g., briefly) in the reservoir, in
isolation from the pump, the chip, and/or an adjacent reservoir. The stored
pressure then may be shared with another reservoir and/or the chip, without
substantial diminishment of the magnitude of the stored pressure, if the
volume in which the pressure is stored is not increased substantially when the
stored pressure is placed in fluid communication with another volume of the

pressure portion.
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Fluidics assembly 58 may be operated as follows in response to a
signal to form emulsions. Vacuum pump 64 may be turned on. Conduit 312
(i.e., a first reservoir) may be charged to a negative pressure, such as about -
7 psi (~-48 kPa (kilopascals)). Pump 64 may (or may not) be turned off. A
check valve in or adjacent the pump may prevent loss of negative pressure
from the first reservoir through the pump. Negative pressure controller 86 may
establish a negative pressure in conduit 316 (i.e., a second reservoir)
according to a set point, such as a negative pressure of less than about -10
psi (~-69 kPa) (e.g., about -0.5 to -4.5 psi (~-3.4 to -31.5 kPa). One or both of
valves 78, 80 may be adjusted to provide fluid communication among
conduits 316-320 and manifold 72, such that the negative pressure is applied
to wells 172. The negative pressure may be applied with the pump
inactivated, that is, with the pump turned off (not pumping fluid) and/or not
fluidically connected to the chip. The pressure controller may continue to
control the pressure applied to the chip after fluid communication is created
with the chip, or the pressure controller also may be shut off and/or fluidically
isolated. Endpoint sensor 90 may monitor the pressure applied to the chip by
detecting a corresponding pressure in the fluidics assembly, such as in
manifold 74 and/or near ports 76, to allow the instrument to determine when
to terminate application of negative pressure. The pressure detected by
sensor 90 may be equivalent to the applied pressure or may differ from the
applied pressure by a pressure differential caused by resistance to fluid flow
between the chip and pressure sensor. To stop application of negative
pressure, valve 78 may be adjusted to fluidically isolate conduits 318, 320 and
ports 76 from conduit 316, while fluidically connecting the conduits and ports
to a vent 324.

The detected pressure (e.g., at the manifold) can be used to maintain a
predefined pressure range of applied pressure (e.g., +/-0.05, +/-0.075, +/- 0.1,
+/-0.25, +/- 0.5 psi, etc.). Control of this pressure at the point of emulsion
generation may influence the degree of monodispersity of the formed
emulsion. Tighter control of pressure may give higher monodispersity (more

uniform emulsion droplet size).
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Positive pressure pump 66 then may be turned on, and conduit 314
(i.e., a first reservoir) may be charged to a positive pressure, such as about 5-
8 psi (~34 to 55 kPa). Pump 66 may (or may not) be turned off. A check valve
in or adjacent the pump may prevent loss of positive pressure from the first
reservoir through the pump. Positive pressure controlier 88 may establish a
posilive pressure downstream in conduit 322 (i.e., a second reservoir)
according to a set point, such as a positive pressure of less than about 10 psi
(~69 kPa) (e.g., about 0.5 to 10 psi (~3.4 to 69 kPa)). Valve 80 (and/or valve
78) may be adjusted to provide fluid communication among conduits 320, 322
and manifold 72, such that the positive pressure is applied to wells 172. The
positive pressure may be applied with the pump inactivated, that is, with the
pump off and/or not fluidically connected to the chip. The pressure controller
may continue to control the pressure applied to the chip after fluid
communication is created with the chip or the pressure controller also may be
shut off. To stop application of positive pressure, valve 80 may be adjusted to
fluidically isolate conduit 320 and ports 76 from conduit 322, while fluidically
connecting conduit 320 and the ports to vent 324.

The conduits flanking the pressure controllers (e.g., conduits 312, 314,
316 and/or 322) may function as reservoirs, as described above. Each
reservoir may have a volume that is substantially greater than the volume of
conduits 318 and/or 320 and the channels of the manifold, such that the
reservoir can apply pressure to the chip after inactivation of the pump, that is,
when the pump is isolated from downstream conduits and/or turned off. By
applying pressure to the chip with a stored negative and/or positive pressure
(e.g., stored as a gas volume with a positive or negative pressure in conduits
312 and/or 316 and 314 and/or 322), instead of by active pumping, a more
uniform and reproducible pressure can be applied, which may produce better
emulsion formation.

Figure 17 shows a flowchart illustrating exemplary formation and
concentration of an emulsion with emulsion formation system 50. The
procedures illustrated in the flowchart may be performed in any suitable order

and combination.
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Microfluidic chip 152 may be selected, indicated by 340. The chip may
be assembled with cartridge 150, and optionally locked to the cartridge.

Prospective emulsion phases 206, 208 may be dispensed respectively
to wells 168 and wells 170 of the chip, indicated by an arrow at 342, to
produce a phase-loaded configuration 344 of the chip. The same prospective
emulsion phase 206 (e.g., a prospective continuous phase, such as an oil
phase including surfactant(s)) may be dispensed to each of wells 168 of the
chip and the same or different prospective phases 208 (e.g., prospective
dispersed phases, such as different aqueous samples) may be dispensed to
each of wells 170 of the chip. In some embodiments, the aqueous samples
may contain salts, surfactant(s), and biological components, such as
enzymes, proteins, dNTPs, and/or other polymerase chain reaction
constituents, among others. Dispensing phases into each of wells 168 and/or
into each of wells 170 may be performed in parallel (such as with a multi-
channel pipette) or in series. In some cases, at least about twice the volume
of oil phase 206 relative to sample phase 208 may be disposed in the wells. In
exemplary embodiments, intended for illustration only, about 10-200
microliters of oil phase 206 may be disposed in each of wells 168 and about
5-100 microliters of sample phase 208 in each of wells 170. In any event,
wells 172 may (or may not) be empty at this point. Further aspects of
prospective emulsion phases that may be suitable for forming emulsions are
described in the patent documents listed above under Cross-References,
which are incorporated herein by reference, particularly, U.S. Patent
Application Publication No. 2011/0217712 A1, published September 8, 2011

Negative pressure (“-P”) may be applied to the chip at wells 172,
indicated by an arrow at 346. Gasket 154 may be disposed on the chip,
manifold 72 engaged with the gasket, and negative pressure applied to chip
152 at wells 172 via negative pressure portion 300 of the fluidics assembly of
the instrument. An emulsion 348 of droplets 350, composed of phase 208 and
disposed in continuous phase 206, may be created at each droplet generator
and collected in each well 172, to produce a phase-processing configuration

352, during which all of wells 168, 170 still contain sufficient fluid for further
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emulsion formation. Droplets 350 may be buoyant (or may sink) in the
continuous phase and thus may float upward (or sink downward) and
accumulate in an upper (or lower) region of the emulsion. In other examples,
positive pressure applied to wells 168, 170 may drive emulsion formation.

