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SEQUENCED DROPLET EJECTION TO DELIVER FLUIDS

BACKGROUND

(00017 Microfluidic systems may be used {o perform a variety of chemical,
biclogical, and biochemical processes, such as nucleic acid testing. Delivery of
reagents to a process site may be accomplished in a variety of ways. In one
type of system, reagents are drawn through microfiuidic channels by a

downstream pump.

BRIEF DESCRIPTION OF THE DRAWINGS
0002} FIG. 1 is a schematic diagram of an example system that uses droplet

gjection to sequence flow of fluid through microfiuidic networks.

[0003] FIG. 2 is a flowchart of an example method that uses droplet gjection

{0 sequence flow of fluid through microfiuidic networks.

0004} FIG. 3 is a schematic diagram of an example system that uses input
and output droplet gjection o sequence flow of fluid through microfluidic

networks.

100053 FIG. 4 is a control diagram of example input and output droplet

ajection to sequence flow of fluid through microfiuidic networks.

0006} FIG. 5 is a schematic diagram of an example sysiem that uses a
cartridge for droplet ejection to sequence flow of fluid through microfluidic

networks.

00077 FIG. 6 is a schematic diagram of an example system that uses
sequenced input and output droplet ejection to perform a nucleic acid

amplification process.
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[0008] FIG. 7 is a flowchart of an example method that uses droplet gjection
{0 sequence flow of fluid through microfluidic networks to perform a nucleic acid

testing process.

DETAILED DESCRIPTION

[0009] Microfiuidic systems often include a network of microfluidic channels.
Flow rates in a typical system are often interdependent. That s, fluid flow
induced by a downstream pump that draws a reaction product from a channel
where a reaction {akes place ofien dictates upstream flow of the reagents into
the channel. Changing flow rate through such a channel means that input flow
rates of reagents are also changed. The geometry of a microfiuidic neiwork,
relative sizes of channels, and other factors may determine the interdependency

of flow rates.

(00107 The same interdependency applies o parallel microfluidic networks
that receive fluid from a common source. Changing a flow rate in one network

often affecis a flow rate in another network.

(00113 Fluid conirol components {e.g., valves, pumps, efc.) are often
provided to microfiuidic channels to control flow rates that would otherwise be

interdependent. However, such control elements add complexity.

100121  To reduce the need for such fluid control components and provide for
simplified control of a microfluidic analytical process, such as a nucieic acid
testing process, droplet ejectors or arrays thereof are used {0 create negative
pressure to draw a fluid, such as a reactant or intermediate reaction product,
from a mesofluidic chamber to different downstream targets, such as
rmicrofiuidic networks for nucieic acid amplification. Flow through different

downstream targets is decoupled.

160133 Droplet gjectors or arrays thersof may aiso be used to provide input
fluid to a mesofluidic chamber upsiream of the targets. The mescfluidic chamber

may be used to mix, react, accumulate, concentrate, or perform other fluid
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manipulation on different inputted fluids. input fluid flow is decoupled from flow

though downstream targets.

[0014] Fluid flow through different downstream targets may be sequenced
according to the needs of an analytical process implemented. input fluid flow
may also be sequenced, so that suitable source fluid for downstream targels is

generated.

[0015] A wide variety of analytical processes, such as nucleic acid testing
processes, may thus be performed using coniroliably synchronized fluid flow

without the need for valves or other mechanisms.

160163 in the examples, a device includes a non-transitory machine-readable
medium incduding instructions that when executed by a processor causs the
processor to control input of a fluid to a chamber that feeds a first channel
terminating at a first droplet ejector and a second channel terminaling at a
second droplet ejector. The instructions are further {o cause the processor o
sequence an ejection of droplets at the first droplet ejector and the second
droplet ejector to induce negative pressure to provide a sequenced output flow
of the fluid through the first channel 1o a first target microfluidic network and
through the second channel to a second targe! microfluidic network. The
instructions are further to cause the processor to initiate an analytical process at

the first and second target microfluidic networks.

(00171  The instructions can further sequence input flow of different fluids into

the chamber gt different times.

[0018]  The instructions can further sequence ejection of droplets at the first
droplet gjecior and the second droplet ejector based on the sequenced input

flow of the different fluids.

[G019]  The instructions can further delay ejection of droplets at the first
droplet ejector and the second droplet ejector by a hold time of the fluid in the
chamber or a determined volume of fluid in the chamber.
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100201  The instructions can further initiate a nucleic acid testing process as

the analytical process.

(00211  The instructions can further perform a first portion of a nucleic acid
testing process at the first target microfluidic network and perform a second
portion of the nucleic acid testing process at the second target microfluidic

natwork.

