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(57) Abstract: A reagent dispensing system, in an example, may include a processing device, a data storage device coupled to the pro-
cessing device, a plurality of swappable reagent modules, each swappable reagent module comprising a plurality of reagent dispensing
cartridges, and a module frame coupling the reagent cartridges to one another.
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SWAPABLE REAGENT MODULES

BACKGROUND

(60011 The life sciences research and associated diagnostic industries
use a number of reagents and patient samples 1o perform testing and
diagnostics of ilinesses. These testing and diagnostic processes may be

completed using human interaction with hand tools.

BRIEF DESCRIPTION OF THE DRAWINGS

(60021 The accompanying drawings illustrate various examples of the
principles descrived herein and are part of the specification. The illustrated
examples are given merely for llusiration, and do not limit the scope of the
claims.

FG003] Fig. 1 is a block diagram of a reagent dispensing system
according to an example of the principles described herein.

[G004] Fig. 2 is a block diagram of a reagent dispensing system
according to an example of the principles described herein.

iGO0E] Fig. 3 is a biock diagram of a reagent module according to an
example of the principles described herein.

[6006] Fig. 4 is a block diagram of a computer program product according
to an example of the principles described herein.

[G007] Fig. 5 is a block diagram of & method for operating a reagent
dispensing system according to an example of the principles described herein.
[G0038] Throughout the drawings, identical reference numbers designate

similar, but not necessarily identical, elements. The figures are not necessarily
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{0 scale, and the size of some parts may be exaggerated to more clearly
iliustraie the example shown. Moreover, the drawings provide examples and/or
implementations consistent with the description; however, the description is not

limited to the examples and/or implementations provided in the drawings.

DETAILED DESCRIPTION

[6008] Human interaction during life science research and diagnostic
processes may lead o mistakes in those processes. Such mistakes may
decrease the likelihood of scientific breakthroughs and increase the likelihood of
misdiagnosis of patient’s ilinesses. Further, with human interaction, these
processes may prove tedious thereby increasing the costs asscociated with
these processes as well as increase the time spent completing the processes.
Automation of these processes, however, imits mistakes, time, and costs.
[6010] Instruments and tools used in life science research and diagnostic
processes have been developed to increase efficiency, decrease costs, and
decrease fime spent conducting this research or compileting diagnosis.
However, even with these developments, increased numbers of reagents used
to interact with @ sample increase the complexity and time of completing those
tasks.

F6011) The present spedcification describes a reagent dispensing system
that utilizes a number of swappable reagent modules o perform the research
and diagnoses described herein. Each of the modules may include a number of
reagent dispensing cartridges. Each of the reagent dispensing cartridges may
house a different type of reagent. in some examples, each of the swappable
reagent modules may include a number of varicus and differing types of
reagenis based on the type of research and/or diagnoses being conducted at
the time.

[6012] The system and devices described herein also provide for the
moduies {0 be swapped from an in-line position within a reagent dispensing
system to an off-line position and visa-versa. This provides for a reagent

dispensing system that may swap out one swappable reagent module for
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another swappable reagent module based on the type of diagnosis and/or
research being conducted in-line. The swappabie reagent module may be
swapped out by a user or automatically using a module swapping device. In an
example, the off-line swappable reagent modules may be maintained in an
environmentally controlled condition based on the types of reagents maintained
within each of the reagent dispensing cartridges in each of the swappable
reagent modules.

[6013] The present specification describes a reagent dispensing system
including a processing device, a data storage device coupled to the processing
device, a plurality of swappable reagent modules, each swappable reagent
moduie comprising a plurality of reagent dispensing carlridges, and a module
frame coupling the reagent cartridges 1o one ancther.

[6014] The present specification further describes reagent module,
including a plurality of reagent dispensing cartridges and a module frame
coupling the reagent cartridges to one ancther wherein the volumes of each of
dispensable reagents maintained in each of the dispensing carfridges are
measured to be depleted approximately simultanecusly to minimize waste of the
reagents.

[0015] The present specification further describes a computer program
product for dispensing a reagent, including a computer readable storage
medium comprising computer usabie program code embodied therewith, the
computer usable program code {0, when executed by a processor: identifying a
number of sets of reagent dispensing cartridges housed within a module; and
interchanging a first set of dispensing cartridges for a second set of dispensing
cartridges based on a type of test protocol conducted wherein the volumes of
each of dispensable reagents maintained in each of the dispensing cartridges
are measured to be depleted approximately simultaneously o minimize waste of
the reagents.