Endpoint sensor 90 may monitor a pressure of negative pressure
portion 300 as emulsion formation is occurring, such as in configuration 352.
Use of an endpoint sensor enables a majority (greater than one-half) of each
sample to be converted to an emulsion. Sensor 90 generally monitors a
pressure in or near the manifold, to detect a change in the pressure indicating
depletion of liquid (phase 206 and/or 208) from one or more of wells 168, 170
(i.e., one of the input wells is empty). The change may meet a predefined
condition corresponding to a pressure change indicative of air intake from a
well (168 or 170), into one or more channels, through a droplet generator, into
and/or through an output well (172), into the manifold, or any combination
thereof. For example, the change may be a drop in the level of vacuum that
occurs for at least a predefined amount of time, to at least a predefined level,
at at least a predefined rate or acceleration, any combination thereof, or the
like. In some cases, the pressure sensor can detect the pressure change
indicative of air intake if only one of the inlet wells 168, 170 is empty.
Generally, the wells are loaded such that the sample wells empty first, so,
everything else being equal, a sample well loaded with the smallest volume of
sample may determine when the endpoint of droplet generation occurs.

In some embodiments, an alternative or additional endpoint sensor 117
may be included in the instrument or cassette (see Fig. 3). The endpoint
sensor may detect and/or monitor an aspect of fluid (liquid and/or gas) in the
chip and/or of fluid in contact with fluid in the chip. In some cases, the
endpoint sensor may detect an aspect of fluid disposed in one or more
containers/wells of the chip, such as sample containers/wells of the chip. For
example, the endpoint sensor may detect the aspect for at least one or each
of the sample containers/wells, at least one or each of the oil containers/wells,
at least one or each of the emulsion containers/wells, or any combination

thereof.
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The endpoint sensor may detect heat capacity of the fluid disposed in
one or more containers/wells of the chip. The heat capacity may have a
higher value when liquid is present in the containers/well and then may
change substantially when the liquid is replaced with air, that is, when a
container/well is emptied of its liquid. In some cases, the endpoint sensor may
include a plurality of hot wire sensors configured to sense heat capacity of
fluid in each of the sample wells, each of the oil wells, and/or each of the
output wells of the chip.

The endpoint sensor may be an optical sensor that detects an optical
characteristic that changes as the endpoint is reached. For example, the
optical sensor may detect refractive index, fluorescence (e.g., if a fluorophore
is present in and/or is added to at least one of the prospective emulsion
phases), absorbance, scattering, reflectance, or the like, of fluid (liquid and/or
gas) in one or more input (and/or output) containers/wells of the chip. As the
fluid changes in the container/well (e.g., liquid exits and gas enters, or vice
versa), the optical characteristic changes, until a change that meets a
predefined condition has occurred (e.g., the refractive index changes when air
replaces liquid in an input container/well, the fluorescence intensity decreases
to a predefined level when a fluorophore in a prospective emulsion phase is
emptied from an input well (or accumulates in an output well), or the like). In
some cases, the endpoint sensor may include an optical detector configured
to monitor an optical characteristic for each sample well, each oil well, and/or
each output well of the chip, to detect a change in one or more of the wells
that meets a predefined condition.

In any event, detection of the change causes the instrument to
terminate application of negative pressure to wells 172, indicated by an arrow
at 354 and illustrated in configuration 356. An empty well 170 is indicated at
358, and air bubbles 360 traveling upward through emulsion 348 are
illustrated.

Application of pressure may be stopped at any suitable endpoint. In
some cases, the application of pressure may be stopped when greater than

50%, or at least about 60%, 70%, 80%, or 90%, on average, of each sample
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has been converted to droplets. In some cases, the application of pressure
may be stopped after air has followed liquid into at least one channel, channel
network, and/or droplet generator of the chip, but before the air has followed
liquid into all of the output containers (e.g., each of wells 172) of the chip.

In some cases, the instrument may stop applying pressure to the chip
during emulsion formation if the detected pressure is not within a predefined
range of the set point pressure. This may provide an important control
process that is useful when monodisperse droplets are needed.

After stopping emulsion formation, collected emulsion 348 may be left
in a resting or packing configuration 362 at atmospheric pressure, indicated
by an arrow at 364. During this waiting period, droplets 350 may be permitted
to pack themselves together more closely at the top of the emulsion, to
produce a close-packed arrangement 366 of droplets. The droplets may be
permitted to float upward and pack together more tightly for any suitable time
period, such as at least about 1, 5, 10, 30, or 60 seconds, among others. A
lower, substantially droplet-free portion 368 of the continuous phase may be
produced in the bottom region of the emulsion. In some cases, the droplets
may pack together at the bottom of the container, if the droplets are more
dense than the continuous phase.

Positive pressure may be applied to wells 172 (or negative pressure to
wells 168, 170), indicated by an arrow at 370 and illustrated in configuration
372. The positive pressure may drive continuous phase 206 selectively,
relative to the phase 208 and/or droplets 350, from emulsion 348, in reverse
along the flow path between each output well 172 and input wells 168, 170.
As a result, removed volumes 374, 376 of phase 206 may be collected in
wells 168 and/or 170, and emulsion 348 may become more concentrated (i.e.,
the volume fraction of droplets in wells 172 may be increased and the volume
fraction of the continuous phase may be decreased.) The positive pressure
may be applied for a preset length of time. Alternatively, the positive pressure
may be applied for a length of time that is determined with an algorithm,
based on the length of time that negative pressure was applied to wells 172.

For example, the positive pressure may be applied for a length of time that is
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proportional to the duration of emulsion formation. The pressure that
concentrates the emulsion may be constant (i.e., a single pressure) or ramped
(i.e., a gradient pressure) in one or more timed steps.

Figure 18 shows a plan view of selected aspects of system 50, with
cassette 54 seated in instrument 52, and manifold 72 operatively engaged
with the casselte. Exterior housing portion 286 is shown in phantom oulline.
All components are attached to and/or supported by base plate 288.

An exemplary embodiment of fluidics assembly 58 of Fig. 16 is shown
in more detail here. The left side of the instrument may provide negative
pressure portion 300, and the right side may provide positive pressure portion
302, or vice versa, among others. Pumps 64, 66, may be mounted near the
rear of the instrument and each may be connected fluidically to conduit 312 or
314 and to a respective vent 390, 392. The pumps may be mounted with
vibration isolation (e.g., via elastomeric grommets). Valves 78, 80 may be
mounted to carriage 104 of drive assembly 60, such that the valves can be
moved forward and backward in the instrument in response to operation of
motor 100. Conduits 316-322 may be connected to valves 78, 80 and
pressure controllers 86, 88 in the manner described for Fig. 16.

