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FLUID PROCESSING BEVICE AND METHOD

BACKGROUND

[0001] Fluid processing, such as multi-step fluid processing of multiple samples of a fluid, is
susceptible to issues including human error, equipment error {e.g., inconsistencies in processing
volumes or timing), cross contamination, and environmental contamination. These issues can lead
to errors such as errors in calculation, measurement, identification, analysis, or actuation, which can
produce, for example, imprecise or inaccurate results and inconsistent sarple preparations. These
issues are amplified by the requirement for sophisticated fluid processing equipment in conventional
fluid processing techniques and devices. Additionally, conventional tluid processing techniques and

devices are time-consuming and expensive,

[0002] Therefore, a need exists for a fluid processing device and method that can perform
multi-step tluid processing of multiple fluid samples (e g, multiple samples of a single fluid) to
efficiently produce precise and accurate results, prepare consistent processed fluid samples, and
avoid issues of human error, equipment error, and contamination. A need also exists for such a
device and method to be contained in a low-cost consumable that can replace multiple pieces of
expensive conventional fluid processing equipment and can provide automated sample preparation

tor processes such as next generation sequencing (INGS).

SUMMARY
[0003] The following presents a simplified sumamary in order to provide a basic
understanding of some aspects described herein. This summary 1s not an extensive overview of the
claimed subject matter. It 15 intended to neither identity key or critical elements of the claimed
subject matter nor delineate the scope thereof. Its sole purpose is to present some conceptsin a

simplified form as a prelude to the more detailed description that is presented later.

[0004] Aspects of the disclosure encompass a fluid processing device comprising two or
more fluid channels and at least a first processing station. The first processing station may include a
first process pump assembly associated with each of the two or more tluid channels and a first
process chamber associated with each of the two or more fluid channels, wherein the first process
purnp assemblies of the first processing station are configured to be operable in unison to

simultaneously move a fluid through a portion of each associated fluid channel and into each first
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process chamber of the associated fluid channel. The first processing station may further include a
first reagent pump assembly associated with each of the two or more fluid channels, a first reagent
input well associated with each of the two or more fluid channels, and a first reagent channel
associated with each first reagent input well connecting each first reagent input well to the first
process chamber of the associated fluid channel. The first reagent pump assemblies of the first
processing station are configured to be operable in unison to simultaneously move a reagent from
each first reagent input well of the associated fluid channel through the associated reagent channel

and into each first process chamber of the associated fluid channel.

[0005] According to further aspects of the disclosure, the fluid processing device may
include a sample input well associated with each of the two or more fluid channels, wherein the first
process pump assemblies of the first processing station are configured to be operable tn unison to
simultaneously move a fluid sample from each sample input well of the associated fluid channel
through a portion of the associated fluid channel and into each first process chamber of the

associated fluid channel.

[0006] According to further aspects of the disclosure, the fluid processing device may
include a sample output well associated with each of the two or more fluid chaonels and a second
processing station including a second process pump assembly associated with each of the two or
more fluid channels. The second process pump assemblies of the second processing station are
configured to be operable in unison to simultanecusly move a fluid through a portion of each

associated fluid channel and into each sample cutput well of the associated fluid channel.

[0007] According to further aspects of the disclosure, the fluid processing device may
include one or more mtermediate processing stations disposed between the first processing station
and the second processing station. Each intermediate processing station may include an
intermediate process purp asserbly associated with each of the two or rore fluid channels and an
intermediate process chamber associated with each of the two or more fluid channels. The
intermediate process pump assemblies of each intermediate processing station are configured to be
operable in unison to stimultanecusly move a fluid from a process chamber of a preceding one of the
processing stations through a portion of each associated fluid channel and into each intermediate
process chamber of the intermediate processing station. Hach intermediate processing station may
further include an intermediate reagent pump assembly associated with each of the two or more fluid

channels, an intermediate reagent input well associated with each of the two or more fluid channels,
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and an intermediate reagent channel associated with each intermediate reagent input well connecting
each intermediate reagent input well to the intermediate process chamber of the associated fluid
channel. The intermediate reagent pump assemblies of the intermediate processing station are
configured to be operable in unison to simultaneously move a reagent from each intermediate
reagent input well of the associated fluid channel through the associated intermediate reagent
channel and into each intermediate process chamber of the associated fluid channel. In some
examples, the fluid processing device may include five intermediate processing stations disposed

between the first processing station and the second processing station.

[0008] In some examples, each of the first, second, and intermediate process pump
assemblies may include a process stator defining a process pump chamber and a process chamber
port tn communication with the process pump chamber, a process plunger disposed within the
process pump chamber and connected to a process plunger rod, and a process valve coupled to the
process stator. The process plunger ts movable via the process plunger rod within the process pump
chamber in a first direction drawing fluid into the process pump chamber through the process
chamber port or a second direction expelhog fluid from the process pump chamber through the
process chamber port. The process valve is movable between a first position fluidly connecting the
process chamber port to an upstream portion of the associated thuid channel and a second position
fluidly connecting the process chamber port to a downstream portion of the associated fluid channel,
wherein the downstream portion of the associated fluid channel is in fluid communication with the
associated process chamber or the associated sample output well. In some examples, the process
valve may include a rotor that 1s rotatably mounted with respect to the process stator for rotational

movement between the first position and the second position,

[0009] In some examples, each of the first and intermediate reagent pump assemblies may
include a reagent stator defining a reagent pump chamber and a reagent chamber port in
corarunication with the reagent pump chamber, a reagent plunger disposed within the reagent pump
chamber and connected to a reagent plunger rod, and a reagent valve coupled to the reagent stator.
The reagent plunger is movable via the reagent plunger rod within the reagent pump chamberin a
first direction drawing fluid into the reagent pump chamber through the reagent chamber port or a
second direction expelling tluid from the reagent pump chamber through the reagent chamber port.
The reagent valve is movable between a first position fluidly connecting the reagent chamber port to

the associated reagent input well and a second position fluidly connecting the reagent chamber port
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to the associated process chamber. In some examples, the reagent valve may include a rotor that is
rotatably mounted with respect to the reagent stator for rotational movement between the first

position and the second posttion.

[0010] In some examples, the process pump assemblies of each of the first, second, and
intermediate processing stations may include a single process plunger rod, and all of the process
plungers of the process pump assemblies of each processing station are attached to the single
process plunger rod, so that axial movement of the single process plunger rod effects simultaneous
movement of the process plungers within their respective process purop chambers in their respective
first and second directions. In some examples, the reagent pump assemblies of each of the first and
intermediate processing stations may include a single reagent plunger rod, and all of the reagent
plungers of the reagent pump assemblies of each processing station are attached to the single reagent
plunger rod, so that axial movement of the single reagent plunger rod effects simultaneous
movement of the reagent plungers within their respective reagent pump chambers in their respective

first and second directions.

[0011] In some examples, the process pump assemblies of each of the first, second, and
intermediate processing stations may include a process valve rod, and all of the process valves of the
process pump assemblies of each processing station are coupled to the process valve rod, so that
movement of the process valve rod effects simultaneous movement of the process valves between
their respective first and second positions. In some examples, the reagent pump assemblies of each
of the first and intermediate processing stations may include a reagent valve rod, and all of the
reagent valves of the reagent pump assemblies of each processing station are coupled to the reagent
valve rod, so that movement of the reagent valve rod effects simultaneous movement of the reagent

valves between their respective first and second positions.

[0012] Aspects of the disclosure also encompass a method for processing fhnd, such as by
processing a fluid via the fluid processing device. According to further aspects of the disclosure, the
method may include processing multiple samples of a fluid simultaneously and in unison, wherein
each of the multiple samples is processed separately in one of the two or more fluid channels of the

tluid processing device.

[0013] Other features and characteristics of the subject matter of this disclosure, as well as

the methods of operation, functions of related elements of structure and the combination of parts,
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and economies of manufacture, will become more apparent upon consideration of the following
description and the appended claims with reference to the accompanying drawings, all of which
form a part of this specification, wherein like reference numerals designate corresponding parts in

the various figures.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are incorporated herein and form part of the
specification, illustrate various examples of the subject roatter of this disclosure. In the drawings,

like reference numbers indicate identical or functionally similar elements.

[0015] FIG. 1 is a top plan view of a fluid processing cassette embodying concepts disclosed

herein, with a top plate of the fluid processing cassette removed.

[0016] FIG. 2 1s a top perspective view of the fluid processing cassette.

[0017] FIG. 3 15 a bottom perspective view of the fluid processing cassette.

[0018] FIG. 4 1s a bottom perspective view of a top plate of the fluid processing cassette.
[0019] FIG. 5 is a top perspective view of a base plate of the fluid processing cassette.
[0020] FIG. 6 is a perspective view of a gasket of the fluid processing cassette.

[0021] FIG. 7 is a partial perspective, cross-sectional view of the fluid processing cassette

along the line A-A 10 FIG. 2.

[0022 FIG. 8 15 an exploded top perspective view of a stator assembly of the fluid

processing cassette.

[0023] FIG. 915 an exploded bottom perspective view of the stator assembly.
[0024] FIG. 1015 a top perspective view of a stator seal of the stator assembly.
[0025] FIG. 11 15 a top perspective view of pump assemblies, with rotor components

removed, of the fluid processing cassette.

[0026] FIG. 12 is a top perspective, cross-sectional view of the pump assemblies, with rotor

coruponents removed, along the line B-B in FIG. 11,
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[0027] FIG. 13 is a top perspective view of an upper rotor of the fluid processing cassette.
[0028] FIG. 14 1s a bottom perspective view of the upper rotor.
[0029] FIG. 15 1s a top perspective view of the pump assemblies of the fluid processing
cassette.
[0030] FIG. 1615 a top perspective, cross-sectional view of the pump assemblies along the
line C-C in FIG. 15
[0031] FIG. 17 15 an exploded top perspective view of the fluid processing cassette.
[0032] FIG. 18 shows a partial bottom plan view of a base plate, including fluid channels
and ports formed in the bottom of base plate.
[0033] FIG. 19 shows a partial bottom plan view of a base plate with the base plate film

removed and with the lower rotor in a first position.

[0034] FIG. 20 shows a partial bottom plan view of a base plate with the base plate film
removed and the lower rotor in the first position and showing fluid movement by solid fluid path

arrows and dashed fluid path arrows.

[0035] FIGS. 21-24 are exploded bottom perspective views of a bottom stator and rotor
asserubly of the fluid processing cassette showing ditferent fluid movement paths through the

bottom stator and the rotor assembly.

[0036] FIG. 25 shows a partial bottom plan view of a base plate with the base plate film

removed and with the lower rotor in a second position.

[0037] FIG. 26 shows a partial bottom plan view of a base plate with the base plate film
removed and the lower rotor in the second position and showing fluid movement by solid fluid path

arrows and dashed fluid path arrows.

[0038] FIG. 27 shows a partial top plan view of top plate, including fluid channels and ports

formed on the top of top plate

[0039] FIG. 28 shows a partial top plan view of top plate, including fluid chanuels and ports

formed on the top of top plate with the top film removed and with the upper rotor in a first position.
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[0040] FIG. 29 shows a partial top plan view of top plate, including fluid channels and ports
tormed on the top of top plate with the top film removed and with the upper rotor in the first
position and showing fluid movement by solid fluid path arrows, dashed fluid path arrows, and

dotted fluid path arrows.

[0041] FIGS. 30-33 are exploded top perspective views of a top stator and rotor assembly of
the fluid processing cassette showing different fhnd movement paths through the top stator and the

rotor assembly.

[0042] FIG. 34 shows a partial top plan view of top plate, including fluid channels and ports
formed on the top of top plate with the top film removed and with the upper rotor in a second

position.

[0043] FIG. 35 shows a partial top plan view of top plate, including fluid channels and ports
formed on the top of top plate with the top film removed and with the upper rotor in the second

posttion and showing fluid movement by solid fhud path arrows and dashed tluid path arrows.

[0044] FIG. 36 1s a top perspective view of an actuator device for actuating the fluid

processing cassette.

[0045] FIG. 37 is a perspective view of rotor rod actuators of the actuator device.
[0046] FIG. 38 is a perspective view of plunger rod actuators of the actuator device.
[0047] FIG. 39 1s a top perspective view of the rail and actuator components of the actuator

device positioned relative to the fluid processing cassette to actuate the internal components of the

fluid processing cassette.

[0048] FIG. 40 is a bottom perspective view of two flex circuit heaters and two sets of
magnets and magnet lifters of the actuator device positioned relative to the fluid processing cassette
to perform temperature control and magnet control in two respective processing stations of the fluid

processing cassette.

[0049] FIG. 41 1s a perspective view of rail and actuator components of the actuater device,

including a magnet lift actuator.

[00S0] FIG. 42 15 an exploded top perspective view of a flex circuit heater and set of
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magnets and magnet lifter of the actuator device positioned relative to a partial perspective, cross-

sectional view of the fluid processing cassette along the line A-A in FIG. 2, similar to FIG. 7.

[0051] FIG. 43 1s a schematic diagram illustrating a general overview of operation of the

fluid processing cassette.

[0052] FIG. 44 15 a schematic diagram tlusirating operation of various processing stations

within the fluid processing cassette.
DETAILED DESCRIPTION

[0053] While aspects of the subject matter of the present disclosure may be embodied in a
variety of forms, the following description and accorapanying drawings are merely intended to
disclose some of these forms as specific examples of the subject matter. Accordingly, the subject
matter of this disclosure is not intended to be limited to the torms or examples so described and

illustrated.

[0054] Unless defined otherwise, all terms of art, notations and other technical terms or
terminology used herein have the same meaning as is commonly understood by one of ordinary skill
in the art to which this disclosure belongs. All patents, applications, published applications and
other publications referred to herein are incorporated by reference in their entirety. f a definition
set forth 1o this section is contrary to or otherwise inconsistent with a definttion set forth 1o the
patents, applications, published applications, and other publications that are herein incorporated by
reference, the definition set forth in this section prevails over the definition that is incorporated

herein by reference.

[0055] Unless otherwise indicated or the context suggests otherwise, as used herein, “a” or

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

[0056] This description may use relative spatial and/or orientation terms in describing the
position and/or orientation of a compounent, apparatus, location, feature, or a portion thereot. Unless
specifically stated, or otherwise dictated by the context of the description, such terms, including,
without limitation, top, bottom, above, below, under, on top of, upper, lower, left of, right of, in
front of, behind, next to, adjacent, between, horizontal, vertical, diagonal, longitudinal, transverse,
radial, axial, etc, are used for convenience in referring to such component, apparatus, location,

feature, or a portion thereof in the drawings and are not intended to be limiting,
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[0057] Furthermore, unless otherwise stated, any specific dimensions mentioned in this
description are merely representative of an example implementation of a device embodying aspects

of the disclosure and are not intended to be limiting.

[0058] The use of the term “about” applies to all numeric values specified herein, whether or
not explicitly indicated. This term generally refers to a range of nurmbers that one of ordinary skill
in the art would consider as a reasonable amount of deviation to the recited numeric values (i.¢e.,
having the equivalent function or result) in the context of the present disclosure. For example, and
not intended to be limiting, this term can be construed as including a deviation of =10 percent of the
given numeric value provided such a deviation does not alter the end function or result of the value.
Therefore, under some circumstances as would be appreciated by one of ordinary skill in the art a

value of about 1% can be construed to be a range from 0.9% to 1. 1%.

[0059] As used herein, the term “adjacent” refers to being near or adjoining. Adjacent
objects can be spaced apart from one another or can be in actual or direct contact with one another.
In some instances, adjacent objects can be coupled to one another or can be formed integrally with

one another.

[0060] As used herein, the term “proximate” refers to being near, adjoining, or separated by
a relatively or functionally small distance or space. For example, a first object that is proximate to a
second object can be in contact with the second object or can be within a distance of the second
object such that the distance or space from the first object to the second object allows for the two
objects to serve thetr respective functions or exhibit their respective characteristics in accordance

with this disclosure.

[0061] As used herein, the terms “substantially” and “substantial” refer to a considerable
degree or extent. When used in conjunction with, for example, an event, circumstance,
characteristic, or property, the terms can refer to instances in which the event, circumstance,
characteristic, or property occurs precisely as well as instances in which the event, circumstance,
characteristic, or property occurs o a close approximation, such as accounting for typical tolerance

levels or variability of the examples described herein.

[0062] As used herein, the terms “optional” and “optionally” mean that the subsequently
described, component, structure, element, event, circumstance, characteristic, property, etc. may or

may not be included or occur and that the description includes instances where the component,
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structure, element, event, circumstance, characteristic, property, etc. 1s included or occurs and

instances in which it is not or does not.

[0063] According to various examples, assemblies and devices as described herein may be
used in combination with a fluid cartridge that may comprise one or more fluid processing
passageways including one or more elements, for example, one or more of a channel, a branch
channel, a valve, a flow splitter, a vent, a port, an access area, a via, a bead, a reagent containing
bead, a cover layer, a reaction component, any combination thereof, and the like. Any element may

be in {luid communication with another element.

[0064] All possible combinations of elements and components described in the specification
or recited in the claims are contemplated and considered to be part of this disclosure. It should be
appreciated that all combinations of the foregoing concepts and additional concepts discussed in
greater detail below {(provided such concepts are not mutually inconsistent) are contemplated as
being part of the subject matter disclosed herein. In particular, all combinations of claimed subject
matter appearing at the end of this disclosure are contemplated as being part of the subject matter

disclosed herein.

[0065] In the appended claims, the term “including” is used as the plain-English equivalent
of the respective term “comprising.” The terms “comprising” and “including” are intended herein to
be open-ended, including not only the recited elements, but further encompassing any additional
clements. Moreover, in the following claims, the terms “first,” “second,” and “third,” etc. are used

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

[0066] The term "thud communication" means either direct fluid communication, for
example, two regions can be in fluid communication with each other via an unobstructed fluid
processing passageway connecting the two regions or can be capable of being in fluid
communication, for example, two regions can be capable of fluid communication with each other
when they are connected via a fluid processing passageway that can comprise a valve disposed
therein, wherein flutd communication can be established between the two regions upon actuating the
valve, for example, by dissolving a dissolvable valve, bursting a burstable valve, or otherwise

opening a valve disposed in the fluid processing passageway.