[6016] As used in the present specification and in the appended claims,
the term “in-line” is meant to be undersiood as a position of a reagent
dispensing cartridge in a reagent dispensing system where the reagent

dispensing cartridge can gject an amount of reagent fluid onto a substrate. The
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in-line position may be directly above the substrate to have reagent fluid ejected
onte.

[G017] Additionally, as used in the present specification and in the
appended claims, the term "off-ling” is meant to be understood as a position of a
reagent dispensing cariridge in a reagent dispensing system where the reagent
dispensing cartridge is stored away for future use or at least not “in-line.” Inan
example, the off-line position may be located in a module or cartridge storage
unit within the reagent dispensing system.

[G6018] Further, as used in the present specification and in the appended
claims, the term “a number of’ or similar language is meant to be undersiood
broadly as any positive number comprising 1 to infinity; zero not being a
number, but the absence of a number.

[6019] in the following description, for purposes of explanation, numerous
specific details are set forth in order {0 provide a thorough understanding of the
present systems and methods. [t will be apparent, however, {o one skilled in the
art that the present apparatus, systems, and methods may be practiced without
these specific details. Reference in the specification 1o “an example” or similar
language means that a particular feature, structure, or characieristic described
in connection with that example is included as described, but may or may not be
included in other examples.

[6020) Turning now to the figures, Fig. 11is a block diagram of a reagent
dispensing system (100} according 1o an example of the principles described
herein. The reagent dispensing system (100) includes a processing device
(105}, a data storage device (110), and a swappable reagent module {(115).

The swappable reagent module (115) may include a number of reagent
dispensing cartridges (120) housed or maintained in a module frame (215].
[6021] The reagent dispensing system (100} may be utilized in any
scenario where a reagent is 1o be dispensed in a test protocol. The test protocol
may be for any purpose including diagnostics of a test sample or other type of
research or diagnosis. For ease of understanding, the reagent dispensing

system (100) will be described herein as conducting a diagnosis on a test
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sample. Additionally, the reagents described hersin may include any ejeciable
material to be dispensed on a subsirate such as a test sample or slide.

(60221 The reagent dispensing system (100), to achieve its desired
functionality, may include a processing device (105) and data storage device
(110} In an example, the reagent dispensing system {(100) comprises
additional various hardware components. Among these hardware components
may be a number of peripheral device adapters, and a number of network
adapters. These hardware components may be inlerconnected through the use
of a number of busses and/or network connections. In one example, the
processing device (105), data storage device (110), peripheral device adapters,
and a network adapter may be communicatively coupled via a bus.

[0023] The processing device (105) may include the hardware
architecture o retrieve executable code from the data storage device (110} and
execute the executable code. The execuiable code may, when executed by the
processing device {105), cause the processing device (105) to implement at
least the functionality of identifying a number of sets of reagent dispensing
cartridges housed within a module and interchanging a first set of dispensing
cartridges for a second set of dispensing cartridges based on a type of {est
protocel conducted, according to the methods of the present specification
described herein. in the course of executing code, the processing device (105)
may receive input from and provide output to a number of the remaining
hardware units.

[G6024] The data siorage device (110} may siore data such as executable
program code that is executed by the processor (105) or other processing
device. As will be discussed, the data storage device (110) may specifically
store computer code representing a number of applications or modules that the
processor (105) executes to implement at least the functionality described
herein.

[6025] The data storage device (110) may include various types of
memory modules, including volatile and nonvolatile memory. For example, the
data storage device (110) may include Random Access Memory (RAM), Read

Cnly Memory (ROM), and Hard Disk Drive (HDD) memory. Many other types of
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memory may also be utilized, and the present specification contemplates the
use of many varying type(s) of memory in the data storage device (110} as may
sulit a particular application of the principles described herein. In certain
examples, different types of memory in the data storage device (102) may be
used for different data storage needs. For example, in certain examples the
processor (105) may boot from Read Only Memory (ROM), maintain nonvolatile
storage in the Hard Disk Drive (HDD) memory, and execute program code
stored in Random Access Memory {(RAM).