Drive assembly 60 may use motors 100, 102 respectively to drive
forward-and-backward and up-and-down motion of manifold 72. Motor 100
may drive the manifold parallel to a horizontal travel axis 394 defined by a
track or guide 396 (e.g., a linear guide). Carriage 104 may be slidably
connected to guide 396, for motion along axis 394, and may support valves
78, 80, manifold 72, motor 102, lead screw linkage 109, vertical rails 400, 402,
the door of the instrument, endpoint pressure sensor 90, selected electronics,
or any combination thereof, among others. Motor 100 may drive carriage 104
via rack-and-pinion linkage 108. Motor 102 may drive manifold 72 vertically
along rails 400, 402 via lead screw linkage 109.

Sensors can be used to control horizontal and/or vertical position of the
manifold. Sensors, such as optical flags, can be placed to control the position
of the horizontal motion. Sensors also can be used to control the z-position or

vertical manifold position. The use of these sensors may facilitate aligning the
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manifold to the chip and/or wells. Failure to do so can result in failure in
operation, for example, due to a pressure leak caused by poor alignment
between the orifices in the gasket and the ports in the manifold. The vertical
sensor can be placed, for example, near one of rails 400, 402.

Figure 19 shows further aspects of the vertical drive portion of drive
assembly 60. Motor 102 may be operatively connected to a lead screw 404 of
linkage 109. Operation of the motor may advance or retract lead screw 404,
which respectively lowers or raises manifold 72. Pivot joints 406, 408 of
linkage 109 couple net horizontal motion of the screw 404 to vertical motion of
the manifold. Rails 400, 402 may be structured as posts received in
corresponding bores 410, 412 defined by manifold 72. The manifold may slide
along the posts (i.e., vertically) but may be restricted from moving laterally to
the posts.

Manifold 72 may form fluidic connections near the top of the manifold.
For example, the manifold may be connected fluidically to other parts of
fluidics assembly 58 and endpoint sensor 90 by respective couplings 414,
416.

Figure 20 shows a sectional view of manifold 72, chip 152, and gasket
154 taken through manifold channels 430-436 and ports 76, a row of gasket
orifices 176, and wells 172. Main channel 430 of the manifold may have a
plurality of branch points forming side channels 432 that extend from the main
channel to form ports 76. Each port may extend into the manifold from a lower
or bottom surface 438 of the manifold that contacts gasket 154, to form a
perimeter seal around each port 76 and orifice 176. The gasket, in tum, seals
the perimeter of each well 172. As a result, main channel 430 may be
fluidically connected to each well 172.

The manifold may provide any suitable side channels that form ports
76. The manifold may provide the same number of side channels (and ports)
as wells 172, for example, eight in the depicted illustration. The side channels
may be substantially identical to each other, to provide the same pressure
drop through each side channel. In other examples, the manifold may provide

the same number of side channels (or ports) as wells 168, 170, with the side
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channels communicating with the same main channel or respective, fluidically
separate main channels. In any event, each side channel may have any
suitable diameter. In some examples, the side channel may have a diameter
that is substantially less than the diameter of the main channel and/or orifices
176. For example, the side channel may have a diameter that is at least about
2, 3, 4, or 5 times less than that of the main channel and/or the orifices. Each
side channel, with a relatively small diameter and sufficient length, may be
configured to create a substantial pressure drop between main channel 430
and well 172 when negative or positive pressure is applied to wells 172 via
the manifold.

The main channel also may communicate with a sensor port 440 and a
pressure port 442 via channels 434, 436. The sensor port may be engaged
with coupling 414 (see Fig. 19) to enable fluid communication between the
main channel and pressure sensor 90. The pressure port may be engaged
with coupling 416 (see Fig. 19), to enable application of negative and/or
positive pressure to chip 152 via ports 76. The main channel may be sealed at
its opposing ends by plugs 444.

In some embodiments, the manifold may permit emulsion formation to
be started and stopped independently for each emulsion. The manifold may
have a valve at each port so that each port corresponding to a different
droplet generator can be individually controlled. In other words, each droplet
generator can have pressure applied individually instead of or in addition to all
ports/droplet generators at once. Each port/droplet generator may have its
own sensor to detect a change (pressure, optical, etc.) indicating an endpoint
of droplet generation. Thus, each droplet generator may be actuated
independently and sensed independently.

VIl. Exemplary Structure and Operation of a Drive Assembly
for the Instrument

This section describes exemplary structure and operation of drive
assembly 60 of instrument 52; see Figs. 21 and 22.
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Figure 21 shows manifold 72 and door 126 (in phantom outline) in a
retracted configuration (e.g., see Fig. 2) in which instrument 52 is open for
loading and unloading cassette 54. The manifold may be elevated with
respect to its prospective engaged position with gasket 154.

Figure 22 shows manifold 72 and door 126 in an extended
configuration in which instrument 52 is closed (cassette 54 is not accessible to
the user) and manifold 72 is in a lowered position, in engagement with gasket
154.

Operation of drive assembly 60 may drive movement of manifold 72
and door 126 between the configurations shown in Figs. 21 and 22. Both
manifold 72 and door 126 may be supported by carriage 104. Accordingly,
travel of carriage 104 horizontally on a linear path along track 396, may move
both the manifold and the door forward and backward in the instrument.
Movement of carriage 104 may be driven by motor 100 (e.g., see Fig. 18).
Carriage 104 and motor 100 may be linked by rack-and-pinion linkage 108,
which may be formed by a rack 460 that engages a gear (a pinion) 462. Rack
460 may be mounted to carriage 104, and gear 462 may be turned by
operation of motor 100. After the manifold has been driven to a position above
gasket 154, motor 102 may be operated to turn lead screw 404 of linkage
109, to lower manifold 72 into engagement with gasket 154.

VIIl. Selected Embodiments

This section describes selected embodiments of the present disclosure
as a series of indexed paragraphs. These embodiments should not limit the
entire scope of the present disclosure.

A. A method of emulsion formation, comprising: (i) applying
pressure to a microfluidic chip holding prospective emulsion phases, to drive
droplet formation and collection of emulsions in the chip; (ii) monitoring the
pressure for a change that meets a predefined condition; and (iii) stopping
application of the pressure when the change is detected.