[0067] There 1s a need for a fluid processing device capable of processing multiple fluid

samples efficiently and with minimal human or equipment error. Fluid processing can include, for
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example, fluid analysis or fluid sample preparation, such as sample preparation for next generation
sequencing {(NGS). NGS sample preparation, for example, 1 an expensive, fime-consuming process
(e.g., 1 to 3 days) and requires sophisticated lab facilities. Moreover, NGS sample preparation and
other conventional fluid processing technigues and devices are susceptible to human error,

equipment error or failure, cross contamination, and environmental contamination,

[0068] Aspects of the disclosure encompass a novel fluid processing device capable of
processing multiple fluid samples simultaneously in separate but similar fluid channels via identical
processing steps, thereby increasing efficiency, avoiding inconsistencies, and lowering costs. The
fluid processing device can be contained in a consumable, such as a single-use consumable, that
replaces multiple separate pieces of expensive equipment associated with conventional fluid
processing techniques. For example, the fluid processing device can automate sample preparation
tor NGS. The fluid processing device is suitable for fluid processing or sample fluid preparation of
a variety of fluids, including initial sample preps (ISPs) of DNA samples, saliva, and Formalin-fixed
paraffin-embedded (FFPE) tissue. Further, environmental contamination is avoided, for example,
by sealing the fluid processing device and minimizing contact between the fluid channels of the
tluid processing device and external processing equipment. Cross contamination is avoided, for
example, by removing any fluid communication between the fluid channels of the thud processing

device.

[0069] The fluid processing device can comprise two or more fluid channels, such as three,
four, five, six, seven, eight, nine, ten, or more than ten fluid channels. A fluid channel can be
separate from all other fluid channels such that there is no fluid communication between the fluid
channel and all other fluid channels, which can avoid cross contamination and obviate the need for
buffer wash or waste collection. Two or more fluid channels can be associated with or coraprise
identical or substantially similar components, such as components with identical or similar volumes,
shapes, lengths, sizes, or relative positioning. Two or more fluid chanvels can be associated with an
identical or similar number of components, and the associated components can be in an identical or
similar order in the two or more fluid channels. In some embodiments, all fluid channels of the flind
processing device are associated with corresponding components with identical volume fluid paths

arranged in the same order in each tluid channel.

[0070] The fluid processing device can comprise a sample input component associated with

each fluid channel, such as a sample input well, channel, chamber, port, or other fluid input element.
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The fluid processing device can comprise a sample output component associated with each fluid
channel, such as a sample output well, channel, chamber, port, or other fluid ocutput element. A fluid
channel in the fluid processing device can comprise or be associated with fluid components such as

a pathway, channel, vessel, port, receptacle, chamber, well, valve, rotor, or other fluid component.

[0071] The fluid processing device can comprise two OF more processing stations. A
processing station can be associated with two or more fluid channels of the fluid processing device,
and each processing station can be configured to perform at least one processing step on a fluid in
each of the associated fluid channels. The processing step(s) of a processing station can be
performed identically and simultaneocusly on a fluid in each of the associated fluid channels. A
processing step can comprise moving a fluid, retaining a tluid, adding one or more reagents to a
thuid, removing one or more waste substances from a fluid, performing temperature control {e.g.,
heat) to the fluid, or performing a magnetic procedure, such as a magnetic separation procedure, to
the flutd. Temperature control can be performed by air flow and/or a thin film heater, such that the
temperature control can control an elevated reaction temperature or thermal cycling (e.g., for
purposes of polymerase chain reaction (PCR)). Magnetic control can be performed using a
permanent magnet, for example, by changing the distance between a permanent magnet and fluid in

a fluid channel.

[0072] For example, a fluid processing device can comprise eight separate fluid channels
and six processing stations each associated with all eight fhud channels. This fluid processing
device can receive one of eight identical sample fluids into each of the eight fluid channels (e g, via
a sample input well associated with each fluid channel) and each of the six processing stations in
turn can simultanecusly perform processing steps identically to the sample fluid in each fluid
channel, such that the sample tluids in the eight fluid channels are all subjected to the same
processing steps at the same times. Once the sample fluids have been processed by all six
processing stations in turn, each processed sample fluid can be removed from the fluid processing
device (e.g., via a sample output well associated with each fluid channel}. The separate fluid
channels avoid cross contamination, and the simultaneous, identical processing of each sample fluid

avoids inconsistencies between the processed sample fhuds.

[0073] The fluid processing device can comprise at least a first processing station. The first
processing station can be configured to process a fluid in each of two or more fluid channels. The
§ & &

first processing station can comprise a first process chamber or other similar component (e g, cell,
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vessel, channel, compartment, or receptacle) associated with each of two or more fluid channels.
The first processing station can further comprise a first process pump assembly associated with each
of two or more fluid channels. The first process pump assemblies can be configured to perform one
or more processing steps to a fluid in each associated fluid channel, such as move a fluid through a
portion of each associated fluid channel or move a waste substance through a portion of each
associated fluid channel. The first process pump assemblies can be configured to be operable in
unison to simultaneously perform a processing step to a fluid 10 each associated fluid channel. The
processing step can be, for example, moving a thuid downstream in each associated fluid channel
into a first process chamber of the associated fluid channel from a portion of the associated fluid
channel that is upstream from the first process chamber, such as a sample input well of the
associated fluid channel. The processing step can be, for example, moving waste upstream into a
sample input well, the first process chamber of the first processing station, or the first process pump
assembly of the first processing station from a portion of the associated fluid channel that is
downstream from the sample input well, the first process chamber of the tfirst processing station, or
the first process pump assembly of the first processing station. For example, molecules of interest in
sarople flutd may be held stationary, such as by binding the molecules of interest (such as DNA) to
ferromagnetic particles (e.g., magnetic beads) that are held stationary by magnets in proximity to the
first process chamber of the first processing station, while the first process pump assembly of the
first processing station moves waste from the first process chamber upstream into a sample input
well or upstream into the first process pump assembly. This allows the fluid to be washed away thus
magnetic beads and send that fluid on to the next processing step. The magnetic beads are in a fluid

that 13 added to the reagent input well

[0074] The first processing station can further comprise a first reagent input component
associated with each of two or more fluid channels, such as a reagent input well, channel, chamber,
port, or other reagent input element. In some embodiments, the first reagent input component can be
a first reagent input well. The first processing station can comprise a first reagent channel
associated with each first reagent input well. A first reagent channel can comprise one or more tluid
passageway elements, such as fluid channels, ports, or valves. A first reagent tnput well associated
with a fluid channel can be connected via an associated first reagent channel to a first process
chamber of the associated fluid channel. The first processing station can further comprise a first

reagent pump assembly associated with each of two or more tluid channels. The first reagent pump
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assemblies can be configured to perform a processing step of moving a reagent {e.g., a reagent
including magnetic beads), such as from a reagent input well of an associated fluid channel to a first
process chamber of the associated fluid channel, for example via a first reagent channel associated
with the reagent input well. The first reagent pump assemblies can be configured to be operable in

unison to simultaneously move a reagent in each associated fluid channel.

{0075 The fluid processing device can comprise one or more intermediate processing
stations. An intermediate processing station can be disposed between a first processing station and
an end processing station. An interruediate processing station can be configured to process a fluid in
each of two or more fluid channels, such as a portion of each of the two or more fluid channels that
is downstream from a first processing station but upstream from an end processing station. An
intermediate processing station can comprise an intermediate process chamber or other similar
component {e.g., cell, vessel, channel, compartment, or receptacle) associated with each of two or
more fluid channels. An intermediate processing station can further comprise an intermediate
process pump assembly associated with each of two or more fluid channels. The intermediate
process pump assemblies of an intermediate processing station can be configured to perform one or
more processing steps to a fluid in each associated fluid channel, such as move a fluid through a
portion of each associated fluid channel or move a waste substance through a portion of each
associated fluid channel. The intermediate process pump assemblies can be configured to be
operable in unison to simultaneously perform a processing step to a fluid in each associated fluid
channel. The processing step can be, for example, moving a fluid downstream in each associated
tluid channel into an intermediate process chamber of the associated fluid channel from a portion of
the associated fluid channel that is upstream from the intermediate process chamber, such as a
process chamber of a preceding processing station, for example a first process chamber of the first
processing station or an intermediate process chamber of a preceding intermediate processing
station. The process step can be, for example, moving waste upstream into a preceding processing
station {e.g., a process chamber or process pump assembly of the preceding processing station), the
intermediate process chamber of the intermediate processing station, or the intermediate process
pump assembly of the intermediate processing station from a portion of the associated fluid channel
that is downstream from the preceding processing station, the intermediate process chamber of the
intermediate processing station, or the intermediate process pump assembly of the intermediate
processing station. For example, a bead purification process can be performed 1o the intermediate

process chamber of the intermediate processing station while the intermediate process pump
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assembly of the intermediate processing station moves waste from the intermediate process chamber
upstream into a preceding processing station or upstream into the intermediate process pump

assembly.

[0076] FEach intermediate processing station can further comprise an intermediate reagent
input component associated with each of two or more tluid channels, such as an intermediate reagent
input well, channel, chamber, port, or other reagent input element. In some embodiments, the
intermediate reagent input component can be an intermediate reagent input well. An intermediate
processing station can comprise an intermediate reagent channel associated with each intermediate
reagent input well. An intermediate reagent channel can comprise one or more fhud passageway
elements, such as fluid channels, ports, or valves. An intermediate reagent input well associated
with a fluid channel can be connected via an associated intermediate reagent channel to an
intermediate process chamber of the associated fluid channel. An intermediate processing station
can further comprise an intermediate reagent pump assembly associated with each of two or more
fluid channels. The intermediate reagent pump assemblies can be configured to perform a
processing step of moving a reagent (e.g., a reagent including magnetic beads or wash buffer), such
as from an intermediate reagent input well of an associated tluid channel to an intermediate process
chamber of the associated fluid channel, for example via an intermediate reagent chanvel associated
with the intermediate reagent input well. The intermediate reagent pump assemblies can be
configured to be operable in unison to simultaneously move a reagent in each associated tluid

channel.

[0077] The fluid processing device can comprise an end processing station. The end
processing station can be configured to process a fluid in each of two or more fluid channels. The
end processing station can comprise an end process chamber or other similar component (e.g., cell,
vessel, channel, compartment, or receptacle) associated with each of two or more fluid channels.
The end processing station can comprise a sample output component (e g., sample output well)
associated with each of two or more fluid channels, such as a sample output well, channel, chamber,
port, or other fluid output element. The end processing station can comprise an end process pump
assembly associated with each of two or more fluid channels. The end process pump assemblies can
he configured to perform one or more processing steps to a fluid in each associated fluid channel,
such as move a fluid through a portion of each associated fluid channel or move a waste substance

through a portion of each associated tluid channel. The end process pump assemblies can be
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contigured to be operable in unison to simultaneously perform a processing step to a fluid in each
associated fluid channel. The processing step can be, for example, moving a fluid downstream in
each associated fhuid channel into a sample output well of the associated fluid channel from a
portion of the associated fluid channel that 1s upstream from the sample output well, such as a
process chamber of a preceding processing station, for example a first process chamber of the first
processing station or an intermediate process chamber of a preceding intermediate processing
station. The process step can be, for example, moving waste upstream into a preceding processing
station {e.g., a process chamber or process pump assembly of the preceding processing station), the
end process chamber of the end processing station, or the end process purnp assernbly of the end
processing station from a portion of the assoctated fluid channel that is downstream from the
preceding processing station, the end process chamber of the end processing station, or the end
process pump assembly of the end processing station. For example, a bead purification process can
be performed in the end process chamber of the end processing station while the end process pump
assembly of the end processing station moves waste from the end process chamber upstream into a
preceding processing station or upstream into the end process pump assembly. In some
embodiments, the end processing station does not does not comprise an end process chamber or
similar component associated with each of two or more fluid channels. In some embodiments, the
end processing station does not comprise an end reagent input component, end reagent channel,
and/or end reagent pump assembly associated with each of two or more fluid channels. In some
embodiments, the end processing station can comprise an end reagent input component, end reagent
channel, and/or end reagent pump assembly associated with each of two or more fluid channels. In
some embodiments, end reagent-related features perform no fluid function {e.g., the end reagent-

related features are vented to atmosphere) and/or serve a structural or assembly purpose.

[0078] In some examples, the fluid processing device comprises multiple intermediate
processing stations, such as a first intermediate processing station and a second intermediate
processing station. In some examples, the fluid processing device comprises three, four, five, six,
seven, etght, nine, ten, or more than ten intermediate processing stations. Multiple intermediate
processing stations can perform one or more processing steps in turn. For example, a first
processing station can perform processing steps on a fluid sample in each of two or more associated
tluid channels by moving the fluid samples from sample input wells to first process chambers of the
first processing station via first process pump assemblies and moving reagents into the first process

chambers via first reagent pump assemblies; then a first intermediate processing station can perform
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processing steps on the fluid samples in each of the two or more associated fluid channels by
moving the fluid samples to first intermediate process chambers of the first intermediate processing
station via first intermediate process pump assemblies and moving reagents into the first
intermediate process chambers via first intermediate reagent pump assemblies; then a second
intermediate processing station can perform processing steps on the fluid samples in each of the two
or more associated fluid channels by moving the fluid samples to second intermediate process
chambers of the second intermediate processing station via second intermediate process pump
assemblies and moving reagents into the second intermediate process chambers via second
intermediate reagent pump assemblies; and then an end processing station can performu a processing
step on the fluid samples in each of the two or more associated fluid channels by moving the fluid

samples to sample output wells.

[0079] In some embodiments, a first process pump assembly, an intermediate process pump
assembly, and/or an end process pump assembly comprises at least one positive displacement pump,
such as a reciprocating pump, for example a plunger pump. For example, each of these process
pump assemblies can comprise a process stator that defines at least one process pump chamber and
defines at least one process chamber port in fluid communication with the at least one process pump
chamber. In some embodiments, a single stator can comprise components of two or more process
pump assemblies. For example, a single process stator can define two or more process pump
chambers and two or more process chamber ports, such that each of the two or more process
chamber ports is in fluid communication with one of the process pump chambers, and where each
process pump chamber and associated process chamber port are components of one of the two or
more process pump assemblies. One or more process plungers can be disposed within a process
pump chamber and can be movable within the process pump chamber. A process plunger can be
connected to a process plunger rod and can be movable (e.g., axially) via the process plunger rod.
For example, movement of a process plunger within a process pump chamber in a first direction can
draw fluid into the process pump chamber through a process chamber port in thud connection with
the process pump chamber, and movement of the process plunger within the process pump chamber
in a second direction can expel fluid from the process pump chamber through the process chamber

port.

[0080] in some embodiments, two or more process pump assemblies of a processing station

{e.g., two or more first process pump assemblies of a first processing station, two or more
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intermediate process pump assemblies of an intermediate processing station, or two or more end
pump assemblies of an end processing station) comprise a single process plunger rod, and process
plungers disposed within the process pump chambers of each of the two or more process pump
assemblies are attached to the single process plunger rod such that axial movement of the single
process plunger rod effects simultaneous movement of the process plungers within their respective
process pump chambers in their respective first and second directions. Such an embodiment can
perform the same processing step sirnultaneously to fluids in fluid channels associated with the two
or more process pump assemblies, such as moving fluid into the process pump chambers or out of

the process pump chambers.

[0081] In some embodiments, a first process pump assembly, an intermediate process pump
assembly, and/or an end process pumyp assembly comprises at least one process valve. For example,
the process valve can be movable between a first position fluidly connecting a process pump
assembly to an upstream portion of an associated fluid channel and a second position thudly
connecting the process pump assembly to a downstream portion of the associated fluid channel. A
process valve can also be closed or moveable to a closed position such that fluid is retained tn or
blocked from entering or leaving components, such as an associated process chamber or a fluid
component {e.g., chamber, channel, or port) of the process pump assembly. A process valve can be
operatively coupled to a process valve rod and can be movable (e.g., rotatable) via the process valve
rod between, for example, the first position and second position. In some embodiments, the process
valve is coupled to a process stator of the process pump assembly such that the first position and
second position fluidly connect a process chamber port defined by the process stator to the upstream
portion and dowustream portion of the associated fluid channel, respectively. In some
embodiments, the process valve comprises a rotor, such as a rotor with multiple rotor ports and/or
rotor fluid paths, which is rotatable between the first position and the second position. For example,
the process valve can comprise a rotor that is rotatably mounted with respect to a process stator for
rotational movement between the first position and second position, and the process valve rod can be
a process rotor rod. In some embodiments, a single process valve is a component of two or more
process pump assemblies and can be moved between two or more positions for fluidly connecting a
first process pump of a first process pump assembly to an upstream portion of its associated thud
channel, the first process pump of the first process pump assembly to a downstream portion of its
associated fluid channel, a second process pump of a second separate process pump assembly to an

upstream portion of its associated fluid channel, and/or the second process pump of the second
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separate process pump assembly to a downstream portion of its associated fluid channel.

[0082] in some embodiments, two or more process pump assemblies of a processing station
{e.g., two or more first process pump assemblies of a first processing station, two or more
intermediate process pump assemblies of an intermediate processing station, or two or more end
pump assemblies of an end processing station} comprise a single process valve rod, and a process
valve of each of the two or more process pump assemblies is coupled to the single process valve rod
such that movement of the single process valve rod effects simultanecus movement of the process
valves between their first positions and second positions. Such an embodiment can perform the
same processing step simultaneously to fluids in fluid channels associated with the two or more
process pump assemblies, such as directing fluid movement upstream or downstream from the
process pump assemblies or blocking fluid from entering or leaving associated process chambers or

tluid components of the process pump assemblies.

[0083] In some embodiments, a first reagent pump assembly and/or an intermediate reagent
pump assermnbly comprises at least one positive displacement pump, such as a reciprocating pump,
for example a plunger pump. For example, each of these reagent pump assemblies can comprise a
reagent stator that defines at least one reagent purnp chamber and defines at least one reagent
chamber port in fluid communication with the at least one reagent pump chamber. In some
embodiments, a single stator can comprise components of two or more reagent pump assemblies.
For example, a single reagent stator can define two or more reagent pump chambers and two or
more reagent chamber ports, such that each of the two or more reagent chamber ports is in fluid
communication with one of the reagent pump chambers, and where each reagent pump chamber and
associated reagent chamber port are components of one of the two or more reagent pump
asserublies. One or more reagent plungers can be disposed within a reagent pump chamber and can
be movable within the reagent pump chamber. A reagent plunger can be connected to a reagent
plunger rod and can be movable (e.g., axially) via the reagent plunger rod. For example, movement
of a reagent plunger within a reagent pump chamber in a first direction can draw tluid into the
reagent pump chamber through a reagent chamber port in fluid connection with the reagent pump
chamber, and movement of the reagent plunger within the reagent pump chamber in a second

direction can expel fluid from the reagent pump chamber through the reagent chamber port.