[6026] (Generally, the data storage device (110) may comprise a
computer readable medium, a computer readable storage medium, or a non-
transitory computer readable medium, among others. For example, the data
storage device (110) may be, but not limited {0, an slectronic, magnetic, optical,
electromagnetic, infrared, or semiconductor sysiem, apparatus, or device, or
any suitable combination of the foregoing. More spedific examples of the
computer readable storage medium may include, Tor example, the following: an
electrical connection having a number of wires, a portable computer disketie, a
hard disk, a random-access memory (RAM), a read-only memory (ROM), an
erasable programmable read-only memory (EPROM or Flash memory), a
portable compact disc read-only memory (CD-ROM), an optical storage device,
a magnetic storage device, or any suitable combination of the foregoing. In the
context of this document, a computer readable storage medium may be any
tangible medium that contains, or stores computer usable program code for use
by or in connection with an instruction execution system, apparatus, or device.
In ancther example, a computer readable storage medium may be any non-
transitory medium that can contain, or store a program for use by orin
connection with an instruction execution system, apparatus, or device.

[6027] The hardware adapters in the reagent dispensing system (100)
enable the processor (105) to interface with various other hardware elements,
external and internal to the reagent dispensing system (100). For example, the
peripheral device adapters may provide an interface {0 input/output devices,
such as, for example, display device, a mouse, or a keyhoard. The peripheral

device adapters may aiso provide access 1o other exiernal devices such as an
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external storage device, a number of network devices such as, for example,
servers, swiiches, and routers, client devices, other types of computing devices,
and combinations thereof. The peripheral device adapters may aiso create an
interface between the processor {(105) and a display device or other media
output devices. The network adapter may provide an interface to other
computing devices within, for example, a network, thereby enabiing the
transmission of data between the reagent dispensing system (100) and other
devices located within the network.

[G028] The reagent dispensing system {(100) may, when executed by the
processor (105), display the number of graphical user interfaces (GUls) on the
display device associated with the executable program code representing the
number of applications stored on the data storage device (102}, The GUis may
display, for exampie, sample test criteria and various other diagnostics tools
used to complete the {esting and/or diagnosis descrived herein. Additionally,
via making a number of interactive gestures on the GUls of the display device, a
user may cause the reagent dispensing system (100) to conduct tests and or
diagnosis as described herein.

iG02Z9] The reagent dispensing system (100) includes a number of
swappable reagent modules {(115). The swappsable reagent modules (115) may
comprise a number of reagent dispensing cartridges (120) housed by a module
frame (125). In an exampile, the module frame (125) may house a single
reagent dispensing cartridge (120). In this example, the single reagent
dispensing cartridge (120) may mainiain a single type of reagent fluid used, by
the reagent dispensing system (100}, microscope slides, test samples, cell-
cutiure dishes such as Petri dishes, paper, and lissue samples, among other
substrate surfaces. In this example, the reagent dispensing cartridge (120} may
further inciude a silicon die used o gject, from the reagent dispensing cartridge
{120} an amount of reagent as described above. In an example, the single
reagent dispensing cartridge (120) may house a plurality of reagents, each
reagents ejectable from the single reagent dispensing cartridge (120). in this
example, the single reagent dispensing cartridge (120) may include two

individual silicon dies used to eject the two different reagents.
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[6030] it an example, the swappable reagent module (115) may includs
a module frame {125) housing a plurality of reagent dispensing cartridges (120).
In this example, each of the plurality of reagent dispensing cartridges (120) may
maintain an amount of reagent fluid. in some examples, the plurality of reagent
dispensing cartridges {120) may each dispense, from a silicon die, a different
type of reagent fluid. In some examples, a plurality of the reagent dispensing
cartridges (120) may contain the same reagent fluid. In some examples, the
number and types of reagent fluids maintained in the plurality of reagent
dispensing cartridges {(120) may be selecied based on the type of fest and/or
diagnosis to be conducted. Thus, each of the swappable reagent modules
{115} may be populated with any number of reagent dispensing cartridges (120)
based on the type of test and/or diagnosis being conducted by the reagent
dispensing system (100).

F6031] in an example, the reagent dispensing system (100} may maintain,
in a module storage device associated and/or formed within part of the reagent
dispensing system (100), a plurality of swappable reagent modules {115). Each
of the swappable reagent modules {(115) may be used to conduct different types
of tests and/or diagnosis based on the types of reagenis housed in the reagent
dispensing cartridges (120). The swappable reagent modules (115) may be
swapped out based on which test and/or diagnosis is to be conducted by the
reagent dispensing systermn {100}, Thus, a first swappable reagent module {(115)
may be removed from an inline position {o an off-line position within a medule
storage device. In an example, a reagent dispensing cartridge (120) could be
removed from an in-line position to an off-line position and a different reagent
dispensing cartridge (120) put in its place in-line.