B. The method of paragraph A, wherein the chip includes output
containers that collect the emulsions and input containers that hold the

prospective emulsion phases, and wherein the pressure includes positive
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pressure applied to at least a subset of the input containers, negative
pressure applied to the output containers, or both positive pressure applied to
at least a subset of the input containers and negative pressure applied to the
output containers.

C. The method of paragraph A or B, wherein the chip provides
input wells for holding the prospective emulsion phases and output wells for
collecting the emulsions.

D. The method of any of paragraphs A to C, wherein the pressure
is applied with a gas phase that contacts liquid contained completely by the
chip.

E. The method of any of paragraphs A to D, wherein the gas phase
is composed of air.

F. The method of any of paragraphs A to E, wherein the pressure
is a first pressure applied with an instrument having a pressure sensor, and
wherein the pressure sensor monitors the first pressure by detecting a second
pressure corresponding to the first pressure.

G. The method of claim F, wherein the instrument includes a
fluidics assembly with a manifold providing a plurality of ports through which
the first pressure is applied to the chip, wherein the second pressure is
detected in a region of the fluidics assembly that is fluidically connected to the
ports, and wherein the ports provide a resistance to fluid flow that reduces a
magnitude of the first pressure relative to the second pressure.

H. The method of paragraph G, wherein the manifold includes a
main channel and a plurality of side channels that branch from the main
channel, wherein the side channels form the ports, and wherein the second
pressure corresponds more closely to pressure in the main channel than the
side channels.

l. The method of any of paragraphs A to H, wherein air following
liquid into one or more channels of the chip leads to the change in the

pressure.
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J. The method of paragraph |, wherein the prospective emulsion
phases are held by a plurality of input wells of the chip, and wherein the
change in the pressure occurs if only one of the input wells is empty.

K. The method of any of paragraphs A to J, wherein the
prospective emulsion phases are held by input containers, wherein application
of the pressure drives the phases through channels of the chip for droplet
formation and collection as emulsions in output containers of the chip, and
wherein application of the pressure is stopped after air has followed liquid into
one or more of the channels from one or more of the input containers and
before the air has reached all of the emulsions collected in the output
containers.

L. The method of any of paragraphs A to K, wherein the
prospective emulsion phases include a plurality of samples, and wherein
application of the pressure is stopped when at least about 80% by volume of
each of the samples has been converted to droplets.

M. The method of any of paragraphs A to L, wherein the pressure is
applied with a fluidics assembly engaged with a gasket defining a plurality of
orifices, and wherein the orifices provide fluid communication between the
chip and the fluidics assembly.

N. The method of paragraph M, further comprising a step of
connecting the gasket to the chip before application of the pressure.

0. The method of paragraph M, wherein the chip includes a
plurality of input wells and a plurality of output wells, and wherein the gasket is
connected to the chip such that each of the input wells and/or each of the
output wells is at least partially covered by the gasket.

P. The method of paragraph O, wherein each of the input wells and
each of the output wells is only partially covered by the gasket.

Q. The method of any of paragraphs A to P, wherein the pressure
is applied by an instrument, further comprising a step of attaching the chip to
a cartridge and a step of disposing the chip attached the cariridge in a

receiving area of the instrument before the pressure is applied.
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R. The method of paragraph Q, further comprising a step of
attaching a gasket to the cartridge such that orifices of the gasket overlap
wells of the chip.

S. The method of any of paragraphs A to R, wherein the pressure
originates from a pump, and wherein the pressure is applied while the pump is
fluidically isolated from the chip, not pumping fluid, or both fluidically isolated
from the chip and not pumping fluid.

T. The method of any of paragraphs A to S, further comprising a
step of establishing negative or positive gas pressure in a reservoir, wherein
the step of applying pressure includes (1) a step of creating fluid
communication between the reservoir and the chip and (2) a step of
maintaining the fluid communication while the established pressure drives
droplet formation and collection of emulsions in the chip without modification
of the established pressure by a pump.

uU. The method of paragraph T, wherein the reservoir is a conduit.

V. The method of paragraph U, wherein the conduit fluidically
connects a pressure controller to a valve.

W.  The method of any of paragraphs A to V, further comprising: (1)
disposing the chip in a receiving area of an instrument; (2) dispensing the
prospective emulsions phases into wells of the chip; and (3) inputting an
actuation signal to the instrument, wherein the actuation signal causes the
instrument to apply the pressure to the chip to drive formation and collection
of emulsions in parallel in the chip, and to stop application of the pressure
when an endpoint of emulsion formation has been reached.

X. The method of any of paragraphs A to W, wherein the emulsions
are collected in output containers of the chip, further comprising a step of
concentrating the emulsions by selectively driving a continuous phase of an
emulsion from each of the output containers.

Y. The method of paragraph X, wherein the pressure is a negative
pressure, and wherein the step of concentrating is performed by application of

positive pressure to the chip.
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Z. The method of paragraph X, wherein the step of applying
pressure is performed for a first length of time, and wherein the step of
concentrating is performed by applying pressure for a second length of time
that is based on the first length of time.

A1.  The method of paragraph Z, wherein the second length of time
is proportional to the first length of time.

B1. The method of any of paragraphs A to Z and A1, wherein the
chip is a first microfluidic chip, further comprising: (i) disposing the first
microfluidic chip and a first gasket defining a plurality of orifices in a receiving
area of an instrument, with the first gasket connected to the first chip; (ii)
removing the first chip and the first gasket from the receiving area after the
step of stopping apptication of the first pressure; and (iii) repeating the steps
of disposing, applying, stopping, and removing with a second microfluidic chip
and a second gasket.

C1. The method of paragraph B1, wherein the first chip and the first
gasket are disposable and are thrown away after removal from the receiving
area of the instrument.

D1. A method of emulsion formation, comprising: (i) applying
pressure to a microfluidic chip holding prospective emulsion phases in input
containers, to drive the phases through channels of the chip for droplet
formation and collection as emulsions in output containers of the chip; and (ii)
stopping application of the pressure after air has followed liquid into one or
more of the channels from one or more of the input containers and before the
air has reached all of the emulsions collected in the output containers.

E1. The method of paragraph D1, wherein the pressure is at least
one first pressure applied with an instrument including a fluidics assembly
having a pressure sensor, wherein the pressure sensor detects a second
pressure in the fluidics assembly, and wherein the instrument stops
application of the first pressure when the second pressure exhibits a change
that meets a predefined condition.
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F1. A system for emulsion formation, comprising: (i) a microfluidic
chip configured to hold prospective emulsion phases; and (ii) an instrument
including a fluidics assembly having a pressure sensor, the instrument being
configured to apply pressure to the chip with the fluidics assembly to drive
droplet generation and collection of emulsions in the chip, to monitor the
pressure with a pressure sensor for a change indicating an endpoint of droplet
generation has been reached, and to stop application of the pressure when
the change is detected by the pressure sensor.