[0084] In some embodiments, two or more reagent pump assemblies of a processing station

(e.g., two or more first reagent pump assemblies of a first processing station or two or more
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intermediate reagent pump assemblies of an intermediate processing station) comprise a single
reagent plunger rod, and reagent plungers disposed within the reagent pump chambers of each of the
two of more reagent pump assemblies are attached to the single reagent plunger rod such that axial
movement of the single reagent plunger rod effects simultaneous movement of the reagent plungers
within their respective reagent pump chambers in their respective first and second directions. Such
an embodiment can perform the same processing step simultaneously to fluids in fluid channels
associated with the two or more reagent pump asseroblies, such as moving reagent from reagent
input wells into the reagent pump chambers or moving reagent out of the reagent pump chambers

into process chambers,

[0085] In some embodiments, a first reagent pump assembly and/or an intermediate reagent
pump assembly comprises at least one reagent valve. For example, the reagent valve can be
movable between a first position fluidly connecting a reagent pump assembly to an associated
reagent input well and a second position flutdly connecting the reagent pump assembly to an
associated process chamber. A reagent valve can also be closed or moveable to a closed position
such that reagent is retained in or blocked from entering or leaving components, such as an
associated reagent input well, an associated process chamber, or a fluid component (e.g., chamber,
channel, or port) of the reagent pump assembly. A reagent valve can be operatively coupled toa
reagent valve rod and can be movable {e.g, rotatable) via the reagent valve rod between, for
example, the first position and second position. In some embodiments, the reagent valve is coupled
10 a reagent stator of the reagent pump assembly such that the first position fluidly connects a
reagent chamber port defined by the reagent stator to the associated reagent input well and the
second position fluidly connects the reagent chamber port to the associated process chamber. In
some embodiments, the reagent valve comprises a rotor, such as a rotor with multiple rotor ports
and/or rotor fluid paths, which 1s rotatable between the first position and the second position. For
example, the reagent valve can comprise a rotor that is rotatably mounted with respect to a reagent
stator for rotational movement between the first position and second position, and the reagent valve
rod can be a reagent rotor rod. In some embodiments, a single reagent valve is a component of two
or more reagent pump assemblies and can be moved between two or more positions for fluidly
connecting a first reagent pump of a first reagent pump assembly to a reagent input well of its
associated fluid channel, the first reagent pump of the first reagent pump assembly to a process
chamber of its associated fluid channel, a second reagent pump of a second separate reagent pump

assembly to a reagent input well of its associated fluid channel, and/or the second reagent pump of
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the second separate reagent pump assembly to a process chamber of 1ts associated fluid channel.

[0086] ln some embodiments, two or more reagent pump assemblies of a processing station
{(e.g., two or more first reagent pump assemblies of a first processing station or two or more
intermediate reagent pump assemblies of an intermediate processing station) comprise a single
reagent valve rod, and a reagent valve of each of the two or more reagent pump assemblies is
coupled to the single reagent valve rod such that movement of the single reagent valve rod etfects
simultanecus movement of the reagent valves between their first positions and second positions.
Such an erubodiment can perform the same processing step simultaneously to fluids in fluid
channels associated with the two or more reagent pump assemblies, such as directing or blocking

reagent movement from reagent input wells or directing or to associated process chambers.

[0087] In some examples, one or more process pump chambers and/or reagent pump
chambers can be sealed with a plunger rod seal. A plunger rod seal can operate in combination with
one or more plunger rods and/or one or more plungers disposed in a pump chamber to form a seal in
the pump chamber. A plunger rod seal can permit one or more plunger rods to extend through and
move through the plunger rod seal without breaking or unsealing the seal in the pump chamber or

without allowing fluid or air to escape the sealed pump.

[0088] In some examples, a stator such as a process stator or reagent stator can be coupled to
one or more stator seals, such as by welding, adhesives, or elastomeric seal. For example, a process
stator and a reagent stator can be connected to a shared stator seal. A stator seal can comprise fluid
paths, such as fluid paths formed into a surface of the stator seal, and such stator seal fluid paths can
connect or form fluid communications with fluid ports or channels of a stator to which the stator seal

13 coupled.

[0089] In some embodiments, two or more process chambers of a processing station (e.g.,
tirst processing station, intermediate processing station, or end processing station} are in fluid
communication with each other. For example, two or more process chambers of a processing station
can be combined to form a single pooled process chamber associated with two or more fluid
channels such that process fluid from the two or more fluid channels can be received into the single
pooled process chamber and process pump assemblies of the processing station associated with the
two or more fluid channels can each move process fluid into the single pooled process chamber from

portions of the associated fluid channels that are upstream from the single pooled process chamber.
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In some examples, the end processing station comprises one or more pooled process chambers and

each of the one or more pooled process charmbers is associated with a pooled output well.

[0090] In some embodiments, a component such as a rotor valve, stator, or stator seal is a
component of two or more pump assemblies of a processing station. For example, two or more
pump assemblies of a processing station can comprise a single rotor valve or a single stator. For
example, a single rotor valve can direct process fluids or reagents in two separate fluid channels, and
a single stator can define a process pump chamber and/or reagent pump chamber for each of two
separate fluid channels. In some embodiments, where a single compounent such as a rotor valve,
stator, or stator seal is a component of two or more pump assemblies, one or more of the two or
more pump assemblies can be actuated without actuating the remainder of the two or more pump
assemblies. For example, where a single stator defines a process pump chamber and/or reagent
pump chamber of a first pump assembly of a first fluid channel and defines a process pump chamber
and/or reagent pump chamber of a second pump assembly of a second separate fluid channel, the
first pump assembly of the first fluid channel can be actuated without actuating the second pump

assembly of the second separate fluid channel, and vice versa.

[0091] In some embodiments, one or more intermediate sample output wells can be
associated with a fluid channel. An intermediate sample output well can be disposed, for example,
between two processing stations of an associated a tluid channel or between a pump assembly and a
process chamber of an associated fluid channel. Intermediate sample output wells can be configured
to allow for a volume of sample process fluid to be retrieved from each of two or more fluid
channels of the fluid processing device before or after addition of a reagent to the sample process
tluids at a processing station of the fluid processing device. Sample fluids can be retrieved trom
intermediate sample output wells for purposes of quality control testing, archiving, or other fluid

analysis performed outside of the fluid processing device.

[0092] In some embodiments, the fluid processing device comprises a consumable cassette.
The cassette can comprise fluid components encapsulated or sealed within a top plate and a base
plate. The casseite can contain the following components encapsulated or sealed inside the cassette:
all fluid components, or all fluid components except for sample input components, reagent input
components, and/or sample output components, or all processing stations, or all pump assemblies.
The cassette width can be less than about 200 mm, 150 mm, 125 mm, 100 mm, 90 mm, 80mm, 70

mm, or 60 mm. The cassette length can be less than about 400 mm, 350 mum, 325 mm, 300 mm, 275
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mm, 250 mm, 225 mm, 210 mm, 200 mm, 190 mm, 180 mm, or 170 mm. In one example, the
cassette contains eight fluid channels and seven processing stations and measures 90 mm wide and
210 mun in length. In some examples, components of the cassette are stacked to decrease size and

dead volumes.

[0093] In some embodiments, the fluid processing device can be designed or sized to fit
inside a hiquid handler. The liquid handler can transfer sample fluids to the fluid processing device,
such as by depositing sample fluids into a sample input well of the device. The liguid handler can
remove processed sample fluids from the fluid processing device, such as by retrieving a processed
sample fluid from a sample output well of the device or an intermediate sample output well of the
device. The hiquid handler can transfer reagents to the tluid processing device, such as by depositing
a reagent into a reagent input well of the fluid processing device. The fluid processing device can
comprise sample input chambers or wells, reagent input chambers or wells, intermediate sample
output chambers or wells, and sample output chambers or wells that are sized and spaced to recetve
fluids from or have fluids recovered by a liquid handler, such as chambers that are positioned at

standard microtiter plate spacing {(e.g., 9 mm).

[0094] In some embodiments, components of the fluid processing device can be
mamutactured and/or assembled by simple processing {e.g., laser cutting, waterjet cutting, heat
sealing, or lubrication}, plastic molding (e.g., injection molding, blow molding, or compression
molding), welding (e.g., ultrasonic welding), adhesives, or utilizing snap joints, or some
combination of two or more of the torgoing. Components of the fluid processing device can
comprise plastic, such as polycarbonate, polypropylene, OPP (polypropylene) film, thermoplastic
urethane, thermoplastic elastomer, nylon, or polysiloxane. The fluid processing device comprises
duplicates of some components, for exarmple, stators, plungers, plunger rods, rotor valve rods, rotor

valves, stator seals, plunger rod seals, and gaskets.

[0095] Aspects of the disclosure encompass an actuator device configured to activate and
control pumps and/or valves of the fluid processing device. In some embodiments, the actuator
device comprises one or more valve actuators (e.g., rotor actuators) that actuate valves of the fluid
processing device, such as by actuating one or more valve rods or rotor rods. For example, the
actuator device can comprise one of more process valve actuators to actuate one or more process
valves or one or more process valve rods. For example, the actuator device can comprise one or

more reagent valve actuators to actuate one or more reagent valves or one or more reagent valve
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rods. In some embodiments, the actuator device comprises a number of valve actuators to actuate
the valves or valve rods of one processing station at a time, and the actuation device can comprise,
for example, one or more valve linear actuators to move the valve actuators between processing
stations of the tluid processing device. In some embodiments, the actuator device comprises one or
more pump actuators {e.g., plunger actuators) that actuate pumps of the fluid processing device, such
as by actuating one or more plunger rods. For example, the actuator device can comprise one or
more process pump actuators to actuate one Or More process pumps Of one of more process plunger
rods. For example, the actuator device can comprise one or more reagent pump actuators to actuate
one or more reagent pumps or one or more reagent plunger rods. In some embodiments, the actuator
device comprises a number of pump actuators to actuate the pumps or pump rods of one processing
station at a time, and the actuation device can comprise, for example, one or more purp linear

actuators to move the pump actuators between processing stations of the tluid processing device.

[0096] In some embodiments, the actuator device can conirol the temperature of the process
chambers of the fluid processing device. For examiple, the actuator device can comprise heaters or
thermal elements configured to be positioned below each process chamber. The actuator device can
comprise, tor example, a thin flex circuit heater configured to heat process chambers individually,
such that the actuator device can selectively control the temperature of all process chambers in a
given processing station. The actuator device can further comprise one or more fans or blowers for
cooling. Temperature control of a process chamber can comprise thermocycling (e.g., for PCR

PUrpoOses).

[0097] In some embodiments, the actuator device can control the magnetic field in the
process chambers of the fluid processing device. For example, the actuator device can comprise one
or more permanent magnets that may be moved to different distances from the process chambers,
such as a first position proximate to the process chambers that applies a magnetic field to the
contents of the process chambers and a second position not proximate or less proximate to the
process chambers that does not apply a magnetic field to the contents of the process chambers. In
some examples, the actuator device comprises a magnet lifter configured to move one or more
magnets to within close proximity of one or more process chambers, such as by lifting the one or
more magnets to the bottom of the one or more process chambers. The actuator device can comprise
a number of magnets equal to the number of process chambers in a processing station of the fluid

processing device, and the actuator device can comprise a magnet linear actuator to move the
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magnets and magnet lifter between processing stations such that the actuator device can selectively

control the magnetic field of all process chambers in a given processing station at a time.

[0098] In some embodiments, the actuator device can control both the temperature and the
magnetic field in the process chambers of the fluid processing device, separately or at the same time.
For example, the actuator device can heat or cool one or more process chambers and apply a
magnetic control to the one or more process chambers at different times or at the same time. o
some examples, the actuator device comprises {1} a thin flexible circuit heater configured to heat the
process chambers of a processing station in the fluid processing device, where the thin flexible
circuit heater 1s disposed proximate to the process chambers, and (2} one or more magnets coupled
to a magnet lifter configured to move the one or more magnets between a first position proximate o
the process chambers, in which the one or more magnetic fields of the one or more magnets are
applied to the contents of the process chambers, and a second position not proximate to the process
chambers, 1n which the one or more magnetic fields of the one or more magnets are not applied (or
are applied less) to the contents of the process chambers. In some examples, the thin flexible circuit
heater 15 disposed between the process chambers and the one or more magunets when the one or more
magnets are in the first position proximate to the process chambers, and the one or more magnets
can press the thin flexible circuit heater against a surface or wall or the process chambers when the
oBe of more magnets are in the first position. For example, a temperature control can be performed
in the process chambers via the thin flexible circuit heater when the one or more magnets are in the
first position or second posttion, and a magnetic control can be performed in the process chambers
via the one or more magnets when the one or more magnets are in the first position. In some
embodiments, the actuator device 1s configured to perform thermal and/or maguoetic control in the

process chambers according to DNA purification protocols.

[0099] FIG. 115 a top view of a base plate 30 of a fluid processing cassette 5 (with top plate
10 (shown in FIG. 2) removed and not shown), which is an example fluid processing device
according to an embodiment. As shown in FIG. 1, cassetie 5 comprises an input well 34, which is
exemplary of the eight total input wells of cassette 5, and an output well 36, which is exemplary of
the eight total output wells of cassette 5. Cassette S comprises eight separate fluid channels, and no
fluid channel is in tluid communication with another fluid channel. Each of the eight input wells 34
is assoctated with a different fluid channel, and each of the eight output wells 36 1s associated with a

different fluid channel. Input well 34 and an associated output well 36 are associated with the same
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thuid channel, and the other input wells and output wells are likewise associated in pairs based on

their posttioning at proximal and distal ends of base plate 30.

[00100 As shown in FIG. 1, cassette 5 comprises first processing station 500, end processing
station 560, and first, second, third, fourth, and {ifih intermediate processing stations 510, 520, 530,
540, and 550, that are positioned between first processing station 500 and end processing station
560. Cassette 5 encapsulates and seals the processing stations within base plate 30 and top plate 10
{see FIG. 2) to form a sealed consumable device. First processing station 500 comprises first pump
asserubly column 501, second pump assembly column 502, third pump assembly column 503, and
fourth pump assembly column 504, and each of these pump assembly columns is configured to be
operable in unison to simultaneously perform substantially similar processing steps on fluids in all
eight fluid channels at first processing station 500, First tntermediate processing station 510
comprises first intermediate pump assembly column 511, second intermediate pump assembly
column 512, third intermediate pump assembly column 513, and fourth intermediate pump assembly
column 514, and each of these pump assembly columns is configured to be operable in unison to
simultancously perform substantially similar processing steps on fluids in all eight fluid chaonels at
first intermediate processing station 510. Each intermediate processing station 520, 530, 540, and
550 similarly includes first, second, third, and fourth intermediate pump assembly colurns. End
processing station 560 comprises first end pump assembly column 561, second end pump assembly
column 562, third end pump assembly column 563, and fourth end pump assembly column 564, and
each of these pump assembly columns ts configured to be operable in unison to simultanecusly
pertorm substantially similar processing steps on fluids in all eight fluid channels at end processing

station 560,

(00101} Each pump assembly column of first processing station 500 and first intermediate
processing station 510 comprises process pump assemblies and reagent pump assemblies associated
with two separate fhind channels, such that the eight fluid channels of cassette S are processed
separately at each of these processing stations. Each pump assembly column of end processing
station S60 comprises process pump assemblies associated with two separate fluid channels, such
that the eight fluid channels of cassette 5 are processed separately in this processing station. The
pump assembly columns of end processing station 560 may not include functional reagent pump

assemblies,

[00102] FIG. 2 shows a top perspective view of cassette 5. As shown in FIG. 2, cassette S
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comprises a sealed device with input wells {e.g., input well 34} on one end and output wells {(e.g,
output well 36) on the opposite end, in which internal fluid processing components (not shown) are
disposed between the input wells and output wells and are encapsulated within the base plate 30 and
a top plate 10. A top portion of top plate 10 is sealed by top film 12. A plurality of reagent input
wells 14 are formed in the top of top plate 10 and are configured to receive a volume of reagent, or
other process fhuid, at a particular processing station for a particular fluid channel. Reagent input
well 14 1s exemplary of forty-eight total reagent input wells formed 1o top plate 10, of which eight
are associated with the fluid channels (one reagent input well per fluid channel) at each of six
processing stations—i e, first processing station 500 and first, second, third, fourth, and fifth

intermediate processing stations 510, 520, 530, 540, and 550 {see FIG. 1),

[00103] Top-plate pump control port 212 formed in top plate 10, which 1s exemplary of other
top-plate pump control ports also formed in top plate 10, is configured to permit a reagent plunger
rod actuator 220 {described below, see FIGS. 36, 38, 39) to actuate internal fluid components via
first and second reagent plunger rods 200, 202 (see FIG. 11). Base-plate pump control port 214
formed in base plate 30, which is exemplary of other base-plate pump control ports formed in base
plate 30, is configured to permit a process plunger rod actuator 222 (described below, see FIGS. 36,
38, 39) to actuate internal fluid components via first and second process plunger rods 204, 206 (see
FIG. 11). If reagent plunger rod actuator 220 ts coupled to first and second reagent plunger rods
200, 202, retraction of reagent plunger rod actuator 220 out of top-plate pump control ports 212 will
cause reagent plunger rod actuator 220 to de-couple from first and second reagent plunger rods 200,
202 due to interference between first and second reagent plunger rods 200, 202 and top plate 10, as
first and second reagent plunger rod yokes 201, 203 (see FIG. 11} each have a diameter that is larger
than the diameter of top-plate pump control ports 212. If process plunger rod actuator 222 is
coupled to first and second process plunger rods 204, 206, retraction of process plunger rod actuator
222 out of base-plate pump control ports 214 will cause process plunger rod actuator 222 to de-
couple from first and second process plunger rods 204, 206 due to interference between first and
second process plunger rods 204, 206 and base plate 30, as first and second process plunger rod
yokes 205, 207 (see FIG. 11) each have a diameter that is larger than the diameter of base-plate
pump control ports 214, Thus, first and second reagent plunger rods 200, 202 and first and second
process plunger rods 204, 206 are contigured to be retained inside top plate 10 and base plate 30
upon retraction and release of reagent plunger rod actuator 220 and process plunger rod actuator

222, respectively.
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(00104} FIG. 3 shows a bottom perspective view of cassette 5. A bottom portion of base plate
30 is sealed by base film 32. Base film 32 is shown as translucent in FIG. 3 s0 as to show features
(e.g., process chamber 38) formed in the bottom of base plate 30, where the bottom surface of such
features are sealed by base film 32 A plurality of process chambers 38 are formed in the bottom of
base plate 30 and are configured to receive fhuid at a particular processing station for a particular
tluid channel. Process chamber 38 is exemplary of forty-eight total process chambers formed in
base plate 30, of which eight are associated with the eight fluid channels (one process chamber per
fluid channel) at each of six processing stations—i.e., first processing station 500 and first, second,
third, fourth, and fifth intermediate processing stations 510, 520, 530, 540, and 550 {see FIG. 1).
Top-plate rotor control port 236 formed in top plate 10, which is exemplary of other top-plate rotor
control ports also formed in top plate 10, is configured to permit a reagent rotor rod actuator 240
(see FIGS. 36, 37, 39} to actuate internal fhuid components via a reagent rotor rod 230 (see FIG. 15),
Base-plate rotor control port 238 tormed in base plate 30, which is exemplary of other base-plate
rotor control ports formed in base plate 30, is contfigured to permit a process rotor rod actuator 242
{see FIG. 36, 37, 39) to actuate fluid components via a process rotor rod 232 (see FIG. 15). If
reagent rotor rod actuator 240 is coupled to reagent rotor rod 230, retraction of reagent rotor rod
actuator 240 out of and away from top-plate rotor control ports 236 a certain distance will cause
reagent rotor rod actuator 240 to de-couple from reagent rotor rod 230 due to interference between
reagent rotor rod 230 and top plate 10. If process rotor rod actuator 242 is coupled to process rotor
rod 232, retraction of process rotor rod actuator 242 out of and away from base-plate rotor control
ports 238 a certain distance will cause process rotor rod actuator 242 to de-couple from process rotor
rod 232 due to interference between process rotor rod 232 and base plate 30. Thus, reagent rotor rod
230 and process rotor tod 232 are configured to be retained inside top plate 10 and base plate 30
upon retraction and release of reagent rotor rod actuator 240 and process rotor rod actuator 242,

respectively.