[0022] The device can further include a processor and an interface
electrically connected to the processor. The processor is electrically connecied
to the non-transitory machine-readable medium. The interface is (o receive
glectrical connection of a removable cartridge. The removable cartridge includes
the chamber, the first channel, the first droplet gjecior, the second channel, the
second droplet ejector, the first target microfiuidic network, and the second

target microfiuidic network.

[0023] The device can further include an input droplet ejector to provide the

fluid to the chamber.

[0024] In some examples, a device includes a housing; a chamber at the
housing; a first channe! communicating with the chamber; a first farget
rricrofiuidic network communicating with the first channel; a first droplet ejector
at an end of the first channel; a second channel communicating with the
chamber; a second target microfiuidic network communicating with the second
channel; a second droplet ejector at an end of the second channel; and a signal
interface at the housing and electrically connected to the first and second
droplet ejeciors. The chamber is {0 receive a fluid and the first {arget microfluidic
network is to perform an analytical process with the fiuid. The second target
rricrofiuidic network is to cooperate with the first target microfiuidic network to
perform the analytical process. The signal interface is 1o receive a signal to
sequence gjection of droplets at the first and second droplet ejeciors to draw the

fluid through to first and second target microfluidic networks.
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[0025] FIG. 1 shows an example system 100 that uses droplet ejection to
sequence flow of fluid through microfluidic networks {0 perform an analytical
process, such as a nucleic acid testing process that uses nucieic acid
amplification.

[0026] The system 100 includes a chamber 102, a first microfiuidic channei
104 in communication with the chamber 102, a second microfluidic channel 108
in communication with from the chamber 102, a first target microfluidic network
108 at the first channei 104, a second target microfluidic network 110 at the
second channel 108, a first droplet ejector 112 positioned at the first channel

104, and a second droplet ejector 114 positioned at the second channel 108,

(00277  The chamber 102 is o receive and contain a fluid. The chamber 102
is mesofluidic in scale relative to the channels 104, 106, target microfluidic
networks 108, 110, and the droplet gjectors 112, 114, which are microfluidic in
scale. The chamber 102 may be provided with a fluid or a sequence of fluids. A
sequence of fluids may be provided by coniroliing fiuid flow into the chamber
102, by performing a reaction in the chamber 102, or by performing other fluid
manipulation with the chamber 102. The chamber 102 may be vented to allow
pressure equalization in the chamber 102 as fluid is moved into and out of the
chamber 102

(00287  The fluid provided o the chamber 102 may be a reagent, such as a
chemical solution, a sample {(2.g., a deoxyribonucleic acid or DNA sample, a
ribonucleic acid or RNA sample, efc.), or other material. The term “fluid” is used
herein to denote a material that may be jetted, such as agusous solutions,
suspensions, solvent solutions (e.g., alcohol-based solvent solutions), oii-based
solutions, or other materials.

1002981  The first and second channels 104, 108 may originate at the chamber
102 or may branch from a common channel 122 that originates at the chamber
102. Irrespective of the specific structure of the first and second channels 104,
106, the first and second channels 104, 108 are capable of communicating fluid

from the chamber 102. The first channel 104 terminates at the first dropiet
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gjector 112 and the second channel 108 terminates at the second droplet

giector 114,

[0030]  The channels 104, 108, 122 may be primed wiih fluid to communicate
negative pressure from the droplet gjeciors 112, 114 to the chamber 102. The
priming fluid may include a drive fluid that is not used by a process implemented
by a target microfluidic network 108, 110 or a working fluid that is used by a
target microfiuidic network 108, 110. A channel 104, 108, 122 may be preloaded

with any number and sequence of slugs of drive and working fluids.

[G031]  The first and second droplet ejectors 112, 114 may be formed at a
substrate and such a substrate may have multiple layers. The substrate may
include silicon, glass, photoresist (e.g., SU-8), or similar materiais. A droplet
gjector 112, 114 may include a jet element, such as a resisiive heater, a
piszoelectric element, or similar device that may implement inkjet droplet jetting
technigues, such as thermal inkjet (T1J) jetting. The jet element is controliable to
draw fluid from the respective channel 104, 106 1o jef fluid droplets out an
orifice. An array having any number of droplet gjectors 112, 114 may be

provided o a respective channs! 104, 106.

100321  The first droplet ejector 112 is positioned at the first channel 104
downstiream of the first target microfluidic network 108. The first droplet ejector
112 may be positioned at an end of the first channel 104, such that the first
target microfiuidic network 108 is between the chamber 102 and the first droplet
gjector 112. When driven, the first droplet ejector 112 draws fluid from the
chamber 102 through the first channel 104 and into the first target microfiuidic
network 108 by low pressure generated by dropiet gjection. The first droplet
gjector 112 may be fed by a fluid reservoir connected between the first channel
104 and the droplet ejector 112. Such a fluid reservoir may supply a volume of

drive fluid {0 be ejected.