G1. The system of paragraph F1, further comprising a gasket
defining a plurality of orifices configured to provide fluid communication
between the chip and the fluidics assembly such that the pressure can be
applied by the fluidics assembly.

H1. The system of paragraph G1, wherein the chip has a plurality of
wells, and wherein the gasket is configured to be engaged with the chip such
that a different orifice of the gasket overlaps each well.

1. The system of any of paragraphs F1 to H1, wherein the chip
includes input wells interconnected with output wells by channels, wherein the
instrument is configured to stop application of the pressure after air has
followed liquid into one or more of channels from one or more of the input
wells and before the air has reached all of the emulsions collected in the
output wells.

J1.  The system of any of paragraphs F1 to I1, wherein the
instrument is configured to receive an actuation signal from a user after the
chip holding the emulsion phases is received by the instrument, and wherein
the actuation signal causes the instrument, without any further user input or
participation, to apply the pressure, to monitor the pressure, and to stop
application of the pressure.

K1. The system of any of paragraphs F1 to J1, wherein the fluidics
assembly includes a pump that functions as a source of the pressure, and
wherein the pressure is applied by the instrument while the pump is fluidically
isolated from the chip, not pumping fluid, or both fluidically isolated from the

chip and not pumping fluid.
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L1. A method of emulsion formation, comprising: (i) applying
pressure to a microfluidic chip holding samples and at least one continuous
phase, to drive formation of droplets and collection of emulsions in the chip;
and (ii) stopping application of the pressure when at least 80% by volume of
each of the samples has been converted to droplets.

M1. A method of emulsion formation, comprising: (i) dispensing
prospective emulsions phases into wells of a microfluidic chip; (ii) disposing
the chip in a receiving area of an instrument; and (iii) inputting an actuation
signal to the instrument, wherein the actuation signal causes the instrument to
apply pressure to the chip to drive formation and collection of emulsions in
parallel in the chip, and to stop application of pressure when an endpoint of
emulsion formation has been reached.

N1. The method of paragraph M1, further comprising a step of
connecting the chip to a gasket before the step of disposing.

01. The method of paragraph M1 or N1, wherein the chip includes a
plurality of wells, and wherein the gasket is connected to the chip such that
wells of the chip are at least partially covered by the gasket.

P1. The method of paragraph N1, further comprising a step of
connecting the chip to a cartridge before the step of disposing, wherein the
cartridge acts a holder for the chip.

Q1. The method of paragraph P1, wherein the cartridge engages the
gasket to attach the gasket to the cartridge.

R1. A method of emulsion formation, comprising: (i) applying
pressure to a microfluidic chip holding prospective emulsion phases, to drive
droplet formation and collection of emulsions in the chip; (ii) monitoring with at
least one sensor an aspect of liquid held by the chip and/or of a fluid volume
in contact with the liquid for a change that indicates an endpoint for droplet
generation has been reached; and (iii) stopping application of the pressure
when the change is detected.

S1. The method of paragraph R1, wherein the prospective emulsion
phases includes samples and volumes of one or more continuous phases,

wherein the step of stopping is based on one or more signals from a sensor
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that monitors an aspect of one or more of the samples, one or more of the
volumes, fluid in contact with liquid held by the chip, or a combination thereof.

T1. The method of paragraph R1 or S1, wherein the chip is included
in a cassette having a gasket disposed over the chip, wherein pressure
application is performed with an instrument, further comprising a step of
removing the cassette as a unit from the instrument after application of
pressure is stopped.

U1. A method of forming an emulsion, comprising: (i) driving a first
phase and an immiscible second phase through a droplet generator and
forward along a flow path connecting the droplet generator to a container,
such that an emulsion of first phase droplets disposed in the second phase is
collected in the container; and (ii) decreasing a volume fraction of the second
phase in the collected emulsion by selectively driving the second phase from
the container in reverse along the flow path.

V1. The method of paragraph U1, wherein the droplet generator is
formed by an intersection of at least one inlet channel for each respective
phase and an outlet channel to carry the emulsion, and wherein the outlet
channel extends from the droplet generator to a bottom region of the
container.

W1. The method of paragraph U1 or V1, wherein the first phase is an
agueous phase including nucleic acid, wherein the second phase is an oil
phase, and wherein the emulsion has an average of about two genome-
equivalents or less of the nucleic acid per droplet.

X1.  The method of any of paragraphs U1 to W1, wherein the step of
driving includes a step of applying a negative gas pressure to the container to
draw the first and second phases to the container.

Y1. The method of any of paragraphs U1 to X1, wherein the step of
decreasing a volume fraction of the second phase includes a step of applying
a positive gas pressure to the container to push the second phase from the

container.
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Z1. The method of any of paragraphs U1 to Y1, wherein the droplets
of the first phase are buoyant in the second phase, further comprising a step
of permitting a substantially droplet-free volume of the second phase to form
in the collected emulsion under the droplets after the step of driving and
before the step of decreasing the volume fraction.

A2. The method of any of paragraphs U1 to Z1, wherein the step of
driving is performed for a first length of time, and wherein the step of
decreasing a volume fraction is performed for a second length of time that is
based on the first length of time.

B2. The method of paragraph A2, wherein the second length of time
is proportional to the first length of time.

C2. The method of any of paragraphs U1 to Z1, A2, and B2, further
comprising a step of loading the first phase into a first reservoir and the
second phase into a second reservoir, wherein the step of driving urges the
first phase and the second phase to the droplet generator from the first
reservoir and the second reservoir, respectively, and wherein the step of
decreasing the volume fraction includes a step of driving at least a portion of
the second phase into the first reservoir, the second reservoir, or both the first
reservoir and the second reservoir.

D2. The method of paragraph C2, wherein the container and each
reservoir is a well.

E2. The method of any of paragraphs U1 to Z1 and A2 to D2,
wherein the step of driving is performed in parallel with a microfluidic chip
including a plurality of droplet generators and a plurality of containers that
collect emulsions created by respective droplet generators, and wherein the
step of decreasing a volume fraction is performed in parallel on each of the
collected emulsions.