[00105] An identification label 52 can comprise a machine-readable identification marker,
such as a barcode or RFID tag, and/or a human-readable identification marker, such that sample

fluids processed or sought to be processed in cassette 5 can be identified.

[00106] FIG. 4 is a bottom perspective view of top plate 10. Reagent well ports 18 are ports
located at the bottom of reagent input wells 14 (see FIGS. 2, 7) formed in the top of top plate 10 and

which permit reagents in the reagent input wells to move to the inside of cassette 5 to where the
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pump assembly columns, such as pump assembly columns 511, 512, 513, and 514 (see FIGS. 1, 17},
are enclosed. Reagent-to-rotor ports 20 are connected to reagent well ports 18 via gasket slots 64
(see FIGS. 6, 7) and permit reagents that enter reagent well ports 18 to move to upper rotors 150 of
reagent pump assemblies (see FIG. 15). Reagent-to-process chamber top-plate ports 22 permit
reagent 1o move from upper rotors 150 of reagent pump assemblies (see FIG. 15) to associated
process chambers 38 (see FI(G. 7} via reagent-to-process chamber gasket ports 66 (see FIGS. 6, 7)
and then via reagent-to-process chamber base-plate ports 42 (see FIGS. 5, 7). The two reagent well
ports 18, the two reagent-to-rotor ports 20, and the two reagent-to-process chamber top-plate ports
22 that are labelled in FIG. 4 are repeating features of one each is associated with each of the eight
thuid channels at each of the six processing stations—i.¢., first processing station 500 and first,
second, third, fourth, and fifth intermediate processing stations 510, 520, 530, 540, and 550 (see
FIG. 1), Regarding reagent well ports 18, reagent-to-rotor ports 20, and reagent-to-process chamber
top-plate ports 22, see comparable elements 402 and 422 (first and second reagent well ports), 406
and 426 (first and second reagent-to-rotor port), and 410 and 430 (first and second reagent to

process chamber top-plate ports) in FIGS. 28 and 34

[00107] FIG. 5 is a top perspective view of base plate 30, Reagent-to-process chamber base-
plate ports 42 permit reagent from reageni-to-process chamber top-plate ports 22 (see FIG. 4) via
reagent-to-process chamber gasket ports 66 (see FIG. 6 to move to process chambers 38 {see FIG.
3) formed in the bottom side of base plate 30, The reagent-to-process chamber base-plate ports 42
that are labelled in FIG. 5 are repeating features of which one each is associated with each of the
eight fluid channels at each of the six processing stations—i.e., first processing station 500 and first,
second, third, fourth, and fifth intermediate processing stations 510, 520, 530, 540, and 550 (see
FIG. 1), Gasket-positioning post 48, which is exemplary of other gasket-positioning posts formed in

base plate 30, 15 configured to fit into post hole 62 to secure and stabilize a gasket 60 (see FIG. 6).

[00108] FIG. 6 is a perspective view of a gasket 60, which comprises gasket slots 64 that
form fhuid passageways between reagent well ports 18 and reagent-to-rotor ports 20 (see FIG. 4).
Gasket 60 further comprises reagent-to-process chamber gasket ports 66, which permut reagents to
move from reageni-to-process chamber top-plate ports 22 {see FIG. 4) to reagent-to-process
chamber base-plate ports 42 (see FIG. 5). Gasket 60 further comprises post holes such as post hole
62, which are configured to receive gasket-positioning posts such as gasket-positioning post 48 (see

FIG. 5).
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[00109] FIG. 7 shows a partial perspective, cross-sectional view of fluid processing cassette 5
taken along line A-A in FIG. 2. As shown in FIG. 7, gasket 60 is positioned and secured between
portions of top plate 10 and base plate 30. FIG. 7 also shows that reagent in reagent input well 14 13
fluidly connected through reagent well port 18 into gasket slot 64. Also, reagent is fluidly connected
from a portion on top of top plate 10 down through reagent-to-process chamber top-plate port 22,
then through reagent-to-process chamber gasket port 66, then through reagent-to-process chamber
base-plate port 42, and into process chamber 38, Process chamber 38 is connected to the subsequent
processing station via a process chamber outlet port 44, A portion of base film 32 forms the bottom

surface of process chamber 38,

[00110] FIG. 8 shows an exploded top perspective view of a stator assembly comprising top
stator 80 of a reagent pump assembly, bottom stator 100 of a process pump assembly, and stator seal
120 disposed between top stator 80 and bottom stator 100, Top stator 80 comprises a first reagent
rotor port 84 that extends completely through top stator 80 and is in fluid communication with a first
top stator fluid path 130 of stator seal 120, which is in fluid communication with first reagent pump
port 86 that extends from the bottom of top stator 80 to first reagent pump chamber 85. Top stator
80 further comprises a second reagent rotor port 88 that extends completely through top stator 80
and 1s in fluid communication with a second top stator fluid path 132 of stator seal 120, which is in
fluid communication with second reagent pump port 90 that extends from the bottom of top stator
80 to second reagent pump chamber 89, First and second reagent pump chambers 85, 89 are
associated with separate fluid channels via their respective reagent pump ports 86, 90, top stator

tluid paths 130, 132, and reagent rotor ports 84, 88,

[00111} Top stator 80 further comprises at least one snap tab 81, which is a flexible tab with a
detent configured to be snapped into a corresponding hole in top plate 10, such as to form a snap

joint to secure top stator 80 and top plate 10 to each other.

(00112} Bottom stator 100 comprises first process rotor port 104 and second process rotor
port 108 that extend completely through bottom stator 100, Bottom stator 100 further comprises a
first process pump chamber 105, which is in fluid communication with a first process pump port 106
that extends from first process pump chamber 105 to the top of bottom stator 100. Bottom stator
100 further comprises a second process pump chamber 109, which is in fluid communication with a
second process pump port 110 that extends from second process pump chamber 109 to the top of

bottom stator 100,
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[00113] Bottom stator 100 also comprises alignment holes 102 contfigured to receive

alignment pins 123 (see FIG. 9) of stator seal 120.

[00114] Bottom stator 100 further comprises at least one snap tab 101, which is a flexible tab
with a detent configured to be snapped into a corresponding hole in base plate 30, such asto form a

snap joint to secure bottom stator 100 and base plate 10 to each other.

[00115] FIG. 9 shows an exploded bottom perspective view of a stator assembly comprising
top stator 80 of a reagent pump assembly, bottor stator 100 of a process pump assembly, and stator
seal 120 disposed between top stator 80 and bottom stator 100, Bottom stator 100 comprises first
process rotor port 104 that extends completely through bottom stator 100 and is 1n fluid
cominunication with a first bottom stator fluid path 136 of stator seal 120, which is in fluid
communication with first process pump port 106 that extends from the top of bottom stator 100 to
first process pump chamber 105, Bottom stator 100 further comprises a second process rotor port
108 that extends completely through bottom stator 100 and 1s in fluid communication with a second
bottom stator fluid path 138 of stator seal 120, which is in fluid communication with a second
process pump port 110 that extends from the top of bottom stator 100 to second process pump
chamber 109. First and second process pump chambers 105, 109 are associated with separate fluid
channels via their respective process pump ports 106, 110, bottom stator fluid paths 136, 138, and
process rotor ports 104, 108, Top stator 80 comprises a first reagent rotor port 84 and a second
reagent rotor port 88 that extend completely through top stator 80, Top stator 80 further comprises
first reagent pump chamber 85, which is in fluid communication with first reagent pump port 86 that
extends from first reagent pump chamber 85 to the bottom of top stator 80. Top stator 80 further
comprises second reagent pump chamber 89, which is in fluid communication with second reagent

purmp port 90 that extends from second reagent pump chamber 89 to the bottom of top stator 80.

(00116} Top stator 80 also comprises alignment holes 82 (see FIG. 9) configured to receive

alignment pins 122 (see FIGS. & and 10} of stator seal 120.

[00117] FIG. 10 shows stator seal 120, Stator seal 120 comprises top alignment pins 122
configured to fit into alignment holes 82 of top stator 80 and bottom alignment pins 123 (see FIG. 9)
configured to fit into alignment holes 102 of bottom stator 100 to align the top stator 80, bottom
stator 100, and stator seal 120. Stator seal 120 further comprises a stator fluid path sealant 124

around each top stator fluid path 130, 132 and bottom stator fluid path 136, 138, The top stator 80,
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bottom stator 100, and stator seal 120 may be welded together (e.g., ultrasonically welded) during
assembly of cassette 5, and during the welding, the stator fluid path sealants 124 of stator seal 120
are melted into top stator 80 and bottom stator 100 to secure the three components together and
prevent leaks or cross contamination from around the top or bottom stator fluid paths (130, 132, 136,
138}, To note, the top alignment pins 122, first top stator fluid path 130, and second top stator fluid
path 132 on one surface of stator seal 120 and the bottom alignment pins 123, second bottom stator
tluid path 138, and first bottor stator fluid path 136 on an opposite surface of stator seal 120 are
mirrored features, respectively, on the opposite surfaces of stator seal 120, Thus, components of
stator seal 120 are labelled as “top” or “bottom” for description purposes and are not so limited. For
example, either opposite surface of stator seal 120 can be aligned with and secured to the bottom of

top stator 80 or the top of boitom stator 100.

[00118] FIG. 11 shows a top perspective view of pump assemblies of a processing station of
cassette 5, with rotor components (described below) removed. The pump assemblies shown i FIG.
11 comprise four stator assemblies, each comprising a top stator, bottom stator, and stator seal, of
which top stator 80, bottom stator 100, and stator seal 120, respectively, are exemplary. The pump
assemblies further comprise a first reagent plunger rod 200 that extends axially through the first
reagent purnp chambers of the four top stators, of which first reagent pump chamber 85 (see FIGS.
8, 9) of top stator 80 is exemplary. The pump assemblies further comprise a second reagent plunger
rod 202 that extends axially through the second reagent pump chambers of the four top stators, of
which second reagent pump chamber 89 (see FIGS. 8, 9, 12} of top stator 80 is exemplary. The
pump assemblies further comprise a first process plunger rod 204 that extends axially through the
first process pump chambers of the four bottom stators, of which first process pump chamber 105
{see FIGS. 8, 9) of bottom stator 100 is exemplary. The pump assemblies further comprise a second
process plunger rod 206 that extends axially through the second process pump chambers of the four
bottom stators, of which second process pump chamber 109 (see FIGS. 8, 9, 12} of bottom stator
100 1s exemplary. First and second reagent plunger rods 200, 202 comprise first and second reagent
plunger rod yokes 201, 203, respectively. First and second reagent plunger rod vokes 201, 203 are
configured to operatively couple and de-couple first and second reagent plunger rods 200, 202 to
reagent plunger rod actuator 220 {described below, see FIGS. 36, 38, 39). First and second process
plunger rods 204, 206 comprise first and second plunger rod yokes 205, 207, respectively. First and
second process plunger rod yokes 205

207 are configured to operatively couple and de-couple first

2

and second process plunger rods 204, 206 to process plunger rod actuator 222 {described below, see
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FIGS. 36, 38, 39).

[00119] FIG. 12 shows a top perspective, cross-sectional view of the pump assemblies in FIG.
11 with rotor components removed, taken along line B-B in FIG. 11, As shown in FIG. 12, reagent
plunger 208 is disposed in second reagent purmp chamber 89 of top stator 80, and similar reagent
plungers are disposed in the second reagent pump charmbers of each other top stator. Also, process
plunger 209 is disposed in second process pump chamber 109 of bottom stator 100, and simular
process plungers are disposed in the second process pump chambers of each other bottom stator. Al
of the reagent plungers n the second reagent pump chambers are attached to a single second reagent
plunger rod 202 such that axial movement of second reagent plunger rod 202 effects simultaneous
movement of the reagent plungers 208 within their respective second reagent pump chambers 89
Specifically, axial movement of second reagent plunger rod 202 in a first direction (1o the right in
FIG. 12) that moves reagent plungers 208 away from second reagent pump ports 90 will draw
reagent into the second reagent pump chambers 89 via the second reagent pump ports 90, and axial
movement of second reagent plunger rod 202 in a second direction (to the left in FIG. 12) that
moves reagent plungers 208 closer to second reagent pump ports 90 will expel reagent out of the
second reagent pump chambers 89 via the second reagent pump ports 90. Similarly, all of the
process plungers 209 in the second process pumyp chambers 109 are attached to a single second
process plunger rod 206 such that axial movement of second process plunger rod 206 effects
simultancous movement of the process plungers 209 within their respective second process purmp
chambers 109. Specifically, axial movement of second process plunger rod 206 in a first direction
(to the right in FIG. 12) that moves process plungers 209 away from second process pump ports 110
will draw fluid into the second process pump chambers 109 via the second process pump ports 110,
and axial movement of second process plunger rod 206 in a second direction (to the left in FIG. 12)
that moves process plungers 209 closer to second process pump ports 110 will expel fluid out of the
second process pump chambers 109 via the second process pump ports 110. The ends of the second
reagent pump chambers {(e.g , second reagent pump chamber 89} and second process pump
chambers {e.g., second process pump chamber 109} that are not sealed via the reagent plungers (e.g.,
reagent plunger 208} or process plungers (e.g., process plunger 209}, respectively, are sealed by a
plunger rod seal (e.g., plunger rod seal 210). For example, plunger rod seal 210 seals second reagent
purap chamber 89 and second process pump chamber 109 together with reagent plunger 208 and
process plunger 209, respectively, such that second reagent plunger rod 202 and second process

plunger rod 206 are permitted to extend and move through plunger rod seal 210 without unsealing
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the pump chambers and without allowing fluid or air to escape the sealed pump chambers.

00120} FIG. 13 is a top perspective view of an upper rotor 150, which is a component of the
reagent pump assemblies of cassette S. Upper rotor 150 comprises first rotor port 156 and second
rotor port 158 that are in fluid communication via first rotor path 154, Upper rotor 150 further
comprises third rotor port 164 and fourth rotor port 166 that are in fluid communication via second
rotor path 162, First, second, third, and fourth rotor ports 156, 158, 164, and 166 each extends
completely through upper rotor 150. Upper rotor 150 also comprises rotor connector 152 configured
to couple upper stator 150 to a reagent rotor rod 230 (see FIG. 15). Upper rotor 150 is substantially
similar to lower rotor 170 (see FIG. 15), which is a component of the process pump assemblies of
cassette 5, except that the top-facing portion of upper rotor 150 shown in FIG. 13 is equivalent to the

bottom-facing portion of lower rotor 170,

(00121} FIG. 14 1s a bottom perspective view of upper rotor 150 and shows that first, second,
third, and fourth rotor ports 156, 158, 164, and 166 each extends completely through upper rotor
150. The bottom-tacing portion of upper rotor 150 shown in FIG. 14 15 equivalent to the top-facing

portion of lower rotor 170 (see FIG. 15).

(00122 FIG. 15 is a top perspective view of pump assemblies of a processing station of
cassette 5. The pump assemblies shown in FIG. 15 are similar to the purap assemblies as shown in
FIG. 11, but the pump assemblies as shown in FIG. 15 include upper rotors (e.g., upper rotor 150},
lower rotors (e.g., lower rotor 170), a reagent rotor rod 230, and process rotor rod 232. Upper rotors
such as upper rotor 150 and lower rotors such as lower rotor 170 in the pump assemblies of cassette
5 are rotor valves that are coupled to top stators 80 and bottom stators 100, respectively. Upper
rotors such as upper rotor 150 are movable between a first position that thadly connects reagent
input wells, such as reagent input well 14 (see FIG. 2), to first and second reagent pump chambers
85, 89 defined by the top stators 80 (see FIGS. 8, 9, 12) and a second position that fluidly connects
the first and second reagent pump chambers 85, 89 to associated process chambers, such as process
chamber 38 (see FIG. 3). Lower rotors, such as lower rotor 170, are movable between a first
posttion that fluidly connects first and second process pump chambers 105, 109 defined by the
bottom stators 100 (see FIGS. 8 9, 12) to upstream portions of the fluid channels {e.g., input wells
34 (see FIG. 1) or process chambers 38 of a preceding processing station) and a second position that
fluidly connects the first and second process pump chambers 105, 109 to downstream portions of the

fluid channels (e.g., process chambers 38 of the instant processing station or output wells 36 {(see
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FIG. 1}). Lower rotors 170 in the first position allow the first and second process pump chambers
105, 109 to receive sample fluid from upstream portions of the fluid channels or to expel waste fluid
to upstream portions of the fluid channels depending on the direction of movement of the first and
second process plunger rods 204, 206, respectively (see FIGS. 11, 12). Lower rotors 170 in the
second position allow the first and second process pump chambers 105, 109 to expel sample fluid to
downstream portions of the fluid channels or to receive waste fluid from downstream portions of the
fluid chanunels, again depending on the direction of movement of the first and second process
plunger rods 204, 200, respectively. The upper rotors such as upper rotor 150 are all coupledtoa
single reagent rotor rod 230, via rotor conunectors such as rotor connector 152, such that movement
of reagent rotor rod 230 effects simultaneous movement of the upper rotors 150 between their first
positions and second positions. Similarly, the lower rotors such as lower rotor 170 are all coupled to
a single process rotor rod 232, via rotor connectors such as rotor connector 172, such that movement
of process rotor rod 232 effects simultaneous movement of the lower rotors 170 between their first
positions and second positions. Reagent rotor rod 230 comprises reagent rotor rod yoke 231, which
is configured to operatively couple and de-couple reagent rotor rod 230 to reagent rotor rod actuator
240 (described below, see FIGS. 36, 37, 39). Process rotor rod 232 comprises process rotor rod
yoke 233, which is configured to operatively couple and de-couple process rotor rod 232 to process

rotor rod actuator 242 (described below, see FIG. 36, 37, 39).