[0033] The second droplet ejector 114 is positioned at the second channel
106 downstream of the second target microfluidic network 110. The second

droplet ejecior 114 may be positioned at an end of the second channel 108,
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such that the second targst microfluidic network 110 is between the chamber
102 and the second droplet ejector 114. When driven, the second droplet
gjector 114 draws fluid from the chamber 102 through the second channel 106
and into the second target microfluidic network 110 by low pressure generated
by droplet sjection. The second droplet ejector 114 may be fed by a fluid
reservoir connected between the second channel 106 and the droplet ejector

114, Such a fluid reservoir may supply a volume of drive fluid to be ejected.

[G034]  The first droplet ejector 112 may provide capillary action to resist
backflow of fluid from the first channel 104 into the second channel 106. That is,
when the second droplet ejector 114 is driven and the first droplet ejector 112 is
not driven, resistance and counteracting capillary pressure at the first droplet
gjector 112 due to capillary action may prevent fluid in the first channel 104 from
being drawn back into the chamber 102 or into the second channel 108,
Likewise, the second droplet ejecior 114 may provide capillary action 1o resist

backflow of fluid from the second channel 1086.

[G035] A target microfluidic network 108, 110 may include a passive
component, such as a network of microfluidic channels, which may be made of
silicon, silicon oxide, photoresisi, polydimethylsiloxane (PDMS), cyclic olefin
copolymer (COC), other plastics, glass, or other materials that may be made
using micro-fabrication technologies. The target microfluidic network 108, 110
may contain a solid compound to interact with fluid delivered by the respective
channel 104, 106. A solid compound may be solid in bulk, may be a powder or

particulate, may be integrated into a fibrous material, or similar.

[G038] A target microfluidic network 108, 110 may include an active
component. Examples of aclive components include a pump, sensor, mixing
chamber, channel, heater, reaction chamber, droplet ejector, or similar
component to perform further action on fluid delivered by the respective channel
104, 108.

(00377  In various examples, a target microfiuidic network 108, 110 includes

microfluidic structure o implement a nucieic acid testing process, such as
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process that uses nucleic acid amplification (NAT), such as polymerase chain
reaction (PCR), real-time or quantitative polymerase chain reaction (qPCR),
reverse transcription polymerase chain reaction (RT-PCR), loop mediated

isothermal amplification (LAMP), and similar.

[0038] The system 100 further includes a processor 116 and memory 118
connected to the processor. The processor 116 is connecied o the droplet
ejectors 112, 114 to provide a signal to sequence gjection of dropleis by the
droplet gjectors 112, 114. The memory 118 stores flow sequencing instructions

120 to generate such a signal.

[0039] The processor 116 may include a central processing unit (CPU), a
microcontrolier, a microprocessor, a processing core, a field-programmable gate
array (FPGA), or a similar device capable of executing instructions. The
processor 116 cooperates with the memory 118, which includes a non-transitory
machine-readable medium that may be an elecironic, magnetic, optical, or other
physical storage device that encodes executable instructions. The machine-
readable medium may include, for example, random access memory (RAM),
read-only memory (ROM), electricaliy-erasable programmable read-only

memory (EEPROM), flash memory, a storage drive, an optical disc, or similar.

(00401  The flow sequencing instructions 120 are {o sequence gjection of fluid
droplets af the first droplet ejector 112 and the second droplet sjector 114 to
induce negative pressure to provide a sequenced output flow of the fluid
through the first channel 104 to the first target microfluidic network 108 and

through the second channel 106 {0 the second target microfluidic network 110.

(00417  The sequencing of dropiet ejection aliows the first and second target
rricrofiuidic networks 108, 110 to perform an analyiical process with a
sequenced delivery of fluid. The processor 116 may further control the first and
second target microfluidic networks 108, 110 to perform the analytical process,
such as by controlling a heater or other active component at a microfiuidic
network 108, 110. Control of a heater may include performing temperature

cycling of a PCR process or other nucleic acid amplification process.



WO 2019/209374 PCT/US2018/062365

100421  The processor 116 may be connected to the target microfluidic
networks 108, 110 to iniliate the process, conirol the process, or allow
information o be shared between the target microfluidic networks 108, 110 and
with the processor 1186, For example, the instructions 120 may initiate a nucleic
acid testing process st the target microfluidic networks 108, 110 after or during
sequenced ejection of fluid at the droplet ejectors 112, 114. Further, a
parameter of a subseguent process to be performed at a target microfluidic
network 108, 110 may be adjusted based on final or intermediate results from a
process performed at g {arget microfluidic network 108, 110. That is, feedback

may be shared among different target microfluidic networks 108, 110.