F2. The method of paragraph E2, wherein the step of driving and
the step of decreasing a volume fraction are each performed with pressure

transmitted to the chip by a same manifold.
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G2. A system for emulsion formation, comprising: (i) an instrument
including a fluidics assembly having a pressure source; and (ii) a microfluidic
chip including a droplet generator, a container, and respective reservoirs
configured to hold a first phase and an immiscible second phase, wherein the
instrument is configured to receive the chip and to apply pressure from the
fluidics assembly to the chip to drive the first and second phases through the
droplet generator and to the container such that an emulsion of first phase
droplets disposed in the second phase is formed by the droplet generator and
collected in the container, and also is configured to decrease a volume
fraction of the second phase in the collected emulsion by selectively driving
the second phase from the container and into at least one of the reservoirs.

H2. The system of paragraph G2, wherein the pressure source
includes a vacuum pump, and wherein the pressure applied to the chip is a
negative pressure applied to the container such that the first phase and a
second phase are drawn from the reservoirs to the container.

12. The system of paragraph G2 or H2, wherein the pressure
source includes a first pump and a second pump, wherein the first pump
generates negative pressure and the second pump generates positive
pressure, and wherein the negative pressure and the positive pressure are
applied serially to the chip, with the positive pressure being applied before or
after the negative pressure.

J2.  The system of paragraph |2, wherein negative pressure
generated by the first pump causes the emulsion to be formed and collected,
and wherein positive pressure generated by the second pump causes the
volume fraction of the second phase to be decreased.

K2. The system of any of paragraphs G2 to J2, wherein a first
pressure is applied to the chip for a first length of time to form and collect the
emulsion, wherein a second pressure is applied to the chip for a second
length of time to decrease a volume fraction of the second phase in the
collected emulsion, and wherein the instrument is configured to determine the

second length of time based on the first length of time.
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L2.  The system of any of paragraphs G2 to K2, further comprising a
gasket disposed over the chip, wherein the chip includes a plurality of droplet
generators and containers to receive emulsions from respective droplet
generators, and wherein the fluidics assembly includes a manifold that
operatively engages the gasket to create fluid communication between the
fluidics assembly and the chip.

M2. The system of paragraph L2, wherein the manifold has a
plurality of ports, and wherein each port provides fluid communication with a
different one of the containers when the manifold is engaged with the gasket.

N2. A method of emulsion formation, comprising: (i) establishing
negative or positive gas pressure in a reservoir; (i) creating fluid
communication between the reservoir and a microfluidic chip holding
prospective emulsion phases; and (ii) maintaining the fluid communication
while the established pressure drives droplet formation and collection of
emulsions in the chip without modification of the established pressure by a
pump.

02. The method of paragraph N2, wherein the reservoir is a conduit.

P2.  The method of paragraph O2, wherein the conduit connects a
pressure controller to a valve.

Q2. The method of any of paragraphs N2 to P2, wherein the
reservoir includes a first reservoir fluidically disposed between a pressure
controller and a manifold and a second reservoir fluidically disposed between
a pump and the pressure controller, and wherein the step of maintaining
includes a step of adjusting fluid communication between the first and second
reservoirs with the pressure controller.

R2. A method of emulsion formation, comprising: (i) disposing a first
microfluidic chip and a first gasket defining a plurality of orifices in a receiving
area of an instrument, with the first gasket connected to the first chip; (ii)
applying pressure with an instrument to the first microfluidic chip via the
orifices to drive droplet formation and collection of emulsions in the first chip;

(i) removing the first chip and the first gasket from the receiving area; and (iv)
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repeating the steps of disposing, applying, and removing with a second
microfluidic chip and a second gasket.

S2.  The method of paragraph R2, wherein the first chip and the first
gasket are connected to each other before they are disposed in the receiving
area.

T2. The method of paragraph R2 or 82, further comprising a step of
discarding the first chip and the first gasket after the step of removing, or a
step of discarding the first chip and reusing the first gasket as the second
gasket.

U2. The method of any of paragraphs R2 to T2, wherein the first
chip has a plurality of wells, and wherein the first gasket connected to the first
chip only partially covers each of the wells.

V2. The method of paragraph U2, wherein each well of the first chip
is overlapped by an orifice of the first gasket.

W2. The method of any of paragraphs R2 to V2, wherein the first
chip has a plurality of input wells and a plurality of output wells, and wherein
each input well and/or each output well is larger in diameter than an orifice of
the first gasket that overlaps such well.

X2. The method of paragraph W2, wherein each input well and/or
each output well has a rim, and wherein the first gasket is configured to form a
seal circumferentially with the rim of each input well and/or each output well.

Y2. The method of any of paragraphs R2 to X2, further comprising a
step of attaching the first chip to a cartridge that holds the first chip and
connects the first gasket to the first chip.

Z2. A device for forming emulsions, comprising: (i) a microfluidic
chip including a plurality of droplet generators, a plurality of input wells
configured to hold and supply prospective emulsion phases for the droplet
generators, and a plurality of output wells configured to receive and collect
emulsions produced by the droplet generators from the emulsion phases; and
(i) a gasket defining a plurality of orifices and configured to be disposed on
and engaged with the chip such that each of the input wells and/or each of the

output wells is only partially covered by the gasket.
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A3. A device for forming emulsions, comprising: (i) a microfluidic
chip including a plurality of droplet generators, a plurality of input wells
configured to hold and supply prospective emulsion phases for the droplet
generators, and a plurality of output wells configured to receive and collect
emulsions produced by the droplet generators from the emulsion phases; and
(ii) a gasket defining an array of orifices and configured to be disposed on and
engaged with the chip such that each well is overlapped by a different orifice.

B3. The device of paragraph A3, wherein each well is larger in
diameter than the orifice that overlaps such well.

C3. The device of paragraph A3 or B3, wherein each output well has
a rim, and wherein the gasket is configured to form a seal circumferentially
with the rim.

D3. A device for forming emulsions, comprising: (i) a microfluidic
chip including a plurality of droplet generators, a plurality of input wells
configured to hold and supply prospective emulsion phases for the droplet
generators, and a plurality of output wells configured to receive and collect
emulsions produced by the droplet generators from the emulsion phases; and
(ii) a gasket defining an array of orifices and configured to be disposed on and
engaged with the chip such that each output well, each input well, or each
output well and each input well is overlapped by a different orifice.

E3. The device of paragraph D3, wherein the gasket is configured to
cover only a portion of each well that is overlapped.

F3. The device of paragraph D3 or E3, wherein the gasket is
configured to cover only a perimeter portion of each well that is overlapped.

G3. The device of any of paragraphs D3 to F3, wherein each well
that is overlapped is larger in diameter than the orifice that overlaps such well.

H3. The device of any of paragraphs D3 to G3, wherein each well
overlapped by an orifice has a rim, and wherein the gasket is configured to
form a seal circumferentially with the rim.