[00123] FIG. 16 shows a top perspective, cross-sectional view of the pump assemblies in FIG.
15 taken along line C-C in FIG. 15, As shown in FIG. 16, a reagent pump assembly comprising an
upper rotor coupled to a top stator provides fluid pathways through the combined upper rotor and
top stator via the rotor ports of the upper rotor and the reagent rotor ports of the top stator. For
example, FIG. 16 shows that with upper rotor 150 coupled to top stator 80 and positioned in its first
posttion, first rotor port 156 of upper rotor 150 1s in fluid communication with first reagent rotor
port 84 of top stator 80, which is in further fluid communication with first top stator fluid path 130
of stator seal 120, which connects to first reagent pump chamber 85 via first reagent pump port 86
(see FIG. 8). FIG. 16 also shows that with upper rotor 150 coupled to top stator 80 and positioned in
its first position, third rotor port 164 of upper rotor 150 is in fluid communication with second
reagent rotor port 88 of stator 80, which is in further fluid communication with second top stator
tluid path 132 of stator seal 120, which connects to second reagent pump chamber 89 via second

reagent purp port 90 (see FIG. 8).



WO 2020/242544 PCT/US2020/017202
36
100124} FIG. 17 1s an exploded top perspective view of the fluid processing cassette that
shows the pump assemblies of each of first processing station 500, end processing station 560, and
first, second, third, fourth, and fifth intermediate processing stations 510, 520, 530, 540, and 550,
As shown in FIG. 17, each processing station comprises the pump assemblies shown in FIG. 15, In

end processing station 560, reagent punmp assemblies may be non-functional.

{00125} FIG. 18 shows a partial bottom plan view of base plate 30, including fluid channels
and ports formed in the bottom of base plate 30. First rotor-input fluid channel 310 connects first
port 312 and second port 314, and second rotor-input fluid channel 320 connects first port 322 to
second port 324. First rotor-cutput tluid channel 330 connects first port 332 to first process chamber
350 via first process chamber inlet 352, and second rotor-output fluid channel 340 connects first port
342 to second process chamber 360 via second process chamber inlet 362, None of first and second
rotor-input fluid channels 310, 320 and first and second rotor-output fluid channels 330, 340 are
connected or in direct fluid communication with each other. First rotor-input fluid channel 310, first
rotor-output fluid channel 330, and first process chamber 350 are all associated with the same fluid
channel. Second rotor-input fluid channel 320, second rotor-output fluid channel 340, and second
process chamber 360 are all associated with a different fluid channel. These channels, ports, inlets,
and process chambers formed in the bottom of base plate 30 are sealed by base film 32, which is

disposed onto a portion of the bottom of base plate 30.

[00126] FIGS. 19-20 and 25-26 are similar to FIG. 18 and additionally show iower rotor 170,
specifically the bottom surface of lower rotor 170 that is disposed above the bottom surface of base

plate 30.

[00127] In FIGS. 19- 22, lower rotor 170 15 in 1ts first position, which fluidly connects
process pump chambers defined by the bottom stator 100 to which lower rotor 170 is coupled to
upstream portions of the associated fluid channels. Since the processing station shown in FIGS. 19
and 20 is the first processing station 500 of cassette 5, the upstream portions of the associated fluid
channels comprise input wells, specifically first input well 307 and second input well 308, rather

than process chambers of a preceding processing station,

00128} As shown by FIGS. 18-20, first input well 307 1s in fluid communication with first
port 312 of first rotor-input fluid channel 310, of which the second port 314 is in fluid

cominunication with the second rotor port 178 of lower rotor 170. Thus, a fluid can move from first
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input well 307 to second rotor port 178 of lower rotor 170 via first rotor-input fhuid channel 310, as
shown by a solid fhd path arrow 1in FIG. 20, The fluid can then move from second rotor port 178
to first rotor port 176 via first rotor path 174 of lower rotor 170, as shown by a dashed fluid path
arrow in FIG. 20, Dashed fluid path arrows in FIG. 21 show that the fluid can then move up through
first rotor port 176, then through first process rotor port 104 of bottom stator 100, then along first
bottom stator fhuid path 136 of stator seal 120, and then through first process pump port 106 into
first process purmp chamber 105 of bottom stator 100, Therefore, when lower rotor 170 15 10 1ts first
position, fhid can be moved along a first fluid channel from first input well 307 to first process
pump chamber 105 by the process pump assembly associated with the first fluid channel. Also,
when lower rotor 170 ts in its first position, fluid (e.g., waste) can alternatively be moved via the
same path but in a reverse direction along the first fluid channel from first process pump chamber

105 to first input well 307 by the process pump assembly associated with the first fluid channel.

[00129] As shown in FIGS. 18-20, second input well 308 15 in fluid communication with first
port 322 of second rotor-input fluid channel 320, of which the second port 324 is in fluid
coramunication with a fourth rotor port 186 of lower rotor 170, Thus, a fluid can move from second
input well 308 to fourth rotor port 186 of lower rotor 170 via second rotor-input fluid channel 320,
as shown by a solid fluid path arrow in FIG. 20, The fhud can then move from fourth rotor port 186
to third rotor port 184 via second rotor path 182 of lower rotor 170, as shown by a dashed fluid path
arrow in FIG. 20, Dashed fluid path arrows in FIG. 22 show that the fluid can then move up through
third rotor port 184, then through second process rotor port 108 of bottom stator 100, then along
second bottom stator fluid path 138 of stator seal 120, and then through second process pump port
110 into second process pump chamber 109 of bottom stator 100. Therefore, when lower rotor 170
is in its first position, fluid can be moved along a second fluid channel from second input well 308
to second process pump chamber 109 by the process pump assembly associated with the second
tluid channel. Also, when lower rotor 170 is in its first position, fluid (e.g., waste) can alternatively
be moved via the same path but in a reverse direction along the second fluid channel from second
process pump chamber 109 to second input well 308 by the process pump assembly associated with

the second fluid channel.

[00130] In FIGS. 23- 26, lower rotor 170 is in its second position, which fluidly connects
process pump chambers defined by the bottom stator 100 to which lower rotor 170 is coupled to

downstream portions of the associated fluid channels, specifically first process chamber 350 and
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second process chamber 360.

[00131] Drashed fluid path arrows in FIG. 23 show that a fluid 1n first process pump chamber
105 of bottom stator 100 can move through first process pump port 106, then along first bottom
stator fluid path 136 of stator seal 120, then through first process rotor port 104 of bottom stator 100,
and then through second rotor port 178 of lower rotor 170, As shown by FIGS. 25-26, the fluid can
then move from second rotor port 178 to first rotor port 176 via first rotor path 174 of lower rotor
170, as shown by a dashed fluid path arrow in FIG. 26. As further shown by FIGS. 18 and 25-26,
first rotor port 176 1s in fluid communication with first port 332 of first rotor-output fluid channel
330, of which the first process chamber inlet 352 is in fluid communication with the first process
chamber 350. Thus, the fluid can move from first rotor port 176 of lower rotor 170 to first process
chamber 350 via first rotor-output fluid channel 330, as shown by a solid fluid path arrow in FIG.
26. Therefore, when lower rotor 170 1s in its second position, fluid can be moved along the first
fluid chanuel from first process pump chamber 105 to first process chamber 350 by the process
pump assembly associated with the first fluid channel. Also, when lower rotor 170 is in its second
position, fluid (e.g , waste) can alternatively be moved via the same path but in a reverse direction
along the first fluid channel from first process chamber 350 to first process pump chamber 105 by

the process pump assembly associated with the first fluid channel.

[00132]} Dashed fluid path arrows in FIG. 24 show that a fluid in second process pump
chamber 109 of bottom stator 100 can move through second process pump port 110, then along
second bottom stator fluid path 138 of stator seal 120, then through second process rotor port 108 of
bottom stator 100, and then through fourth rotor port 186 of lower rotor 170. As shown by FIGS.
25-26, the fluid can then move from fourth rotor port 186 to third rotor port 184 via second rotor
path 182 of lower rotor 170, as shown by a dashed fluid path arrow in FIG. 26, As further shown by
FIGS. 18 and 25-26, third rotor port 184 is in fluid communication with first port 342 of second
rotor-output fluid channel 340, of which the second process chamber inlet 362 is in tluid
communication with the second process chamber 360, Thus, the fluid can move from third rotor
port 184 of lower rotor 170 to second process chamber 360 via second rotor-output fluid channel
340, as shown by a solid fluid path arrow in FIG. 26, Therefore, when lower rotor 170 is in its
second position, fluid can be moved along the second fluid chanunel from second process purmp
chamber 109 to second process chamber 360 by the process pump assembly associated with the

second fluid channel. Also, when lower rotor 170 is in its second position, fluid {e.g., waste) can



WO 2020/242544 PCT/US2020/017202
39
alternatively be moved via the same path but in a reverse direction along the second fluid channel
trom second process chamber 360 to second process pump chamber 109 by the process pump

assembly associated with the second fluid channel.

[00133] FIG. 27 shows a partial top plan view of top plate 10, including fluid channels and
ports formed on the top of top plate 10. First rotor-input fluid channel 440 connects first port 442
and second port 444, and second rotor-input fluid channel 450 connects first port 452 and second
port 454, First rotor-output fluid channel 460 connects first port 462 to second port 464, and second
rotor-output fluid chanoel 470 connects first port 472 to second port 474, None of the first and
second rotor-input fluid channels 440, 450 and first and second rotor-cutput fluid channels 460, 470
are connected or in direct fluid communication with each other. First reagent input well 400, first
rotor-input flutd channel 440, and first rotor-output fluid channel 460 are all associated with the
same fluid channel. Second reagent input well 420, second rotor-input fluid channel 450, and
channels and ports formed in the top of top plate 10 are sealed by top film 12, which is disposed

onto a portion of the top of top plate 10,

[00134] FIGS. 28-29 and 34-35 are similar to FIG. 27 and additionally show upper rotor 150,
specifically the top surface of upper rotor 150 that is disposed below the top surface of top plate 10,
and gasket 403, which is disposed below a portion of the top plate 10 containing first and second

reagent input wells 400, 420

[00135] In FIGS. 28-31, upper rotor 150 s in its first position, which fluidly connects reagent
pump chambers defined by the top stator 80 to which upper rotor 150 1s coupled to reagent input
wells of the associated fluid channels, specifically first reagent input well 400 and second reagent

input well 420.

[00136] As shown by FIGS. 27-29, first reagent input well 400 is in fluid communication
with first gasket slot 404 of gasket 403 via first reagent well port 402, and first gasket slot 404 is in
fluid communication with first reagent-to-rotor port 406. Thus, a fluid can move from first reagent
input well 400 to first reagent-to-rotor port 406 via first gasket slot 404, as shown by a dotted fluid
path arrow in FIG. 29. The fluid can then move up through first reagent-to-rotor port 406 to first
port 442 of first rotor-input fluid channel 440, of which the second port 444 is in fluid

cominunication with the second rotor port 158 of upper rotor 150, Thus, a fluid can move from first
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reagent-to-rotor port 406 to second rotor port 158 of upper rotor 150 via first rotor-input fluid
channel 440, as shown by a solid tluid path arrow in FIG. 29. The fluid can then move from second
rotor port 158 to first rotor port 156 via first rotor path 154 of upper rotor 150, as shown by a dashed
fluid path arrow it FIG. 29 Dashed fluid path arrows in FIG. 30 show that the fluid can then move
down through first rotor port 156, then through first reagent rotor port 84 of top stator 80, then along
tirst top stator fluid path 130 of stator seal 120, and then through first reagent pump port 80 into first
reagent purnp chamber 85 of top stator 80, Therefore, when upper rotor 150 s in its first position,
fluid can be moved along a first fluid channel from first reagent input well 400 to first reagent pump

chamber 85 by the process pump assembly associated with the first fluid channel.

{00137} As shown by FIGS. 27-29, second reagent input well 420 1s in fluid communication
with second gasket slot 424 of gasket 403 via second reagent well port 422, and second gasket slot
424 1s in fluid communication with second reagent-to-rotor port 426. Thus, a fluid can move from
second reagent input well 420 to second reagent-to-rotor port 426 via second gasket slot 424, as
shown by a dotted fhuid path arrow in FIG. 29. The fluid can then move up through second reagent-
to-rotor port 426 to first port 452 of second rotor-input fluid channel 450, of which the second port
454 is in fluid communication with the fourth rotor port 166 of upper rotor 150, Thus, a fluid can
move from second reagent-to-rotor port 426 to fourth rotor port 166 of upper rotor 150 via second
rotor-input fluid channel 450, as shown by a solid fluid path arrow in FIG. 29, The fluid can then
move from fourth rotor port 166 to third rotor port 164 via second rotor path 162 of upper rotor 150,
as shown by a dashed fluid path arrow n FIG. 29, Dashed fluid path arrows tn FIG. 31 show that
the fluid can then move down through third rotor port 164, then through second reagent rotor port 88
of top stator 80, then along second top stator fluid path 132 of stator seal 120, and then through
second reagent pump port 90 into second reagent pump chamber 89 of top stator 80, Therefore,
when upper rotor 150 s in 1ts first position, fluid can be moved along a second fluid channel from
second reagent input well 420 to second reagent pump chamber 89 by the process pump assembly

associated with the second fluid channel.

[00138] In FIGS. 32-35, upper rotor 150 is in its second position, which fluidly connects
reagent pump chambers defined by the top stator 80 to which upper rotor 150 is coupled to

associated process chambers in the same processing station.

[00139] Dashed fluid path arrows in FIG. 32 show that a fluid in first reagent pump chamber

85 of top stator 80 can move through first reagent pump port 86, then along first top stator fluid path
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130 of stator seal 120, then through first reagent rotor port 84 of top stator 80, and then through
second rotor port 158 of upper rotor 150, As shown by FIGS. 34-35, the fluid can then move from
second rotor port 158 to first rotor port 156 via first rotor path 154 of upper rotor 150, as shown by a
dashed fluid path arrow in FIG. 35. As further shown by FIGS. 27 and 34-35, first rotor port 156 13
in fluid communication with first port 462 of first rotor-output fluid channel 460, of which the
second port 464 is in fluid communication with first reagent-to-process chamber top-plate port 410.
Thus, the fluid can move from first rotor port 156 of upper rotor 150 to first reagent-to-process
chamber top-plate port 410, as shown by a solid tluid path arrow in FIG. 35. Moreover, first
reagent-to-process chamber top-plate port 410 15 connected to a process chamber 38 of the first fluid
channel via a reagent-to-process chamber gasket port 66 and reagent-to-process chamber base-plate
port 42 {(see FIG. 7). Therefore, when upper rotor 150 1s in its second position, fluid can be moved
along the first fluid channel from first reagent pump chamber 85 to an associated process chamber

by the process pump assembly associated with the first fluid channel.

(00140} Dashed fluid path arrows in FIG. 33 show that a fluid in second reagent pump
chamber 89 of top stator 80 can move through second reagent pump port 90, then along second top
stator fluid path 132 of stator seal 120, then through second reagent rotor port 88 of top stator 80,
and then through fourth rotor port 166 of upper rotor 150, As shown by FIGS. 34-35, the fluid can
then move from fourth rotor port 166 to third rotor port 164 via second rotor path 162 of upper rotor
150, as shown by a dashed fluid path arrow in FIG. 35, As further shown by FIGS. 27 and 34-35,
third rotor port 164 1s in fluid communication with first port 472 of second rotor-cutput fluid
channel 470, of which the second port 474 1s in fluid communication with second reagent-to-process
chamber top-plate port 430 Thus, the fluid can move from third rotor port 164 of upper rotor 150 to
second reagent-to-process chamber top-plate port 430, as shown by a solid fluid path arrow in FIG.
35 Moreover, second reagent-to-process chamber top-plate port 430 1s connected to a process
chamber 38 of the second fluid channel via a reagent-to-process chamber gasket port 66 and
reagent-to-process chamber base-plate port 42 (see FIG. 7). Therefore, when upper rotor 15013 in
its second posttion, fluid can be moved along the second fluid channel from second reagent pump
chamber 89 to an associated process chamber by the process pumyp assembly associated with the

second thuid channel.

00141} FIG. 36 1s a top perspective view of an actuator device 250 configured to actuate

components of cassetie 5 {discussed above}. Cassette tray 264 is sized and configured to receive
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and retain base plate 30 of cassette 5. Reagent rotor rod actuator 240 is coupled to first linear rail
252 and configured to actuate reagent rotor rod 230 (see FIG. 15). Reagent rotor rod actuator 240 is
configured to actuate a single reagent rotor rod 230 at a time, and first linear rail actuator 254 is
configured to move reagent rotor rod actuator 240 along first linear rail 252 such that reagent rotor
rod actuator 240 can be re-positioned to actuate the reagent rotor rod 230 of different processing
stations of cassette 5 {e.g., first processing station 500, then each of first, second, third, fourth, and
fifth intermediate processing stations 510, 520, 530, 540, 550, and then end processing station 560;
see FIG. 1), Process rotor rod actuator 242 is coupled to first linear rail 252 and is configured to
actuate process rotor rod 232 (see FIG. 15). Process rotor rod actuator 242 18 configured to actuate a
single process rotor rod 232 at a time, and first linear rail actuator 254 1s configured to move process
rotor rod actuator 242 along first linear rail 252 such that process rotor rod actuator 242 can be re-
positioned to actuate the process rotor rod 232 of different processing stations of cassette 5 {e.g.,
first processing station 500, then each of first, second, third, fourth, and fifth intermediate processing

stations 510, 520, 530, 540, 550, and then end processing station 560; see FIG. 1)

[00142] In an embodiment, first inear rail actuator 254 may comprise a rotary motor attached
to a first rail actuator carriage 253 that is shidably coupled to a first actuator track 255 mounted to a
base of the actuator device 250, First linear rail 252 may comprnise a threaded rod (lead screw)
operatively attached to the first linear rail actuator 254 and threadably coupled to the first rail
actuator carriage 253, The reagent rotor rod actuator 240 and the process rotor rod actuator 242 are
attached to the first rall actuator carriage 253, Operation of the first linear rail actuator 254 causes
the first linear rail 252 to rotate, and the threaded coupling between the first hinear rail 252 and the
rail actuator carriage 253 causes linear translation of the first rail actuator carriage 253 across the
first actuator track 255, thereby moving the reagent rotor rod actuator 240 and the process rotor rod
actuator 242, Alternatively, translation of the first rail actuator carriage 253 can be effected by

rotating a threaded nut within the carriage while first linear ratl 252 remains fixed.