[0043] In an example nucleic acid testing process, fluid provided to the
chamber 102 may include, for example, a DNA/RNA sample, a lysis buffer,
washing solution, an eiution buffer, a PCR master mix, and similar. Fluid may be
provided to the chamber 102 in a lime-controlled manner, so that desired fluid

may be drawn into each target microfiuidic network 108, 110,

[G044] A nucleic acid testing process may be divided into a plurality of
portions that may be performed in parallel. For example, a first portion of a
nucleic acid testing process may be performed at the first target microfluidic
network 108 and a second portion of the nucleic acid testing process may be
performed at the second target microfividic network 110, Information from one
portion of the process may be shared with ancther portion of the process via, for

example, the processor 116.

(00453 Different nucleic acid testing processes may be performed by the
target microfividic networks 108, 110 and such processes may differ by virtue of
a different reagent, different reagent concentration, different DNA/RNA sample,

or the like.

100487 Fluid movement through system 100 may be controlled by the droplet
gjectors 112, 114 without the need for other active componenis, such as valves,
for isolation of fluid having different properties or contents. Further, back flow of

fiuid from one channel 104, 106 to another channel 104, 108 may be prevented
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by capillary resistance provided by the droplet ejectors 112, 114. As such, a

subprocess may be performed at each target microfluidic networks 103, 110
with an expected fluid that may be generated within the mesofluidic chamber
102.

100473 in some examples, the devices and systems described herein can be
used with a method for sequencing flow of fluid through target microfluidic
networks. An example method includes providing fluid to a chamber. The
chamber feeds a first channel terminating at a first droplet ejector and a second
channel terminating at a2 second droplet ejector. The method further includes
sequencing ejection of droplets at the first droplet ejector and the second
droplet ejector to induce negative pressure to provide a segquenced ouiput flow
of the fluid through the first channel (o a first target microfluidic network and
through the second channel o a second target microfluidic network. The
method further includes coniroliing the first and second farget microfluidic

networks to perform an anaiytical process with the fluid.

[G048]  The method can include providing different fluids o the chamber
according to a sequenced input flow, in which different fluids are infroduced to

the chamber gt different times.

(00491  The method can further include sequencing gjection of droplets at the
first droplet ejector and the second droplet ejector based on the sequenced

input flow of the different fluids.

(00507  The method can further include ejecting the different fiuids into the

chamber using different droplet gjeciors.

[0051]  The method can further include sequencing ejection of droplets at the
first droplet ejector and the second dropilet eiector based on a hold fime of the

fluid in the chamber.

(00527  The method can further include performing a first portion ¢of a nucleic

acid testing process at the first target microfluidic network and performing a
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second portion of the nudleic acid testing process at the second farget

microfluidic network.

0053} FIG. 2 shows an example method 200 of droplet ejection to seguence
flow of fluid through target microfluidic networks. The method 200 may be
performed by any of the systems and devices described herein. The method
starts at block 202.

[0054] At block 204, fluid is provided {0 a mesofiuidic chamber that
communicates with a plurality of target microfiuidic networks. For exampile, fluid
may be gjected info the chamber by a droplet gjector. Mixing, reacting,
accumulating, or other fluid manipulation may be performed on fluid within the

chamber.

[0055] Nexi, at block 206, fluid is gjected in a sequenced manner from
droplet ejectors positioned downstrearm of the target microfluidic networks o
induce a sequenced output flow of fluid from the chamber, through respective
channels, and into the target microfluidic networks. Droplet ejection draws fluid
from the chamber into a target microfluidic network by inducing negative
pressure downstream of the target microfiuidic network. The gjection sequence
may be selected o bring fluid into each microfluidic network at the appropriate
fime for cooperative performance of an analytical process by the target
microfiuidic networks. The ejection sequence may be selected o perform
multiple different analytical processes in different target microfluidic networks in

a parallel and time-efficient manner.

[0056] At block 208, the target microfiuidic networks are controlied to perform
an analytical process with the sequenced delivery of fluid. The target
rricrofiuidic networks may cooperate, perform parallel subprocesses, perform
independent processes, or function according to another methodology. Control
may be effected by the fiuid flowing through the target microfiuidic networks,
and hence, determined by the ejection of droplets at the droplet ejectors.

Control may also or alternatively be effected by processor, which may also
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control the droplet ejectors. Such a processor may directly control active

components of the farget microfiuidic networks.

(00571  Once the analytical process is complete, at block 210, the method
ends, at block 212.

[0058] FIG. 3 shows an example system 300. Features and aspects of the
other devices and systems described herein may be used with the system 300
and vice versa. Like reference numerals denote like elements and description of

like elements is not repeated here.