13. The device of any of paragraphs D3 to H3, further comprising a

cartridge that receives and holds the chip.
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J3.  The device of paragraph 13, wherein the cartridge includes a
plurality of projections, and wherein the gasket defines apertures configured
to be received on the projections to attach the gasket to the cartridge with the
orifices overlapping the wells.

K3. The device of paragraph I3, wherein the cartridge has a locked
configuration and an unlocked configuration that respectively restrict and
permit removal of the chip from the cartridge.

L3. The device of paragraph 13, wherein the cartridge includes an
electrically conductive contact element.

M3. The device of paragraph L3, wherein the contact element is
disposed on a bottom surface of the cartridge.

N3. The device of any of paragraphs 13 to M3, wherein an upper
surface region of the cartridge includes an optical element configured to
reflect light, and wherein the gasket attached to the cartridge blocks light
reflection by the optical element.

0O3. The device of any of paragraphs 13 to N3, wherein the cartridge
has a substantially larger footprint than the chip, optionally having a footprint
area that is at least twice that of the chip.

P3. A method of forming emulsions, comprising: (i) selecting a
gasket defining a plurality of orifices and a microfluidic chip including a
plurality of droplet generators, a plurality of input wells configured to hold and
supply prospective emulsion phases to the droplet generators, and a plurality
of output wells; (i) disposing the gasket in engagement with the chip such that
each output well, each input well, or each output well and each input well is
overlapped by an orifice of the gasket; and (iii) engaging the gasket with a
port interface of a fluidics assembly including a pump, to apply pressure to the
input wells, the output wells, or both to drive the emulsion phases from the
input wells, through the droplet generators, and to the output wells for
collection as emulsions.

Q3. The method of paragraph P3, wherein the port interface is a

manifold.
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R3. The method of paragraph P3 or Q3, wherein each overlapped
well is overlapped by a different orifice.

S3. A method of emulsion formation, comprising: (i) applying
pressure with gas to drive a first phase and an immiscible second phase
through a droplet generator and along a flow path connecting the droplet
generator to a container, such that an emulsion of first phase droplets
disposed in the second phase is formed by the droplet generator and
collected in the container; (ii) monitoring the pressure for a change that meets
a predefined condition; and (iii) terminating application of the pressure if the
change occurs.

T3. The method of paragraph S3, wherein the step of applying
pressure includes a step of applying negative pressure to the container such
that the first phase and the second phase are drawn to the container by the
negative pressure.

U3. The method of paragraph S3 or T3, wherein the step of applying
pressure drives parallel droplet formation at respective droplet generators and
parallel collection of a plurality of emulsions in separate containers.

V3. The method of paragraph U3, wherein the step of applying
pressure is performed with a manifold disposed in fluid communication with
each of the separate containers.

W3. The method of paragraph V3, wherein the change in pressure is
indicative of air traveling through a droplet generator and along a flow path to
a container.

X3. The method of any of paragraphs S3 to W3, wherein the
pressure is a negative pressure, and wherein the change includes a decrease
in the magnitude of the negative pressure.

Y3. The method of any of paragraphs S3 to X3, wherein the droplet
generator is supplied with the first phase and the second phase from
respective reservoirs, and wherein at least one of the respective reservoirs

being empty can produce the change.
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Z3. The method of any of paragraphs S3 to Y3, wherein the step of
applying pressure drives parallel droplet formation at respective droplet
generators and parallel collection of a plurality of emulsions in separate
containers, wherein the droplet generators are supplied with first and second
phases from a plurality of reservoirs, and wherein the change in pressure is
indicative of any one of the reservoirs being empty.

A4. The method of any of paragraphs S3 to Z3, wherein the first
phase is an agueous phase containing a nucleic acid target, and wherein the
target is present at an average concentration of no more than about two
copies per droplet in the emulsion.

B4. The method of any of paragraphs S3 to Z3 and A4, wherein the
first phase is an agueous phase containing genomic DNA, and wherein the
genomic DNA is present at an average concentration of no more than about
two genome-equivalents per droplet in the emulsion.

C4. A system for emulsion formation, comprising: (i) an instrument
including a fluidics assembly having a pressure source and a pressure sensor
that monitors pressure in the fluidics assembly; and (ii) a cassette including a
chip providing a droplet generator, a container, and respective reservoirs
configured to hold a first phase and an immiscible second phase, wherein the
instrument is configured to receive the cassette and to apply a pressure with
gas to the chip to drive the first and second phases through the droplet
generator and to the container such that an emulsion of first phase droplets
disposed in the second phase is formed by the droplet generator and
collected in the container, and also is configured to monitor the pressure for a
change that meets a predefined condition indicating depletion of liquid from a
reservoir, and to terminate application of the pressure if the change occurs.

D4. An apparatus for driving emulsification of prospective emulsion
phases held by a cassette including a plurality of droplets generators, input
reservoirs to hold the emulsion phases for the droplet generators, and
containers to collect emulsions, the apparatus comprising: (i) a seating area
for the cassette; (i) a fluidics assembly including one or more ports; (iii) a

drive assembly operative to provide relative movement of the ports and the
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cassette disposed in the seating area; (iv) a user control; and (v) a processor,
wherein a single actuation signal communicated to the processor from the
user control causes (1) the drive assembly to create fluid communication
between the ports and the cassette, and (2) the fluidics assembly to drive, via
gas pressure at the ports, the prospective emulsion phases through the
droplet generators and to the containers for collection as emulsions.

E4. The apparatus of paragraph D4, wherein the fluidics assembly
includes a vacuum pump, and wherein the fluidics assembly drives the
prospective emulsion phases to the droplet generators by application of
negative gas pressure to the cassette via the ports.

F4. The apparatus of paragraph D4 or E4, wherein the fluidics
assembly has a different port for each droplet generator.

G4. The apparatus of paragraph F4, wherein the fluidics assembly
includes a manifold that provides the ports, and wherein the single actuation
signal causes the drive assembly to move the manifold into engagement with
the cassette.

H4. The apparatus of paragraph G4, wherein the cassette includes a
chip and a gasket, wherein the chip provides the droplet generators, the
reservoirs, and the containers, and wherein the gasket forms a seal at a
perimeter of each of the containers, each of the reservoirs, or each of the
containers and each of the reservoirs.

14. The apparatus of paragraph H4, wherein the gasket forms a
seal at a perimeter of each of the containers and with each of the reservoirs.

J4. The apparatus of paragraph H4, wherein the gasket is
perforated to provide a respective orifice that vent each of the containers,
each of the reservoirs, or each of the containers and each of the reservoirs.