1001431 As also shown in FIG. 36, reagent plunger rod actuator 220 1s coupled to second
linear rail 256 and is configured to actuate first and second reagent plunger rods 200, 202 (see FIG.
11}, Reagent plunger rod actuator 220 1s configured to actuate a single set of first and second
reagent plunger rods 200, 202 at a time, and second linear rail actuator 258 is configured to move
reagent plunger rod actuator 220 along second linear rail 256 such that reagent plunger rod actuator

220 can be re-positioned to actuate the set of first and second reagent plunger rods 200, 202 of
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different processing stations of cassette 5 {e.g., first processing station 500, then each of first,
second, third, fourth, and fifth intermediate processing stations 510, 520, 530, 540, 550, and then
end processing station 560, see FI(3. 1). Process plunger rod actuator 222 is coupled to second
linear rail 256 and is configured to actuate first and second process plunger rods 204, 206 (see FIG.
11). Process plunger rod actuator 222 is configured to actuate a single set of first and second
process plunger rods 204, 206 at a time, and second linear rail actator 258 is configured to move
process plunger rod actuator 222 along second linear rail 256 such that process plunger rod actuator
222 can be re-positioned to actuate the set of first and second process plunger rods 204, 206 of
different processing stations of cassette S (e.g., first processing station SO0, then each of first,
second, third, fourth, and fifth intermediate processing stations 510, 520, 530, 540, 550, and then

end processing station 560; see F1G. 1).

[00144] In an embodiment, second linear rail actuator 258 may comprise a rotary motor
attached to a second rail actuator carriage 257 that is slidably coupled to a second actuator track 259
mounted to a base of the actuator device 250, Second linear rail 256 may comprise a threaded rod
(lead screw) operatively attached to the second linear rail actuator 258 and threadably coupled to the
second rail actuator carriage 257. The reagent plunger rod actuator 220 and the process plunger rod
actuator 222, as well as magnet lift actuator 260 (see FIG. 41), are attached to the second rail
actuator carriage 257. Operation of the second linear rail actuator 258 causes the second linear rail
256 to rotate, and the threaded coupling between the second linear rail 256 and the rail actuator
carriage 257 causes linear translation of the first rail actuator carriage 257 across the second actuator
track 259, thereby moving the reagent plunger rod actuator 220, the process plunger rod actuator
222, and the magunet hift actuator 260 (see FIG. 41). Alternatively, translation of the second rail
actuator carriage 257 can be effected by rotating a threaded nut within the carriage while second

linear rail 256 remains fixed.

[00145] As shown in FIG. 36, actuator device 250 comprises a plurality of flex circuit heaters,
such as first flex circuit heater 270 and second flex circuit heater 274, which are substantially similar
and are exemplary of all flex circuit heaters of actuator device 250. Each processing station of
cassette 5 that comprises process chambers 38 (see FIG. 3} is associated with a separate flex circuit

heater

tor example, first processing station 500 and first intermediate processing station 510 (see
FIG. 1) are associated with first and second flex circuit heaters 270, 274, respectively, when cassette

5 1s installed in cassette tray 264 of actuator device 250. First flex circuit heater 270 comprises eight
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resistance heaters 272, and each of the other tlex circuit heaters of actuator device 250 likewise
comprises eight resistance heaters 272, The eight resistance heaters 272 of each flex circuit heater
correspond 1o, and are associated with, the eight process chambers 38 of a processing station
associated with the flex circuit heater. For example, each of the eight resistance heaters 272 of first
tlex circuit heater 270 corresponds to one of the eight process chambers 38 of first processing station
500, which is associated with first flex circuit heater 270. The process chambers 38 of cassette 3,
specifically the bottom surfaces of process chambers 38 formed by portions of base film 372 (see
FIGS. 3, 7}, are in physical contact with resistance heaters 272 of the multiple flex circuit heaters
(e.g., first and second flex circuit heaters 270, 274) when cassette 5 1s installed in cassette tray 204
of actuator device 250. Each resistance heater 272 can be controlied independently such that
actuator device 250 can maintain the same or different temperature independently in each process
chamber 38 of each processing station of cassette 5. Actuator device 250 may further comprise a
cooling fan 266 configured to draw air (e.g., ambient air) through a conduit or plenum under cassette
tray 264 across the bottom of the flex circuit heaters (e.g., first and second flex circuit heaters 270,
2743 to simultaneously lower the temperature in eight process chambers 38 of a given processing
station. The temperature control components, such as first and second flex circuit heaters 270, 274
and cooling fan 260, can achieve and maintain a fixed elevated temperature or perform thermal

cycling {e.g., for PCR purposes) within the process chambers 38 of a given processing station.

{00146} FIG. 37 is a perspective view of a reagent rotor rod actuator 240 and process rotor
rod actuator 242 of actuator device 250, Reagent rotor rod actuator 240 comprises a reagent rotor
rod actuator finger 244 that is (i) received and retained or (ii) released by reagent rotor rod yoke 231
of reagent rotor rod 230 (see FIG. 15) when reagent rotor rod actuator 240 1s (1) coupled or (i1} de-
coupled, respectively, to reagent rotor rod 230. Reagent rotor rod actuator finger 244 extends
through top-plate rotor control port 236 (see FIGS. 3, 40) to access, couple to, and actuate reagent
rotor rod 230. Process rotor rod actuator 242 comprises a process rotor rod actuator finger 246 that
is {1} received and retained or (i1) released by process rotor rod yoke 233 of process rotor rod 232
(see FIG. 15) when process rotor rod actuator 242 is (1) coupled or (i1} de-coupled, respectively, to
process rotor rod 232, Process rotor rod actuator finger 246 extends through base-plate rotor control

port 238 (see FIGS. 3, 40) to access, couple to, and actuate process rotor rod 232,

(001471 As shown in FIG. 37, the process rotor rod actuator finger 246 of process rotor rod

actuator 242 is linearly extended and reagent rotor rod actuator finger 244 of reagent rotor rod
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actuator 240 1s not extended (i.e., comparatively retracted). Reagent rotor rod actuator 240 can
actuate reagent rotor rod 230 (see FIG. 15) by (1) fully extending reagent rotor rod actuator finger
244 to couple to reagent rotor rod 230 and/or move reagent rotor rod 230 to a first position, {2}
partially extending/retracting reagent rotor rod actuator finger 244 to move reagent rotor rod 230 to
a second position, or (3} fully retracting reagent rotor rod actuator finger 244 to de-couple from
reagent rotor rod 230, which is retained within cassette 5. Process rotor rod actuator 240 can actuate
process rotor rod 232 (see FIG. 15) by (1) fully extending process rotor rod actuator finger 246 to
couple to process rotor rod 232 and/or move process rotor rod 232 1o a first position, (2} partially
extending/retracting process rotor rod actuator finger 246 to move process rotor rod 232 to a second
posttion, or (3} fully retracting process rotor rod actuator finger 246 to de-couple from process rotor

rod 232, which is retained within cassette 5.

n

[00148] FIG. 38 15 a perspective view of reagent plunger rod actuator 220 and process plunger
rod actuator 222 of actuator device 250. Reagent plunger rod actuator 220 comprises a first reagent
plunger rod actuator finger 224 that is (i} recetved and retained or (it} released by first reagent
plunger rod yoke 201 of first reagent plunger rod 200 (see F1G. 11) when reagent plunger rod
actuator 220 1s (1) coupled or (it} de-coupled, respectively, to first reagent plunger rod 200. Reagent
plunger rod actuator 220 comprises a second reagent plunger rod actuator finger 225 that is (i)
received and retained or {11} released by second reagent plunger rod yoke 203 of second reagent
plunger rod 202 (see FIG. 11) when reagent plunger rod actuator 220 is (i) coupled or (it} de-
coupled, respectively, to second reagent plunger rod 202, First and second reagent plunger rod
actuator fingers 224, 225 extend through top-plate pump control ports 212 (see FIGS. 2, 39} to
access, couple to, and actuate first and second reagent plunger rods 200, 202. Process plunger rod
actuator 222 comprises a first process plunger rod actuator finger 226 that is (i) received and
retained or (ii) released by first process plunger rod yoke 205 of first process plunger rod 204 (see
FIG. 11} when process plunger rod actuator 222 is (1) coupled or (it} de-coupled, respectively, to
tirst process plunger rod 204, Process plunger rod actuator 222 comprises a second process plunger
rod actuator finger 227 that is (i) received and retained or (i1) released by second process plunger rod
yoke 207 of second process plunger rod 206 (see FIG. 11) when process plunger rod actuator 222 is
(1} coupled or (i1} de-coupled, respectively, to second process plunger rod 206. First and second
process plunger rod actuator fingers 226, 227 extend through base-plate pump control ports 214 (see

FIGS. 2, 39) to access, couple to, and actuate first and second process plunger rods 204, 206
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[00149] As shown in FIG. 38, the first and second reagent plunger rod actuator fingers 224,
225 are linearly extended and first and second process plunger rod actuator fingers 226, 227 are not
extended (i.e., comparatively retracted). Reagent plunger rod actuator 220 can actuate first and
second reagent plunger rods 200, 202 (see FIG. 11) by (1) fully extending first and second reagent
plunger rod actuator fingers 224, 225 to couple to first and second reagent plunger rods 200, 202
and/or move first and second reagent plunger rods 200, 202 to a first position, {2) partially
extending/retracting first and second reagent plunger rod actuator fingers 224, 225 to move first and
second reagent plunger rods 200, 202 to a second position, or (3 fully retracting first and second
reagent plunger rod actuator fingers 224, 225 to de-couple from first and second reagent plunger
rods 200, 202, respectively, which are retained within cassette 5. Process plunger rod actuator 222
can actuate first and second process plunger rods 204, 206 (see FIG. 11} by (1) fully extending first
and second process plunger rod actuator fingers 226, 227 to couple to first and second process
plunger rods 204, 206 and/or move first and second process plunger rods 204, 206 to a first position,
(2) partially extending/retracting first and second process plunger rod actuator fingers 226, 227 to
move first and second process plunger rods 204, 206 to a second position, or (3) fully retracting first
and second process plunger rod actuator fingers 226, 227 to de-couple from first and second process

plunger rods 204, 200, respectively, which are retained within cassette 5.

[00150] FIG. 39 is a top perspective view of cassette 5 positioned relative to reagent and
process rotor rod actuators 240, 242, reagent and process plunger rod actuators 220, 222, and first
and second linear rails 252, 256 of actuator device 250 such that these components of actuator
device 250 are posttioned to actuate the internal components of cassette 5. Cassette tray 264 of
actuator device 250 15 not shown in FIG. 39 (see FIG. 36). Reagent plunger rod actuator 220
actuates a set of first and second reagent plunger rods 200, 202 {(see FIG. 11) of cassette 5 via a pair
of top-plate purop control ports 212, and second linear rail actuator 258 moves second rail actuator
carrtage 257 along with reagent plunger rod actuator 220 to different positions along second linear
rail 256 such that reagent plunger rod actuator 220 can actuate different sets of first and second
reagent plunger rods 200, 202 via different pairs of top-plate pump control ports 212, Process
plunger rod actuator 222 actuates a set of first and second process plunger rods 204, 206 (see FIG.
11) of cassette 5 via a pair of base-plate pump control ports 214, and second linear rail actuator 258
moves second rail actuator carriage 257 along with process plunger rod actuator 222 to difterent
positions along second linear rail 256 such that process plunger rod actuator 222 can actuate

different sets of first and second process plunger rods 204, 206 via different pairs of base-plate
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pump control ports 214, As shown in FIG. 39, reagent and process plunger rod actuators 220, 222
are located in a position on second linear rail 256 relative to cassette S so as to allow reagent and
process plunger rod actuators 220, 222 to actuate first and second reagent plunger rods 200, 202 and
first and second process plunger rods 204, 206 (see FIG. 11), respectively, of first processing station

500 (see FIG. 1) of cassetie 5.

{00151} Reagent rotor rod actuator 240 actuates a reagent rotor rod 230 (see FIG. 15) of
cassette 5 via a top-plate rotor control port 236 (see F1G. 40}, and first linear rail actuator 254 moves
first rail actuator carriage 253 along with reagent rotor rod actuator 240 to different positions along
first linear ratl 252 such that reagent rotor rod actuator 240 can actuate different reagent rotor rods
230 via different top-plate rotor control ports 236. Process rotor rod actuator 242 actuates a process
rotor rod 232 (see FIG. 15) of cassette S via a base-plate rotor control port 238 (see FIG. 40}, and
tirst linear rail actuator 254 moves first rail actuator carriage 253 along with process rotor rod
actuator 242 to different positions along first linear rail 252 such that process rotor rod actuator 242
can actuate different process rotor rods 232 via different base-plate rotor control ports 238, As
shown 10 FIG. 39, reagent and process rotor rod actuators 240, 242 are located tn a position on first
linear rail 252 relative to cassette 5 so as to allow reagent and process rotor rod actuators 240, 242 to
actuate reagent rotor rod 230 and process rotor rod 232 (see FIG. 15), respectively, of first

processing station 500 (see FIG. 1} of cassette 5.

(00152} FIG. 40 15 a bottom perspective view of cassette S positioned relative to first and
second flex circuit heaters 270, 274, first and second magnets (magnet arrays) 280, 290, and first
and second magnet lifters 282, 292 of actuator device 250, such that these components of actuator
device 250 are positioned to perform temperature control and/or magnet control in process chambers
38 of first processing station 500 and first intermediate processing station 510 (see FIG. 1) of
cassette 5. Cassette tray 264 of actuator device 250 is not shown in FIG. 40 (see FIG. 36). As
described above, when cassette S is installed 1o actuator device 250, first processing station 500 and
first intermediate processing station 510 are associated with first and second flex circuit heaters 270,
274, such that each of the eight process chambers 38 of first processing station 500 corresponds to
and is proximate to one of the eight resistance heaters 272 {see FI(G. 30) of first flex circuit heater
270, and such that each of the eight process chambers 38 of first intermediate processing station 510
corresponds to and is proximate to one of the eight resistance heaters (see FIG. 36) of second flex

circuit heater 274, In this instance, “proximate” means that the portion of base film 32 (shown as
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transtucent in FIG. 40) that forms the bottom surface of each process chamber 38 of first processing
station SO0 and first intermediate processing station 510 1s in physical contact with the
corresponding resistance heater 272 of the associated first and second flex circuit heaters 270, 274
{or at least sutficient physical proximity to permit etticient thermal transfer between the heater and
the associated process chamber. As described above, first and second flex circuit heaters 270, 274
can perform temperature control of process chambers 38 in first processing station 500 and first

intermediate processing station S10, respectively.

[00153] As shown in FIG. 40, when cassette 5 is installed 10 actuator device 250, each of the
eight process chambers 38 of first processing station 500 (see FIG. 1) corresponds to one of the
eight first magnets 280 of actuator device 250, and each of the eight process chambers 38 of first
intermediate processing station 510 (see FI(3. 1) corresponds to one of the eight second magnets 290
of actuator device 250, First magnets 280 are operatively associated with first magnet lifter 282
such that first magnet lifter 282 can be actuated to 1ift first magnets 280 into a first position or lower
first magnets 280 into a second position. In the lifted first position (as shown in FIG. 40}, first
magnets 280 press against first flex circuit heater 270 and are proximate to process chambers 38 of
tirst processing station 500 such that first magnets 280 apply a magnetic field to those process
chambers 38 through the first flex circuit heater 270, In the lowered second posttion, first magnets
280 are relatively less proximate to those process chambers 38 such that first magnets 280 do not
apply a magnetic field (or apply a weaker magnetic field) to those process chambers 38, Second
magnets 290 are operatively associated with second magnet lifter 292 such that second magnet lifter
292 can be actuated to lift second magnets 290 into a first position or lower second magnets 290 into
a second position. In the lifted first position, second magnets 290 press against second flex circuit
heater 274 and are proximate to process chambers 38 of first intermediate processing station 510
such that second magnets 290 apply a magnetic field to those process chambers 38 through the
second flex circuit heater 274. In the lowered second position (as shown in FIG. 40), second
magnets 290 are relatively less proximate to those process chambers 38 such that second magnets

290 do not apply a magnetic field {or apply a weaker magnetic field) to those process chambers 38.

[00154] In FIG. 40, the first magnets 280 are shown in the first, or raised, position, and the
second magnets 290 are shown in the second, or lowered, position. In an embodiment, a first cotl
spring 281 may be associated with each individual first magnet 280, and a second cotl spring 291

may be associated with each individual second magnet 290 for biasing the associated magnet in the
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lowered position whereby the magnet lifter 282 or 292 overcomes the biasing spring force to push

the magnets into the first, or raised, position.

[00155] As shown in FIG. 40, first flex circuit heater 270 and first magnets 280 are stacked
and second flex circuit heater 274 and second magnets 290 are stacked in actuator device 250 such
that when cassette 5 1s installed in actuator device 250, process chambers 38 of first processing
station 500 and process chambers 38 of first intermediate processing station 510, respectively, can
be subjected to temperature control, magnet control, or both temperature and magnet control.
Although not shown in FIG. 40, actuator device 250 comprises a flex circuit heater (such as first flex
circuit heater 270) and a set of magnets and magnet lifter (such as first magnets 280 and first magnet
lifter 282) associated with each processing station of cassette S that comprises process chambers 38
{e.g., first processing station 500}, That is, actuator device 250 comprises a flex circuit heater and a
set of magnets and magnet lifter to separately perform temperature and/or magnet control in each of
first processing station 500 and first, second, third, fourth, and fifth intermediate processing stations

510, 520, 530, 540, 550 (see FIG. 1}.