[0032] In some exampiles, the number of reagent dispensing cartridges
(120} within the swappable reagent modules {115) may be so grouped so as to
provide the reagentis used for any particular type of test or diagnosis to be
conducted with the reagent dispensing system (100). In some examples, the
number of reagent dispensing cartridges (120) could each contain a plurality of
individual types of reagents. In this exampile, the number of reagents used in

connection with a particular test and/or diagnosis may exceed the number of
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reagent dispensing cartridges (120) within the swappable reagent modules
(115} in-line. In some examples, the volume of reagents within any given
reagent dispensing cartridge (120) may be sized s0 as to be able to complete a
specified number of tests and/or diagnosis. Thus, in some examples, any
number of reagent dispensing cartridges (120) may contain any number of
different reagents so organized so as o complete a specific {est and/or
diagnosis a specified number of times.

[6033] it an example, the module frames (125) may include mechanical
and electrical interconnects used to physically and electrically coupie the
swappable reagent modules (115) to the reagent dispensing system (100),
respectively. The mechanical interconnects may allow each of the swappable
reagent modules (115} to be physically maintained either in an in-line or off-line
position as described hergin. In some example, the mechanical interconnects
may lock each of the swappable reagent moduies {115) in their respective
locations. In an example, each of the swappable reagent modules (115) may
include elecirical interconnects that allow each of the reagent dispensing
cartridges (120} fo be electrically connected to the reagent dispensing system
(100} through the module frame (125). In an example, the module frame (125)
may include a void through which an slectrical interconnect defined on each of
the reagent dispensing cartridges (120) may be coupled to an electrical
interconnect of the reagent dispensing system (100). In these examples, the
glectrical interconnect may be used as a vollage source for each of the silicon
dies of each of the reagent dispensing cartridges (120) in order to aliow for the
gjection of the reagent fluids as described herein.

iG034] in an example, the diferent reagents maintained within each of the
reagent dispensing cartridges (120) may be metered to have a volume such that
the use of the reagents causes each of the volumes of reagents to be depleted
approximately simuitanecusly. In some examples, the reagent dispensing
cartridges (120) maintain a different volume of reagent based on the
consumption ratio between the different reagents to be used during a test
protocol. In some of these examples, any amount of reagent fluid left over in

any of the reagent dispensing cartridges (120) as one of the reagent dispensing
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cartridges (120) has been depleted may be up to 5 mbL. The measuring of the
volumes of each of the reagents within the reagent dispensing cartridges (120}
may be done using an electrical interface hetween the reagent dispensing
cartridges (120} and the reagent dispensing system (100). In an example, the
volumes of each of the reagents within the reagent dispensing cartridges (120}
may be assumed {0 be a certain volume based on the original amount of
reagent and the number of gjections of any specific reagent from the reagent
dispensing cartridges {(120). In an example, the reagent dispensing system
(100} may notify a user of the depletion of any of the reagenis. in some
examples, the various reagent fiuids may be relatively expensive if purchased in
mass quantities as compared o other of the reagent fluids. By depleting the
reagents approximately simultaneously, waste of the reagents may be reduced.
Additionally, by depleting the reagents approximately simuitaneocusly, a set
amount of any one of the reagent fluids may be maintained within any one of
the reagent dispensing cartridges (120} such that an expiration of any one of the
reagents fluids does not occur before the depletion. In an example, the
volumes of each of dispensable reagents maintained in each of the reagent
dispensing cartridges {120) are measured 1o be depleted based on a sampie
test protocol, a test protocol, and/or a diagnoesis being conducted.

[G035] In an exampile, the different reagenis mainiained within each of the
reagent dispensing cartridges (120) may be melered 1o be depleted before a
prescrived expiration date of the reagents. In this example, the reagent
dispensing system (100} may be made aware of the expiration date either via a
user interacting with the reagent dispensing system (100} via a graphical user
interface or via an electrical connection between a memory device on each of
the reagent dispensing cartridges (120} and the reagent dispensing system
(100). In some examples, the reagent dispensing system (100) can detect a
new reagent dispensing cartridge (120), be notified as to its contents, and begin
a timer for any specific reagent dispensing cartridge (120) that contains
perishable reagenis therein. At the end of the expiration, the reagent
dispensing system (100} may notify a user that the reagent has expired. Other

methods of determining the expiration of the reagents within the reagent
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dispensing cartridges {120) exist and may include optical, slectrically encoded
systems, among others. The present specification, therefore, contemplates the
use of these other methods 1o determine the expiration of any reagent within the
reagent dispensing cartridges (120).