K4. The apparatus of paragraph J4, wherein each orifice has a
smaller diameter than the container or reservoir that the orifice vents, such
that the gasket covers a majority of each container, reservoir, or container and

reservoir.
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L4. The apparatus of any of paragraphs D4 to K4, further
comprising a door, wherein the seating area is disposed in a chamber that is
formed in part by the door, and wherein the single actuation signal causes the
door to close such that the seating area is not accessible to a user.

M4. The apparatus of any of paragraphs D4 to L4, wherein the
emulsion phases are driven by application of positive or negative gas
pressure at the ports, wherein the single actuation signal also causes the
fluidics assembly to terminate application of the gas pressure at the ports if a
predefined condition representing an endpoint for emulsion formation is
detected.

N4. The apparatus of any of paragraphs D4 to M4, wherein the
single actuation signal is provided by a switch.

0O4. The apparatus of paragraph N4, wherein the switch is operated
by pushing a button.

P4. The apparatus of any of paragraphs D4 to O4, further
comprising a sensor configured to detect whether or not at least part of the
cassette is disposed in the seating area, and wherein the instrument does not
implement the actuation signal if the sensor detects that the cassette is not
disposed in the seating area.

Q4. The apparatus of any of paragraphs D4 to P4, wherein the
cassette includes a microfluidic chip and a gasket disposed on the chip,
further comprising a sensor configured to detect whether or not the gasket is
present in the seating area, wherein the instrument does not implement the
actuation signal if the sensor detects that the gasket is not present.

R4. A system for emulsion formation, comprising: (i) an instrument
including a fluidics assembly capable of generating pressure; and (ii) a
cassette including a cartridge and a microfluidic chip configured to be
received and held by the cartridge, the chip including a plurality of droplet
generators, a plurality of reservoirs configured to hold and supply prospective
emulsion phases for the droplet generators, and a plurality of containers,

wherein the instrument is configured to receive the cassette and to apply
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pressure to the chip with the fluidics assembly to drive the phases through the
droplet generators and to the containers for collection as emulsions.

The disclosure set forth above may encompass multiple distinct
inventions with independent utility. Although each of these inventions has
been disclosed in its preferred form(s), the specific embodiments thereof as
disclosed and illustrated herein are not to be considered in a limiting sense,
because numerous variations are possible. The subject matter of the
inventions includes all novel and nonobvious combinations and
subcombinations of the various elements, features, functions, and/or
properties disclosed herein. The following claims particularly point out certain
combinations and subcombinations regarded as novel and nonobvious.
Inventions embodied in other combinations and subcombinations of features,
functions, elements, and/or properties may be claimed in applications claiming
priority from this or a related application. Such claims, whether directed to a
different invention or to the same invention, and whether broader, narrower,
equal, or different in scope to the original claims, also are regarded as
included within the subject matter of the inventions of the present disclosure.
Further, ordinal indicators, such as first, second, or third, for identified
elements are used to distinguish between the elements, and do not indicate a
particular position or order of such elements, unless otherwise specifically

stated.
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CLAIMS

1. A system for emulsion formation, comprising:

a microfluidic device having a plurality of emulsion formation units each including a
sample well, a droplet well, a sample inlet channel extending from the sample well to a channel
intersection, and a droplet outlet channel extending from the channel intersection to the droplet
well; and

an instrument that operatively receives the microfluidic device and including a fluidics
assembly having a pressure sensor, the instrument being configured (a) to apply pressure to the
emulsion formation units in parallel with the fluidics assembly to drive parallel generation of
droplets at the channel intersections of the emulsion formation units and parallel collection of
emulsions of the droplets in the droplet wells of the emulsion formation units, (b) to monitor the
pressure with the pressure sensor, and (c) to stop application of the pressure to all of the
emulsion formation units when the pressure sensor detects a change in pressure indicative of air

entering any one of the sample inlet channels from a corresponding sample well.

2. The system of claim 1, further comprising a gasket defining a plurality of orifices
configured to provide fluid communication between the microfluidic device and the fluidics
assembly such that pressure can be applied to the emulsion formation units by the fluidics

assembly.

3. The system of claim 2, wherein the gasket is configured to be engaged with the

microfluidic device such that an orifice of the gasket overlaps each droplet well.

4. The system of claim 1, wherein the instrument is configured to receive an actuation signal
from a user, and wherein the actuation signal causes the instrument, without any further user
input or participation, to apply the pressure, to monitor the pressure, and to stop application of

the pressure.

5. The system of claim 1, wherein the fluidics assembly includes a pump that functions as a
source of the pressure, and wherein the pressure is applied by the instrument to the emulsion

formation units while the pump is fluidically isolated from the emulsion formation units.

AH26(10492385_1)
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6.  The system of claim 1, wherein the instrument is configured to apply negative pressure to

the droplet wells of the emulsion formation units.

7. The system of claim 1, wherein each emulsion formation unit includes an oil well to hold a
continuous phase for an emulsion, and wherein the instrument is configured to apply positive

pressure to the sample wells and the oil wells of the emulsion formation units.

8. The system of claim 1, wherein the instrument is configured to apply pressure to the
emulsion formation units with a gas phase that contacts liquid contained by the microfluidic

device.

9. The system of claim 8, wherein the gas phase is composed of air.

10.  The system of claim 1, wherein the fluidics assembly includes a manifold providing a

plurality of ports through which a negative pressure is applied to the droplet wells.

11. The system of claim 1, wherein the instrument is configured to concentrate the emulsions

by selectively driving a continuous phase of an emulsion from each of the droplet wells.

12.  The system of claim 1, wherein the fluidics assembly includes a valve, and wherein

adjustment of the valve stops application of the pressure to all of the emulsion formation units.

13.  The system of claim 12, wherein the fluidics assembly includes a pump operatively
connected to a reservoir, wherein the reservoir is configured to apply a negative pressure to the
droplet wells while fluidically isolated from the pump, and wherein adjustment of the valve

fluidically isolates the reservoir from the emulsion formation units.

14. The system of claim 12, wherein the adjustment of the valve vents the droplet wells.

AH26(10492385_1)
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15. A method of emulsion formation performed with the system of claim 1, the method
comprising:

applying pressure with the fluidics assembly to the emulsion formation units, to drive
droplet formation at the channel intersections and collection of emulsions of the droplets in the
droplet wells;

monitoring the pressure with the pressure sensor; and

stopping application of the pressure when the change in pressure is detected.

Amy L. Hiddessen
Donald A. Masquelier
Kevin D. Ness
Benjamin J. Hindson
Anthony J. Makarewicz Jr.
Erin R. Steenblock
Bio-Rad Laboratories, Inc.
Patent Attorneys for the Applicant/Nominated Person
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