[00156] FIG. 41 1s a perspective view of second linear rail 256 of actuator device 250.
Coupled to second Hnear rail 256 via the second rail actuator carriage 257 are reagent plunger rod
actuator 220, process plunger rod actuator 222, and a magnet lift actuator 260 of actuator device
250. Second linear rail actuator 258 is configured to move the second rail actuator carriage 257
along with the reagent plunger rod actuator 220, process plunger rod actuator 222, and magnet Lift
actuator 260 to different positions along second linear rail 256, Magnet lift actuator 260 is
configured to actuate a magnet lifter to thereby lift or lower a set of magnets associated with the
magnet lifter — for example, configured to actuate magnet lifter 282 to lift or lower first magnets 280
{see FIGS. 40, 42). For example, magnet lift actuator 260 extends magnet [ift actuator arm 262
linearly downward to engage and downwardly rotate a first magnet lifter pedal 284 (see FIG. 42},
which rotates first magnet lifter 282 and thereby hifts first magnets 280, Magnet hift actuator 260
retracts magnet lift actuator arm 262 linearly upward to allow upward rotation of first magnet lifter
pedal 284, which rotates first magnet lifter 282 and thereby lowers first magnets 280, e.g , under the
biasing force of first coil springs 281 (see FIG. 40) assoctated with the first magnets 280. Second
linear rail actuator 258 is configured to move magnet lift actuator 260 along second linear rail 256
such that magnet lift actuator 260 can be re-positioned to actuate the magnet lifter {e.g., first magnet

lifter 282) of different processing stations of cassette 5 (e.g., first processing station 500, and then
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each of first, second, third, fourth, and fifth intermediate processing stations 510, 520, 530, 540,

550; see FIG. 1)

[00157} FIG. 42 shows an exploded top perspective view of first flex circuit heater 270, first
magnets 280, and first magnet lifter 282 of actuator device 250 positioned relative to a partial
perspective, cross-sectional view of cassette S taken along line A-A in FIG. 2, which exposes
process chambers 38 of first processing station 500 (see FIG. 1), As discussed above, when cassetie
5 1s installed in actuator device 250, each process chamber 38 of first processing station 500
corresponds to a separate resistance heater 272 of first flex circuit heater 270, where each resistance
heater 272 independently controls the temperature in a process chamber 38 and is in physical contact
with the portion of base film 32 that forms the bottom surface of the process chamber 38, The
physical contact is enhanced by pressurizing cassette S, specifically the process chambers 38, which
pushes the portions of base film 32 that form the bottom surfaces of process chambers 38 against the
top surface of first flex circuit heater 270 and the resistance heaters 272 thereof. Also, as discussed
above, when cassette 5 is installed in actuator device 250, each process chamber 38 of first
processing station 500 corresponds to a first magnet 280, where rotating first magnet lifter pedal 284
downward or upward thereby rotates first magnet lifter 282, which lifts or lowers, respectively, first
magnets 280 to perform magnet control of the process chambers 38, When first magnets 280 are
lifted to apply a magnetic field to process chambers 38, first magnets 280 press against the bottom
surface of first flex circuit heater 270. These aspects of first processing station 500 and the
associated first flex circuit heater 270, first magnets 280, and first magnet lifter 282, as shown in
FIG. 42, also apply to each of the other processing stations of cassette 5 (e.g., first, second, third,

fourth, and fifth intermediate processing stations 510, 520, 530, 540, 550; see FIG. 1)

[00158] FIG. 43 15 a schematic diagram tllustrating a general overview of operation of a
single fluid channel of the fluid processing cassette described above. As shown in FIG. 43, sample
provided at the input well 34 progresses through each of the processing stations 500, 510, 520, 530,
540, 550 and then to the output well 36, FIG. 43 is exemplary; the cassetie may include more or less
than six processing stations. In addition, FIG. 43 shows only a single fluid channel. Each
processing station and each process illustrated in FIG. 43 can stmultanecusly occur within one or

more additional fluid channels, as described above.

[00159] At each processing station, a reagent is added to the sample, and a process, or

reaction, involving the sample/reagent mix occurs within the process station. At first processing
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station 500, reagent “A” is added to the sample, and a process or reaction “A” occurs within the first
processing station 500. In connection with process or reaction “A” occurring in the first processing
station SO0, thermal control, magnetic control, or both, is (are) applied to the sample/reagent mixture
50 as to effect one aspect of the process, such as promoting a reaction {e.g., an amplification or
hybridization) or performing a magnetic separation procedure. Thermal, or temperature, control can
be implemented to control an elevated reaction temperature or thermal cycling (e.g, for purposes of
polymerase chain reaction (PCR)). Magnetic control can be performed using a permanent magnet,

for example, by changing the distance between a permanent magnet and fluid in a fluid channel.

[00160] Following process or reaction “A”, the resulting mixture 1s moved from first
processing station 500 to first intermediate processing station 510, At first intermediate processing
station 510, reagent “B” is added to the sample, and a process or reaction “B” occurs within the first
intermediate processing station S10. In connection with process or reaction “B” occurring in the
first intermediate processing station 510, thermal control, magnetic control, or both, is (are) applied
to the sample/reagent mixture so as to effect one aspect of the process, such as promoting a reaction

(e.g., an amplification or hybridization) or performing a magnetic separation procedure.

[00161] The mixture 18 successively moved to intermediate processing stations 520, 530, 540,
550. At each intermediate processing station 520, 530, 540, 550, reagent “C,” “D,” “E,” and “F”
respectively, 1s added to the sample, and a process or reaction “C,” “D.)” “E,” and “F” occurs within
the intermediate processing station 520, 530, 540, 550, respectively. In connection with process or
reaction “C,” “D,” “E.”, and “F” occurring in the intermediate processing stations 520, 530, 540,
550, thermal control, magnetic control, or both, is {are} applied to the sample/reagent mixture so as
to effect one aspect of the process, such as promoting a reaction {e.g., an amplification or

hybridization) or performing a magnetic separation procedure.

[00162] End processing station 560 shown 1n FIG. 1 is not represented in FIG. 43, End
processing station 560 does not involve the addition of reagent to the sample mixture or a process or
reaction occurring at the end process station 560 or the associated thermal and/or magnetic control,
but instead only involves the movement of mixture from the last intermediate processing station 550

to the output well 36,

[00163] FIG. 44 15 a schematic diagram illustrating operation of various processing stations of

a single fluid channel within the fluid processing cassette described above.
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[00164] The schematically-represented fluid processing cassette in FIG. 44 shows the first
purap assembly column 501 {column A) of first processing station 500 and the first intermediate

pump assembly column 511 {(column B) of the first intermediate process station 510

[00165] First pump assembly column 501 (columun A} includes a first valve VA1 (e g, lower
rotor valve 170A exemplary of lower rotor valve 170 described above), a process pump chamber
PA1 (e.g, process pump chamber 105A exemplary of first process pump chamber 105 described
above), a reagent pump chamber PAZ (e.g., reagent pump chamber 85A exemplary of first reagent
pump chamber 85 described above), a second valve VAZ (e.g., upper rotor valve 150A exemplary of
upper rotor valve 150 described above), reagent input well RGTA (e.g., reagent input well 14A
exemplary of reagent well 14 described above), and reaction chamber RA (e.g, process chamber

38A exemplary of process chamber 38 described above).

[00166] First intermediate pump assembly column 511 {column B} includes a first valve VB1
(e.g., lower rotor valve 170B exemplary of lower rotor valve 170 described above), a process pump
chamber PB1 {(e.g, process pump chamber 105B exemplary of first process pump chamber 105
described above), a reagent pump chamber PB2 (e.g., reagent pump chamber 85B exemplary of first
reagent pump chamber 85 described above), a second valve VB2 {e.g., upper rotor valve 150B
exemplary of upper rotor valve 150 described above}, reagent input well RGTB (e.g., reagent input
well 14B exemplary of reagent well 14 described above), and reaction chamber RB (e g, process

chamber 388 exemplary of process chamber 38 described above}.

[00167] The rematning intermediate process processing stations 520, 530, 540, 550 (columns
C to F) would each be configured in substantially the same manner as first intermediate pump
assembly column 511 of first intermediate processing station 510 and are vot shown 1 detail 10 FIG.

44.

[00168] FIG. 44 shows processing stations and associated pump assembly columns for only a
single fluid processing chanuel. Each of the processing stations and associated purop assembly
columns tllustrated in FIG. 44 can be provided, and the assoctated functions can be performed

simultaneously, at one or more additional fluid channels as described above.

[00169] Sample material s placed in the sample input well 34, First valve VAT of column A
is contfigured to connect the input well 34 to the process pump chamber PAT of column A. A

process pump operable within the process pump chamber PA1 is activated to move an amount of
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sample material from the input well 34 to the process pump chamber PA1, as represented by arrow
“S” between the input well 34 and the first valve VAL, First valve VAT is next configured to
connect the process pump chamber PAT to the reaction chamber RA of first processing station 500,
and the process pump is activated to move sample material from the process pump chamber PA1 to
the reaction chamber RA, as represented by arrow “8” between the first valve VAT and the reaction

chamber RA.

[00170} A first reagent, reagent “A,” is placed, or contained, in the reagent input well RGTA
of first processing station 300. Second valve VAZ of columu A is configured to connect the reagent
input well RGTA to the reagent pump chamber PAZ of column A. A reagent pump operable within
the reagent pump chamber PAZ is activated to move an amount of reagent “A” from the reagent
input well RGTA to the reagent pump chamber PA2. Second valve VAZ is next configured to
connect the reagent pump chamber PA2 to the reaction chamber RA, and the reagent pump 13
activated to move reagent “A” from the reagent pump chamber PAZ to the reaction chamber RA,

thereby forming a mixture of sample and reagent “A” in reaction chamber RA.

(00171} In an alternate embodiment, the order of adding sample and reagent to reaction

chamber RA may be reversed.

[00172] A process or reaction “A” occurs in reaction chamber RA in the first processing
station 500 as thermal control, magnetic control, or both (as represented by arrow “T or M7}, is (are)
applied to the sample/reagent mixture within reaction mixture RA so as to effect one aspect of the
process, such as promoting a reaction (e.g., an amplification or hybridization) or performing a
magnetic separation procedure. Thermal, or temperature, control can be implemented, e.g., by
resistance heater 272 of first flex circuit heater 270 and/or cooling fan 266 described above (see
FIG. 36}, to control an elevated reaction temperature or thermal cycling (e g, for purposes of
polymerase chain reaction (PCR)). Magnetic control can be performed using a permanent magnet,
for example, by changing the distance between a permanent magnet and fluid in a fluid channel,

e.g., by first magnet lifter 282 lLifting a first magnet 280 as described above (see FIGS. 40, 42).

[00173]} To effect a magnetic wash procedure on the mixture contained in the reaction
chamber RA, first valve VA1 is configured to connect reaction chamber RA to process pump
chamber PA1, and the process pump is activated while a magnetic field 1s applied to the contents of

the reaction chamber RA (e.g., by first magnet lifter 282 lifting a first maguet 280) to move material
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that is not immobilized by the magnetic field from reaction chamber RA to the process pump
chamber PA1, as represented by arrow “W” between reaction chamber RA and first valve VAL
First valve VA1 can then be configured to connect process pump chamber PA1 to input well 34, and
the process pump can be activated to move material from the process pump chamber PA1 to the
input well 34, as represented by arrow “W” between first valve VAT and input well 34, to thereby

sequester waste material within the input well 34.

[00174] Next, the material in reaction chamber RA is moved from first processing station 500
to first intermediate processing station 510, First valve VB of columin B 15 configured to connect
the reaction chamber RA of first processing station 500 to the process pump chamber PB1 of
column B. A process pump operable within the process pump chamber PB1 is activated to move an
amount of sample mixture from the reaction chamber RA to the process pump chamber PB1, as
represented by arrow “S7 between the reaction chamber RA and the first valve VB, First valve
VB1 is next configured to connect the process pump chamber PB1 to the reaction chamber RB of
first intermediate processing station 510, and the process pump is activated to move material from
the process pump chamber PB1 to the reaction chamber RB, as represented by arrow “S” between

the first valve VB1 and the reaction chamber RB.

[00175] A second reagent, reagent “B,” is placed, or contained, in the reagent input well
RGTB of first intermediate processing station 510, Second valve VB2 of column B is configured to
connect the reagent tnput well RGTB to the reagent pump chamber PB2 of column B. A reagent
pump operable within the reagent pump chamber PB2 1s activated to move an amount of reagent
“B” from the reagent input well RGTB to the reagent pump chamber PB2. Second valve VB2 is
next configured to connect the reagent pump chamber PB2 to the reaction chamber RB, and the
reagent purap is activated to move reagent “B” from the reagent pump chamber PB2 to the reaction

chamber RB, thereby forming a mixture including sample and reagent “B” in reaction chamber RB.

[00176] In an alternate embodiment, the order of adding sample mixture and reagent to

reaction chamber RB may be reversed.

[00177} A process or reaction “B” occurs in reaction chamber RB in the first intermediate
processing station 510 as thermal control, magnetic control, or both (as represented by arrow “T or
M}, 1s {(are) applied to the sample/reagent mixture within reaction chamber RB so as to effect one

aspect of the process, such as promoting a reaction {e.g., an amplification or hybridization) or
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performing a magnetic separation procedure. Thermal, or temperature, control can be implemented,
e.g., by resistance heater 272 of second flex circuit heater 274, described above (see FIG. 36), to
control an elevated reaction temperature or thermal cycling {e.g., for purposes of polymerase chain
reaction {PCR)). Magnetic control can be performed using a permanent magnet, for example, by
changing the distance between a permanent magnet and fhuid in a fluid channel, e.g., by second

magnet lifter 292 lifting a second magnet 290, as described above (see FIGS. 40, 42).

[00178] To effect a magnetic wash procedure on the mixture contained in the reaction
chamber BB, first valve VB1 1s configured to connect reaction chamber RB to process pump
chamber PB1, and the process pump is activated while a magnetic field is applied to the contents of
the reaction chamber RB (e g, by second magnet lifter 292 lifting a second magnet 290) to move
material that is not immobilized by the magnetic field from reaction chamber RB to the process
pump chamber PB1, as represented by arrow “W” between reaction chamber RB and first valve
VBI1. First valve VB can then be configured to connect process pump chamber PB1 to reaction
chamber RA of first processing station 500, and the process pump can be activated to move material
from the process pump chamber PB1 to the reaction chamber RA, as represented by arrow “W”
between first valve VB1 and reaction chamber RA, to sequester waste material in the reaction

chamber RA.

[00179]} One or more of the above-described processes can be performed at each of

intermediate processing stations 520, 530, 540, 550 {colummns C to F).

[00180] To move the finally-processed mixture (e.g., purified sample) to the cutput well 36
from the penultimate processing station, a first valve of end processing station 560 (see FIG. 1} 1s
configured to connect the reaction chamber of the penultimate processing station to the process
pump chamber of end processing station 560. A process pump operable within the process pump
chamber is activated to move an amount of sample mixture from the reaction chamber of the
penultimate processing station to the process pump chamber of end processing station 560. The first
valve of end processing station 560 1s next configured to connect the process pump chamber of end
processing station 560 to the output well 36, and the process pump is activated to move sample

mixture from the process pump chamber to the output well 36.

[00181] It should be appreciated that all combinations of the foregoing concepts and

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

be accorded a meaning most consistent with the particular concepts disclosed herein.

[00182] While the subject matter of this disclosure has been described and shown in
considerable detail with reference to certain illustrative examples, including various combinations
and sub-combinations of features, those skilled 1n the art will readily appreciate other examples and
variations and modifications thereof as encompassed within the scope of the present disclosure.
Moreover, the descriptions of such examples, combinations, and sub-combinations is not intended to
convey that the claimed subject matter requires features or combinations of features other than those
expressly recited in the claims. Accordingly, the scope of this disclosure 1s intended to include all
modifications and variations encompassed within the spirit and scope of the following appended

claims.
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CLAIMS

1. A fluid processing device comprising:
two or more fluid channels; and
at least a first processing station comprising:

a first process pump assembly associated with each of the two or more tluid
channels;

a first process chamber associated with each of the two or more fluid channels,
wherein the first process pump assemblies of the first processing station are configured to be
operable in unison to simultaneously move a fhud through a portion of each associated fluid
channel and into each associated first process chamber;

a first reagent purp assembly associated with each of the two or more fluid channpels;

a first reagent input well associated with each of the two or more fluid channels; and

a first reagent channel associated with each first reagent input well connecting each
first reagent input well to the first process chamber of the associated fluid channel, wherein
the first reagent pump assemblies of the first processing station are contigured to be operable
in unison to simultaneocusly move a reagent from each first reagent input well of the
associated fluid channel through the associated reagent channel and into each first process

chamber of the associated fluid channel.

2. The tluid processing device of claim 1, further comprising a sample input well associated
with each of the two or more fluid channels, wherein the first process pump assemblies of the first
processing station are configured to be operable in unison to simultaneously move a fluid sample
from each sample input well of the associated fluid channel through a portion of the associated fluid

channel and into each first process chamber of the associated fluid channel.

3. The fluid processing device of claim 1 or 2, further comprising:

a sample output well associated with each of the two or more fluid channels; and

a second processing station comprising a second process pump assembly associated with
each of the two or more fluid channels, wherein the second process pump assernblies of the second
processing station are configured to be operable in unison to simultaneously move a fluid through a
portion of each assoctated fluid channel and into each sample output well of the associated fluid

channel.
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4. The fluid processing device of claim 3, further comprising one or more intermediate
processing stations disposed between the first processing station and the second processing station,
wherein each intermediate processing station comprises:

an intermediate process pump assembly associated with each of the two or more fluid
channels;

an intermediate process chamber associated with each of the two or more fluid channels,
wherein the intermediate process pump assemblies of each intermediate processing station are
contfigured to be operable in unison to simultaneously move a fluid from a process chamber of a
preceding one of the processing stations through a portion of each associated fluid channel and into
each intermediate process chamber of the intermediate processing station;

an intermediate reagent pump assembly associated with each of the two or more fluid
channels;

an intermediate reagent input well associated with each of the two or more fluid channels;
and

an intermediate reagent channel assoctated with each intermediate reagent input well
connecting each intermediate reagent input well to the intermediate process chamber of the
associated fluid channel, wherein the intermediate reagent pump assemblies of the intermediate
processing station are configured to be operable in unison to simultaneously move a reagent from
each intermediate reagent input well of the associated fluid channel through the associated
intermediate reagent channel and into each intermediate process chamber of the associated fluid

channel,

5. The fluid processing device of claim 4, comprising five intermediate processing stations

disposed between the first processing station and the second processing station.
6. The fhuid processing device of claim 5, wherein each of the first, second, and intermediate
process pump assemblies comprises:

a process stator defining a process pump chamber and a process chamber port in
communication with the process pump chamber;

a process plunger disposed within the process pump chamber and connected to a process
plunger rod, wherein the process plunger is movable via the process plunger rod within the process

pump chamber in a first direction drawing fluid into the process pump chamber through the process
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chamber port or a second direction expelling fluid from the process pump chamber through the
process chamber port; and

a process valve coupled to the process stator and movable between a first position fluidly
connecting the process chamber port to an upstream portion of the associated fluid channel and a
second position fluidly connecting the process chamber port to a downstream portion of the
assoctated fluid channel, wherein the downstream portion of the associated fluid channel is in fluid

communication with the associated process chamber or the associated sample output well.