[G0597  The system 300 includes a plurality of source fluid reservoirs 302, 304
to feed different fluids to a mesofluidic chamber 102 that feeds fluid {o a plurality

of microfiuidic networks 108, 110.

(00807  Fluid may be provided to the chamber 102 by droplet ejectors 306,
308 in communication with respeactive fluid reservoirs 302, 304. That is, fluid
may be gjected into the chamber 102 to accumulate, mix, react, be
concentrated, or undergo another manipulation in advance of or
contemporanecusly with fluid being drawn from the chamber 102 into the
plurality of microfiuidic networks 108, 110 by negative pressure induced by

operation of downstream droplet ejectors 112, 114,

[G061] Further, as shown, the system 300 may inciude downstream fluid
reservoirs 312, 314. A first fluid reservoir 312 may communicate the first
channel 104 to the first droplet ejector 112 and may supply a volume of drive
fiuid 1o be gjecied by the first droplet gjecior 112. A second fluid reservoir 314
may communicate the second channel 108 to the second droplet ejsctor 114
and may supply a volume of drive fluid {0 be ejected by the second droplet

ejector 114,

(00823 Processor-executable flow sequencing instructions 310 may provide
different fluids to the chamber 102 with the input droplet ejectors 306, 308
according to a sequenced input flow. That is, different fluids may be introduced

to the chamber 102 at different times by the different input droplet gjectors 308,
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308. Sequenced input flow may be controlled according {o the accumulating,
mixing, reaction, concentrating, or other manipulation performed at the chamber
102.

[0063]  The processor-executable flow sequencing instructions 310 may
further effect sequenced ejection of droplets at the downstream droplet ejectors
112, 114 based on the sequenced input flow of the different fluids into the
chamber 102. That is, a seqguence followed to draw fluid into the microfiuidic
networks 108, 110 may be based on the sequenced generation of the fluid at
the chamber 102 using the input droplet ejectors 306, 208. Input and output flow

may be coordinated.

[0064] The processor-executable flow sequencing instructions 310 may
sequence ejection of droplets at the downstream droplet gjectors 112, 114
based on a hold time of fluid in the chamber 102. A hold time may be used to
aliow mixing, concentrating, reacting, or similar manipulation {0 complete. As
such, after ejection of droplets into the chamber 102 by the input droplet
ejectors 306, 308, aclivation of the downstream dropiet gjectors 112, 114 may
be delayed so that a suitable fluid is generaled at the chamber 102 prior to such

fluid being drawn through the target microfluidic networks 108, 110.

[0085]  The processor-executable flow sequencing instructions 310 may
sequence gjection of droplets at the downstream droplet ejectors 112, 114
based on a volume of fluid in the chamber 162, Volume may be computed from
droplet gjection rate into the chamber 102. That is, a volumetric flow rate of
input droplet eiectors 306, 308 may be stored in memory for reference by the
instructions 310. A correlation of volumetric fiow rates, such as a lookup table or
function, may be provided for different ejection frequencies. Allermnatively or
additionally, as sensor 320 may be connected o the processor 116 and may be
provide at the chamber 102. For example, sensing slectrodes may be provided
o the chamber 102 to determine volume of fluid in the chamber 102, Cther

types of sensors, such as inductive sensors, may be used. As such, a
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downstream droplet gjector 112, 114 may be aclivated when a particular volume

of fiuid is determined 1o be present in the chamber 102.

[0066]  As shown in FIG. 4, flow sequencing instructions 310 may control
input droplet ejection rates 400, 402 of any number of droplet ejectors
positioned provide different fluids to a mesofluidic chamber 102, tach fluid may
be fed into the chamber 102 at a specific flow rate thal may be controlled by a
frequency of droplet gjection and a quantity of droplet ejection nozzles that are

activated.

[G0671 input droplet ejection rates 400, 402 may be varied over time o
provide a specific fluid at the chamber 102, As such, fiuid may be mixed,
reacted, accumulated, concentrated, or otherwise generated in the chamber
102. Such fluid may then be selectively provided to target microfluidic networks

108, 110 positionad downstream of the chamber 102.

[0068] The flow sequencing instructions 310 may further controf cutput
droplet ejection rates 404, 406 of any number of droplet ejectors positioned
downstream of the target microfiuidic networks 108, 110 to draw selected fluid
into the target microfluidic networks 108, 110. That is, when the chamber 102
contains a specific fluid that is intended for a specific target microfluidic network
108, 110, then the respective droplet ejection rate 404, 408 is controlled to draw
the specific fiuid into the specific target microfiuidic network 108, 110 at a
specific flow rate. The specific flow rate may be controlied by a frequency of
droplet gjection and a quantity of droplet ejection nozzles that are activated. At

the same time, other droplet ejection rates 404, 406 may be conirolied to stop.

[G0897  Anincrease to an ouiput dropiet ejection rate 404, 406 may be
controlied {0 iag an increase 1o an input dropiet gjection rate 400, 402 and such
delay in movement of fluid from the chamber 102 may be used to implement a

dwell time, to allow a reaction sufficient time io perform, or for a similar purpose.

(00701  The chamber 102 acts as a mesofiuidic interface between the input

microfiuid flow and cutput microfluidic flow. As such, the chamber 102 reduces
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complexity for mixing, reaction, or other fluid manipulation process that would

ctherwise require increased complexity to implement at the microfluidic scale.

100713 FIG. 5 shows an example system 500. Features and aspecis of the
other devices and systems described herein may be used with the system 500
and vice versa. Like reference numerals denote like slements and description of

like elements is not repeated here.

[0072]  The system 500 includes a cartridge 502 including plurality of input
droplet ejectors 308, 308 that dispense different fluids to 2 mesofluidic chamber
102, a plurality of target microfiuidic networks 108, 110 in fluid communication
with the chamber 102, and a plurality of output droplet ejectors 112, 114 that
induce negative pressure to draw fluid from the chamber 102 into the target
microfluidic networks 108, 110. Such components may be contained within a
cartridge housing 504.

[0073]  The cartridge 502 further includes a signal interface 506 at the
housing 504. The signal interface 506 is electrically connecied o the droplet
ejectors 306, 308, 112, 114 to receive a signal to sequence ejection of droplets
to provide fluid to the chamber 102 and draw the fluid through target microfluidic

networks 108, 110. The signal interface 506 may include an electrical contact.

100741  The system 500 further includes an analysis device 508. The analysis
device 508 includes a memory 118 and processor 116, The memory 118 may
store flow sequencing instructions 310 for execution by the processor 116. The
processor 116 is connected {0 an interface 510 that may include an electrical

contact. The inferface 510 provides for communications with the processor 116.

[0075]  The cartridge 502 is removably mechanically connecied {o the
analysis device 508. When the caritridge 502 is mechanically connected to the
analysis device 508, the signal interface 506 of the carliidge 502 slectrically
connects o the interface 510 of the analysis device 508, so that the processor
116 may control the droplet ejectors 306, 308, 112, 114 and the arget

microfluidic networks 108, 110 according o the flow sequencing instructions
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310. When the analytical process implemented by the cartridge 502 is complete,
the resulting information may be communicated to the memory 118 or otherwise
outputted and the cartridge 502 may be disconnected from the analysis device
508 and discarded.

[0076] FIG. 6 shows an example system 600 for a nucleic acid testing
process. Features and aspects of the other devices and systems described
herein may be used with the system 600 and vice versa. Like reference
numerals denote like elements and description of like elements is not repeated
here.

100771 The system 600 includes a plurality of fluid gjection units 602
positioned to dispense fluid inio a mesofluidic chamber 804. Each ejection unit
includes a fluid reservoir 806, which may be preloaded or loaded at time of use,
and an array of droplet gjectors 608. Different fluid gjection units 802 may

provide different fluids to the mescfiuidic chamber 804,

[0078]  The chamber 804 may be funnel shaped {0 direct input fluid received
from the fluid gjection units 602 to a fluid oullet that feeds a network of
microfluidic channels 610. The chamber 604 includes a vent 612 {o allow
individual channels of the network of microfluidic channels 610 to funclion
independently. A magnet 626, filter, or similar componeni that may be
positionad near the outlet of the chamber 804 {o interact with fluid in the
chamber 604. In other examples, a magnet may be embedded in or attached to
an inner wall of the funnel wall of the chamber 604. As such, a reagent may be
made to coniact or not contact the magnet, depending on relative positions of
the magnet and the fluid gjection units 602. For example, magnetic material may
ke placed in the path of ejection of a particular fluid gjection unit 602 and

cutside a path of ejection of another fluid ejection unit 802,

(00791  The network of microfiuidic channels 610 is communicates the
chamber with first and second target microfluidic networks 108, 110 via first and
second channels 814, 618 that terminate a respective first and second dropiet

ejectors 112, 114. Ejection of droplets at a droplet ejector 112, 114 induces a
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negative pressure that draws fluid from the chamber 604 through the respective
target microfiuidic network 108, 110.

(00801  The network of microfiuidic channels 610 may further include a third

channel 620 that feeds a waste droplet gjector 622 that serves to clear fluid from
the chamber 604 without flowing through a target microfluidic network 108, 110,
The waste droplet sjector 822 may connect with the third channel 620 via a fluid
reservoir 628 that may be lcaded with drive fluid. All output droplet ejectors 112,

114, 622 may gject o waste.