7. The fluid processing device of claim 6, wherein the process valve comprises a rotor that 1s
rotatably mounted with respect to the process stator for rotational movement between the first

position and the second position.

8. The fhuid processing device of any one of claims 5 to 7, wherein each of the first and
intermediate reagent pump assemblies comprises:

a reagent stator defining a reagent pump chamber and a reagent chamber port in
communication with the reagent pump chamber;

a reagent plunger disposed within the reagent pump chamber and connected 1o a reagent
plunger rod, wherein the reagent plunger 1s movable via the reagent plunger rod within the reagent
pump chamber in a first direction drawing fluid into the reagent pump chamber through the reagent
chamber port or a second direction expelling fluid from the reagent pump chamber through the
reagent chamber port; and

a reagent valve coupled to the reagent stator and movable between a first position fluidly
connecting the reagent chamber port to the associated reagent input well and a second position

fluidly connecting the reagent chamber port to the associated process chamber.

9. The fluid processing device of claim 8, wherein the reagent valve comprises a rotor that is
rotatably mounted with respect to the reagent stator for rotational movement between the first

position and the second position,

10. The processing device of claim 6 or 9, wherein the process pump assemblies of each of the
first, second, and intermediate processing stations comprise a single process plunger rod, and all of
the process plungers of the process pump assemblies of each processing station are attached to the

single process plunger rod, so that axial movement of the single process plunger rod effects
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sumultaneous movement of the process plungers within their respective process pump chambers in

their respective first and second directions.

11.  The processing device of any one of claims 6 t¢ 10, wherein the reagent pump assemblies of
each of the first and intermediate processing stations comprise a single reagent plunger rod, and all
of the reagent plungers of the reagent pump assemblies of each processing station are attached to the
single reagent plunger rod, so that axial movement of the single reagent plunger rod effects
sumultaneous movement of the reagent plungers within their respective reagent pump chambers in

their respective first and second directions.

12, The processing device of any one of claims 6 to 11, wherein the process pump assemblies of
each of the first, second, and intermediate processing stations comprise a process valve rod, and all
of the process valves of the process pump assemblies of each processing station are coupled to the
process valve rod, so that movement of the process valve rod effects simultaneous movement of the

process valves between their respective first and second positions.

13, The processing device of any one of claims 6 t¢ 12, wherein the reagent pump assemblies of
each of the first and intermediate processing stations comprise a reagent valve rod, and all of the

reagent valves of the reagent pump assemblies of each processing station are coupled to the reagent
valve rod, so that movement of the reagent valve rod effects simultaneous movement of the reagent

valves between their respective first and second positions.

14, The processing device of any one of claims 1 to 13, comprising four fluid channels.
15 A fluid processing device comprising:

a plurality of fluid channels comprising a first set of two or more fluid channels and a second
set of two or more fluid channels; and
at least an initial processing station comprising:

a first initial process pump assembly associated with each of the two or more fluid
channels of the first set and a second initial process pump assembly associated with each of
the two or more fluid channels of the second set;

an initial process chamber associated with each of the plurality of fluid channels,

wherein the first initial process pump assemblies of the initial processing station are

configured to be operable in unison to siraultaneously move a fluid through a portion of each
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associated fluid channel of the first set and into each associated inttial process chamber, and
the second initial process pump assemblies are configured to be operable in unison to
simultaneously move a fluid through a portion of each associated fluid channel of the second
set and into each associated initial process chamber;

a first initial reagent pump assembly associated with each of the two or more fluid
channels of the first set and a second initial reagent pump assembly associated with each of
the two or more fluid channels of the second set;

an tntial reagent input well associated with each of the plurality of fluid channels;
and

an initial reagent channel associated with each initial reagent input well connecting
the initial reagent input well to the initial process chamber of the associated fluid channel,

wherein the first initial reagent pump assemblies are configured to be operable in
unison to simultanecusly move a reagent from each initial reagent input well of the
associated fluid channel of the first set through the associated initial reagent channel and iuto
each initial process chamber of the associated fluid channel of the first set, and the second
initial reagent pump assemblies are configured to be operable in unison to simultaneously
move a reagent from each initial reagent input well of the associated tluid channel of the
second set through the associated initial reagent channel and into each initial process

chamber of the associated fluid channel of the second set.

16, The fluid processing device of claim 15, further comprising a sample input well associated
with each of the plurality of fluid channels, wherein the first initial process pump assemblies of the
initial processing station are configured to be operable in unison to simultanecusly move a fluid
sample from each sample input well of the associated tluid channel of the first set through a portion
of the associated tluid channel and into each initial process chamber of the associated fluid channel
of the first set, and the second initial process pump assemblies of the initial processing station are
configured to be operable in unison to simultaneously move a fluid sample from each sample input
well of the associated fluid channel of the second set through a portion of the associated fluid

channel and into each initial process chamber of the associated fluid channel of the second set.

17.  The fluid processing device of claim 15 or 16, further comprising:

a sample output well associated with each of the plurality of flurd channels; and
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a terminal processing station comprising a first terminal process pump assembly assoctated
with each of the two or more tluid channels of the first set and a second terminal process pump
assembly associated with each of the two or more fluid channels of the second set, wherein the first
terminal process pump assemblies of the terminal processing station are configured to be operable in
unison to simultaneously move a fluid through a portion of each associated fluid channel of the first
set and into each sample output well of the associated fluid channel of the first set, and the second
terminal process pump assemblies of the terminal processing station are configured to be operable in
unison to simultanecusly move a fluid through a portion of each associated thiid channel of the

second set and into each sample output well of the associated fluid channel of the second set.

18, The fluid processing device of claim 17, further comprising one or more intermediate
processing stations disposed between the initial processing station and the terminal processing
station, wherein each intermediate processing station comprises:

a first intermediate process purmp assembly associated with each of the two or more fluid
channels of the first set, and a second intermediate process pump assembly associated with each of
the two or more fluid channels of the second set;

an intermediate process chamber associated with each of the plurality of fluid channels,
wherein the first intermediate process pump assemblies of each intermediate processing station are
configured to be operable in unison to simultaneously move a fluid from a process chamber of a
preceding one of the processing stations through a portion of each associated fluid channel of the
first set and 1nto each associated intermediate process chamber of the first set, and wherein the
second intermediate process pump assemblies of each intermediate processing station are configured
to be operable 10 unison to simultaneously move a fluid from a process chamber of the preceding
processing station through a portion of each associated fluid channel of the second set and into each
associated intermediate process chamber of the second set;

a first intermediate reagent pump assembly assoctated with each of the two or more fluid
channels of the first set and a second intermediate reagent pump assembly associated with each of
the two or more fluid channels of the second set;

an intermediate reagent input well associated with each of the plurality of fluid channels; and

an interrediate reagent channel associated with each intermediate reagent input well
connecting the intermediate reagent input well to the intermediate process chamber of the associated

fluid channel,
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wherein the first intermediate reagent pump assemblies of the intermediate processing station
are configured to be operable in unison to simultanecusly move a reagent from each intermediate
reagent input well of the associated fluid channel of the first set through the associated intermediate
reagent channel and into each intermediate process chamber of the associated tluid channel of the
first set, and the second intermediate reagent pump assemblies of the intermediate processing station
are configured to be operable in unison to simultanecusly move a reagent from each intermediate
reagent input well of the associated fluid channel of the second set through the associated
intermediate reagent channel and into each intermediate process chamber of the associated flutd

channel of the second set.

19. The fluid processing device of claim 18, comprising five intermediate processing stations

disposed between the initial processing station and the ternmunal processing station.

20, The fluid processing device of claim 18, wherein each of the first and second process pump
assemblies of each of the initial, intermediate, and terminal processing stations comprises:

two or more process stators, wherein each process stator defines first and second process
pump chambers and first and second process chamber ports in fluid communication with the first
and second process pump chambers, respectively;

a process plunger disposed within each first and second process pump chamber, wherein the
process plungers disposed within the first process pump chambers are connected to a first process
plunger rod, and the process plungers disposed within the second process pump chambers are
connected to a second process plunger rod,

wherein the process plungers disposed within the first process pump chambers are movable
via the first process plunger rod in a first direction to simultaneously draw fluid into the first process
purmp chambers through the associated first process chamber ports or a second direction to
simultaneousty expel fluid from the first process pump chambers through the associated first process
chamber ports, and wherein the process plungers disposed within the second process pump
chambers are movable via the second process plunger rod in a first direction to simuitaneously draw
fluid into the second process pump chambers through the associated second process chamber ports
or a second direction to simultaneously expel fluid from the second process pump chambers through

the associated second process chamber ports; and
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a process valve coupled to each process stator and movable between a first position fluidly
connecting the first and second process chamber ports to an upstream portion of each associated
fluid channel and a second position fluidly connecting the first and second process chamber ports to
a downstream portion of each associated fluid channel, wherein the downstream portion of the
associated fluid chaonel is in fluid communication with the associated process chamber or the

assoctated sample output well.

21, The fluid processing device of claim 20, wherein the process valve comprises a rotor that is
rotatably mounted with respect to the process stator for rotational movement between the first

position and the second position,

22, The fhuid processing device of any one of claims 18 to 21, wherein each of the first and
second process pump assemblies of each of the initial and intermediate processing stations
comprises:

two or more reagent stators, wherein each reagent stator defines first and second reagent
purap chambers and first and second reagent chamber ports in fluid communication with the reagent
pump chambers, respectively;

a reagent plunger disposed within each first and second reagent pump chamber, wherein the
reagent plungers disposed within the first reagent pump chambers are connected to a first reagent
plunger rod, and the reagent plungers disposed within the second reagent purnp chambers are
connected to a second reagent plunger rod,

wherein the reagent plungers disposed within the first reagent pump chambers are movable
via the first reagent plunger rod 1n a first direction drawing fluid into the first reagent pump
chambers through the first reagent chamber ports or a second direction expelling fluid from the first
reagent pump chambers through the first reagent chamber ports, and the reagent plungers disposed
within the second reagent pump chambers are movable via the second reagent plunger rod in a first
direction drawing fluid into the second reagent pump chambers through the second reagent chamber
ports or a second direction expelling thuid from the second reagent pump chambers through the
second reagent chamber ports; and

a reagent valve coupled to the reagent stator and movable between a first position fluidly

connecting the first and second reagent chamber ports to the associated first and second reagent
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input wells and a second position fluidly connecting the first and second reagent chamber ports to

the associated process chambers.

23, The fluid processing device of claim 22, wherein the reagent valve comprises a rotor that is
rotatably mounted with respect to the reagent stator for rotational movement between the first

position and the second position.

24, The processing device of any one of claims 20 to 22 wherein the first and second process
pump assemblies of each of the initial, intermediate, and terminal processing stations comprise a
process valve rod, and all of the process valves of the process pump assemblies of each processing
station are coupled to the process valve rod, so that movement of the process valve rod effects

simultaneous movement of the process valves between their respective first and second positions.

25, The processing device of any one of claims 20 to 24, wherein the reagent pump assemblies
of each of the initial and intermediate processing stations comprise a reagent valve rod, and all of
the reagent valves of the reagent pump assemblies of each processing station are coupled to the
reagent valve rod, so that movement of the reagent valve rod effects simultaneous movement of the

reagent valves between their respective first and second positions.

26.  The processing device of any one of claims 15 to 25, comprising eight fluid channels.
27. A device for processing a fluid processing cassette, the fluid processing cassette having one

or more process chambers within which sample material is mixed with at least one reagent to form a
sample mixture, the device comprising:

a cassette tray for receiving and holding a fluid processing cassette;

one or more magnets, wherein each magnet is associated with a process chamber of the fluid
processing cassette held in the cassette tray, and wherein each magnet is movable between a first
position refative to the associated process chamber that applies a magnetic field to the sample
mixture within the associated process chamber and a second position relative to the associated
process chamber so as to apply a reduced magnetic field to the sample mixture within the associated
process chamber when the magnet is in the second position compared to when the magnet is in the

first position; and
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one or more thermal elements, wherein each thermal element is positioned between an
assoctated process chamber of the fluid processing cassette held in the cassette tray and the magnet
associated with the associated process chamber, and wherein each of the one or more thermal
elements is controlled to selectively heat and/or cool the sample mixture within the associated
process chamber, and

wherein the thermal elements are configured to heat or cool the sample mixture within the
associated process chamber at the same time or at a different time that the magnet 1s in the first

position and applying a magnetic field to the sample mixture within the associated process chamber,

28, The device of claim 27, wherein the one or more magnets comprises a permanent magnet
assoctated with each process chamber of the fluid processing cassette, and wherein the device
further comprises:

a spring coupled to each permanent magnet and configured to bias the permanent magnet
into the second position; and

a magnet lifter disposed below one or more of the permanent magnets and configured to
selectively lift the one or more permanent magnets against the bias of each magnet’s spring into the

magnet’s first position.

29, The device of claim 27, further comprising:
a magnet lifter pedal coupled to the magnet lifter; and
a magnet lift actuator including an extendible magnet lift actuator arm configured to engage

the magnet lifter pedal to lift actuate the magnet lifter to lift the permanent magnets.

30, The device of claim 29, comprising two or more magnet lifters and associated magnet lifter
pedals, and wherein the magnet Lift actuator 1s selectively moveable into an operative position with
respect to a different one of the magnet hifters so that the magnet lift actuator arm can engage the

associated magnet lifter pedal.

31 The device of any one of claims 27 to 30, wherein each thermal element comprises a
resistance heater attached to a heater circuit and wherein the temperature of each resistance heater 13

independently controllable.
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32. The device of any one of claims 27 to 31, wherein each magnet is configured to apply a
magnetic field to the sample mixture within its associated process chamber through the associated

thermal element when the magnet is in its first position.

33 A method for processing a fluid processing cassette, the fluid processing cassette having one
or more process chambers within which sample material s mixed with at least one reagent to form a
sample mixture, the method comprising:

A applying a magnetic field to the sample mixture within each process chamber by
moving a magnet assoctated with each process chamber from a position not proximate to the
assoctated process chamber to a position proximate to the associated process chamber; and

B selectively heating and/or cooling the sample mixture within each process chamber
with one or more thermal elements, each thermal element being positioned between an associated
process chamber and the magnet associated with the associated process chamber,

wherein steps A and B can occur at the same time or at a different time at each associated

process chamber.
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A. CLASSIFICATION OF SUBJECT MATTER

CPC -

IPC(8) - BO1L 3/00; GO1N 33/48; GO1N 33/50; GO1N 33/53; GO1N 35/00 (2020.01)
BO1L 3/5027; BO1L 3/50273; GO1N 33/487; GO1N 35/0098 (2020.05)

According to International Patent Classification (IPC) or to both national classification and [PC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

USPC - 422/502; 422/503; 422/504; 422/505 (keyword delimited)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2010/0165784 A1 (JOVANOVICH et al) 01 July 2010 (01.07.2010) entire document 1-3
A US 9,121,058 B2 (STERN et al) 01 September 2015 (01.09.2015) entire document 1-7, 15-21, 27-31, 33
A US 2018/0095100 A1 (GENMARK DIAGNOSTICS, INC.) 05 April 2018 (05.04.2018) entire 1-7, 15-21, 27-31, 33
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“E" earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of andther citation or other
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means

“P”  document published prior to the international filing date but later than

the priority date claimed
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the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered 10 involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This interational search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. [:I Claims Nos.:

because they relate to parts of the intemational application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. K‘ Claims Nos.: 8-14, 22-26, 32
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See extra sheet(s).

1. ﬁ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest E] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

K‘ No protest accompanied the payment of additional search fees.
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Continued from Box No. il Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |, claims 1-7 and 15-21, are drawn to a fluid processing device comprising: two or more fluid channels; and at least a first
processing station comprising: a first process pump assembly associated with each of the two or more fluid channels.

Group Il, claims 27-31 and 33, are drawn to a device for processing a fluid processing cassette, the fluid processing cassette having one
or more process chambers within which sample material is mixed with at least one reagent to form a sample mixture.

The inventions listed as Groups |-11 do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons: the special technical feature of the Group
I invention: two or more fluid channels; and at least a first processing station comprising: a first process pump assembly associated with
each of the two or more fluid channels; a first process chamber associated with each of the two or more fluid channels, wherein the first
process pump assemblies of the first processing station are configured to be operable in unison to simultaneously move a fluid through a
portion of each associated fluid channel and into each associated first process chamber; a first reagent pump assembly associated with
each of the two or more fluid channels; a first reagent input well associated with each of the two or more fluid channels; and a first
reagent channel associated with each first reagent input well connecting each first reagent input well to the first process chamber of the
associated fluid channel, wherein the first reagent pump assemblies of the first processing station are configured to be operable in
unison to simultaneously move a reagent from each first reagent input well of the associated fluid channel through the associated
reagent channel and into each first process chamber of the associated fluid channel as claimed therein is not present in the invention of
Group II. The special technical feature of the Group Il invention: the fluid processing cassette having one or more process chambers
within which sample material is mixed with at least one reagent to form a sample mixture, the device comprising: a cassette tray for
receiving and holding a fluid processing cassette; one or more magnets, wherein each magnet is associated with a process chamber of
the fluid processing cassette held in the cassette tray, and wherein each magnet is movable between a first position relative to the
associated process chamber that applies a magnetic field to the sample mixture within the associated process chamber and a second
position relative to the associated process chamber so as to apply a reduced magnetic field to the sample mixture within the associated
process chamber when the magnet is in the second position compared to when the magnet is in the first position; and one or more
thermal elements, wherein each thermal element is positioned between an associated process chamber of the fluid processing cassette
held in the cassette tray and the magnet associated with the associated process chamber, and wherein each of the one or more thermal
elements is controlled to selectively heat and/or cool the sample mixture within the associated process chamber, and wherein the
thermal elements are configured to heat or cool the sample mixture within the associated process chamber at the same time or at a
different time that the magnet is in the first position and applying a magnetic field to the sample mixture within the associated process
chamber as claimed therein is not present in the invention of Group I.

Groups | and Il lack unity of invention because even though the inventions of these groups require the technical feature of a fluid
processing device comprising one or more process chambers with at least one reagent, this technical feature is not a special technical
feature as it does not make a contribution over the prior art.

Specifically, US 2017/0260567 A1 to NetBio, Inc. teaches a fluid processing device comprising one or more process chambers with at
least one reagent (Paras. [0017-0018), [0021-0024}).

Since none of the special technical features of the Group | or Il inventions are found in more than one of the inventions, unity of invention
is lacking.
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