[G081] A processor 116 is connected to the droplet ejectors 608, 112, 114,
822 and activates the droplet gjectors 808, 112, 114, 622 based on flow

sequencing instructions 824 that may be stored in a memory 118.

(00821  Fluid ejection units 802 may be provided for a wash buffer, an elution
buffer, and a fluid containing @ DNA/RNA sample. The flow sequencing
instructions 824 may activate respective droplet gjectors {o introduce the sample
and wash buffer o the mesofiuidic chamber 604 and draw resulting waste
product through the waste channel 620. Sampie material may be retained in the
chamber 804 by a magnet 628, filler, or similar component that may be
positionad near the cutllet of the chamber 604. The flow sequencing instructions
824 may activate respective droplet gjeciors to introduce elution buffer to the
mesofiuidic chamber 804 {0 elute the sample material and flow the resulling
product through the first target microfluidic network 108. A nudleic acid
application process may then be initiated at the first target microfiuidic network
108. Fiuid containing another sample may be ejected into the chamber 604 and
the washing and elution processes may be repeated with resuiting fluid being
draw inio the second target microfluidic network 110, so that many nuclsic acid
application processes may be performed in a parallel staged manner using a

plurality of target microfiuidic networks 108, 110.

(00831  An outcome of a test performed by a target microfiuidic network 108

may be used to modify parameters of a subsequent test performed by the next
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target microfiuidic network 110. For example, a low signal from a first DNA/RNA

sample may be used {0 increase elution of a second DNA/RNA sample.

0084} FIG. 7 shows an example method 700 of droplet ejection to seguence
flow of fluid through target microfluidic networks to perform a nucleic acid testing
process. The method 700 may be performed by any of the systems and devices
described herein, such as the system 600 which will be referenced as an

example. The method starts at block 702.

(00857 At block 704, fluid is provided 10 a chamber that feeds a first channel
terminating at a first droplet gjector and a second channel terminating at a
second droplet ejector. Different fluids may be provided to the chamber
according to a sequenced input flow, in which different fluids are infroduced to
the chamber at different times. Different fluids may be inputied into the chamber
by gjecting the different fiuids into the chamber using different input droplet
ejectors. For example, different input fiuid ejection units 802 may be provided
with a wash buffer, an elution buffer, and a fluid containing a DNA/RNA sample,
and droplets of these fiuids may be gjected into the chamber 804 at different

ftmes,

100881 At block 706, ejection of droplets at the first droplet gjecior and the
second droplet ejector, located downstream of the chamber, may be sequenced
to induce negative pressure o provide a sequenced output flow of the fluid
through the first channel to a first target microfluidic network and through the
second channel {o a second target microfluidic network. The sequencing of
ejection of droplets at the first droplet ejector and the second droplet ejecior
may ocour after a hold time of fluid in the chamber. Thatis, input fluid may be
allowed time {o mix, react, concentrate, accumulate, or undergo other fluid
manipulation prior to fluid being drawn from the chamber. The seguencing of
gjection of droplets at the first droplet gjector and the second droplet sjector
may be based on the sequenced input flow of the different fluids into the
chamber. That is, a plurality of DNA/RNA samples may be provided o the

chamber at different times. For example, a first DNA/RNA sample ejected into
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the chamber 604, after washing and elution, may be drawn from the chamber
804 to the first target microfluidic network 108 by activation of the first droplet
gjector 112. Subsequently, a second DNA/RNA sample ejected into the
chamber 604, after washing and elution, may be drawn from the chamber 604 to
the second target microfluidic network 110 by activation of the second droplet

ejector 114.

(00871 Al block 708, the first and second target microfiuidic networks are
controlled to perform an anabytical process with fluid provided by action of the
first and second droplet ejectors. For example, a PCR process may be
performed by controlling a heater 0 temperaiure cycle fluid containing a
DNA/RNA sample. A first portion of a nucleic acid testing process may be
performed at the first target microfiuidic network and a second portion of the
nucleic acid testing process may be performed at the second target microfluidic
network. For example, each of a plurality of working DNA/RNA samples
provided to the chamber 604 in seguence may be drawn into the respective
target microfluidic network 108, 110 in sequence to perform a plurality of PCR
processes in a time-staggered and paraliel manner. The plurality of working
DNA/RNA samples are contemplated to be from the same origin to avoid
contamination. For example, an gjection unit 802 may be loaded with an original
DNA/RNA sample that is to be analyzed by seguenced dispensing of working
samples into the chamber 102. Samples may differ in concentration,

preparation (e.g., isclation, washing, elution, efc.), or other parametear.

[G088]  The method 700 may be repeated for different input fluids, different
input fluid seguences, different fluid manipulations in the chamber, different
output fluid sequences, or different operations of a target microfiuidic network,
via block 710. The method 700 then ends at block 712.

(00891  As should be apparent from the above, dropiet gjectors or arrays
thereof are used o input fluid to a mesofluidic chamber and draw fluid from the
mesofluidic chamber according to a coniroliable seqguence. Different fluid flow

paths through different downstream targeis may be decoupled from each other
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and further may be decoupled from flow paths into the mesofluidic chamber.
The mescfluidic chamber may be used to mix, react, accumulate, concentraie,
or perform other fluid manipulation on different inputted fluids. Input fluid flow
and fluid flow through different downstream targets may be sequenced
according to the needs of an analytical process implemented, such as a nucleic

acid testing process.

[C0e0] it should be recognized that features and aspecis of the various
examples provided above can be combined into further examples that also fall
within the scope of the present disclosure. In addition, the figures are not to

scale and may have size and shape exaggerated for illusirative purposes.
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CLAIMS

1. A method comprising:

providing fluid 10 a chamber, the chamber feeding a first channel
terminating at a first droplet ejector and a second channel terminaling at a

second droplet gjector;

sequencing ejection of droplets at the first droplet gjector and the second
droplet gjector to induce negative pressure o provide a sequenced output flow
of the fluid through the first channel {0 a first target microfluidic nefwork and

through the second channel 1o a second target microfluidic network; and

controlling the first and second target microfividic networks to perform an

analytical process with the fluid.

2. The method of claim 1, comprising providing different fluids o the chamber
according to a sequenced input flow, in which different fluids are infroduced to

the chamber at different times.

3. The method of claim 2, further comprising sequencing sjection of droplets at
the first droplet ejector and the second droplet ejecior based on the sequenced

input flow of the different fluids.

4. The method of claim 2, further comprising ejecting the different fluids into the

chamber using different droplet gjeciors.

5. The method of claim 1, further comprising sequencing ejection of droplets at
the first dropiet gjector and the second droplet gjector based on a hold time of

the fluid in the chamber or a determined volume of fluid in the chamber.

8. The method of claim 1, further comprising performing a first poriion of a
nucleic acid testing process at the first target microfiuidic network and
performing a second portion of the nucleic acid testing process at the second

target microfiuidic network.

7. A device comprising:
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a non-transitory machine-readable medium including instructions that
when executed by a processor cause the processor {o:

control input of a fluid to a chamber, the chamber feeding a first
channel terminating at a first droplet gjector and a second channel
terminating at a second droplet ejector;

sequence an sjection of droplets at the first droplet ejector and the
second droplei gjector to induce negative pressure to provide a
sequenced output flow of the fluid through the first channei {o a first
target microfluidic network and through the second channel to a second

target microfluidic network; and

initiate an analytical process at the first and second target
microfiuidic networks,

8. The device of claim 7, wherein the insiructions are further to sequence input

flow of different fluids into the chamber at different times.

8. The device of claim 8, wherein the instructions are further {0 sequence
gjection of droplets at the first droplet ejector and the second droplet gjecior

based on the sequenced input flow of the different fluids.

10. The device of claim 7, wherein the instructions are further to delay ejection
of droplets at the first droplet gjector and the second dropilet ejector by a hold
time of the fluid in the chamber.

11. The device of claim 7, wherain the instructions are further to initiate a

nucleic acid testing process as the analytical process.

12. The device of claim 11, wherein the instructions are further 0 perform a first
portion of a nucleic acid testing process at the first target microfluidic network
and perform a second portion of the nucleic acid testing process at the second

target microfiuidic network.

13. The device of claim 7 further comprising:
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the processor electrically connecied to the non-transitory machine-

readable medium; and

an interface electrically connecied {o the processor, the interface to
receive electrical connection of a removable cartridge, the removable cartridge
including the chamber, the first channel, the first droplet ejecior, the second
channel, the second droplet ejector, the first target microfluidic network, and the

second target microfluidic network.

14. The device of claim 13, further comprising an input droplet ejector to provide
the fluid to the chamber.

15. A device comprising:
a housing;
a chamber at the housing, the chamber 1o receive a fluid;
a first channel communicating with the chamber;

a first target microfluidic network communicating with the first channel,
the first target microfiuidic network to perform an analytical process with the
fluid:

a first droplet ejector at an end of the first channel;
a second channel communicating with the chamber;

a second target microfiuidic network communicating with the second
channel, the second target microfluidic network 1o cooperate with the first target

microfluidic network to perform the analytical process;
a second droplet ejecior at an end of the second channel; and

a signal interface at the housing and elecirically connected {o the first and

second droplet gjectors {0 receive a signal 1o sequence gjection of droplets at



WO 2019/209374 PCT/US2018/062365

24

the first and second droplet ejectors to draw the fiuid through to first and second

target microfiuidic networks.
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