[0038] The reagent dispensing system (100} may further include a
moduie swap system. The module swap system may remove a first of the
swappable reagent modules (115) from an in-ling position to an off-line position.
The module swap system may further remove a second of the swappable
reagent modules (115) from an off-line position and place it in an in-line position.
In an example, the module swap system may include a number of robotic arms
to swap the swappable reagent modules (115) as described herein. inan
example, the module swap system may include a number of rails to swap the
swappable reagent modules (115) as described herein. The module swap
system may be any device that may swap the individual swappable reagent
modules (115) as described herein. In the examples described herein, the
swapping of the first and second modules is done based on the iype of test
protocol to be or being conducted by the reagent dispensing system (100).
(G037} Fig. 2 is a biock diagram of a reagent dispensing system (200)
according to an example of the principles described herein. In an example, the
reagent dispensing system (200} is an auiomated, computer driven system that
dispenses, through a number of reagent dispensing devices, a number of
different reagents. The reagents may be any chemical or biclogical substance
that may be used in any chemical reaction such as titrations, combinations,
decompositions, single displacements, precipitations, neutralizations, double
displacements, combustions, and reductions/oxidations, among other types of
chemical or biclogical reactions. The reagents may be, for example, sclutions
including nucleic acid; deoxyribonucieic acid {(DNA); ribonucleic acid (RNA);
small (or short) interfering RNA (siRNA); polymerase chain reaction (PCR)
master mix; proteins including, for example, enzymes and antibodies; other
biomolecules including, for example, peplides, oligos, and lipids; small
moleculas, nanoparticies, biocides, celis or other tissue components, histology

stains, linker reagents, inhibitors, or other reagents.
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[6033] it addition o the swappable reagent modules (115} and their
respective reagent dispensing cariridges (120), the reagent dispensing system
(200} may include additional devices that may be used during the testing and/or
diagnosis processes. In an example, the reagent dispensing system (200) may
include an in-line wiping station (215) for each of the reagent dispensing
cartridges (120} as well as an in-line capping station (210). The wiping station
{215} may be used to wipe off a number of silicon dies (205) of each of the
reagent dispensing cartridges (120). This process may form part of the reagent
dispensing cartridges {(120) maintenance process used to maintain the health of
the silicon dies (205) of the reagent dispensing cartridges (120). The in-line
capping station (210} may further cap each of the silicone dies (205) of the
reagent dispensing cartridges (120) when the reagent dispensing cartridges
(120} are not currently in use by the reagent dispensing system (200) but are
maintained at an in-ling location. in these examples, the wiping station (215}
and in-line capping station (210} may move foward the swappable reagent
moduies {115) and the individual reagent dispensing cartridges (120} in order to
conduct the maintenance processes as described herein. Both the in-line
wiping station {215) and the in-line capping station (210) may move relative 1o
the in-line swappable reagent modules (115) in order to conduct the servicing of
the reagent dispensing cartridges (120) as described herein.

[6038) Alternatively, each of the swappable reagent modules (115}
whether in-line or offdine each may include their respective wiping station (215}
and capping stations (210). In an example, the module frame (Fig. 1, 125) of
the swappable reagent modules (115) may comprise ifs own wiping station
(215} and capping station (210} mechanically coupled to the module frame
(125}, This may allow for each swappable reagent modules (115} fo be
separately mainiained without creating cross-coniamination of the various
reagent fiuids of each of the reagent dispensing cartridges (120). Further, the
inclusion of the wiping station (215} and capping station (210} with the module
frame (Fig. 1, 125) aliows the swappable reagent modules {(115) to consistently
be maintained regardiess of whether they are off-ling, in-line, or in transit

between the two positions.
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(60401 The reagent dispensing system (200} may further include a
conveyance system (235) that conveys a substrate (220) along the direction of
the arrows (230} shown in Fig. 2. In an example, the conveyance system (235)
may also move opposite of the arrows (230) so as o allow the substrate (220)
to pass, in the oppoesite direction, under the swappable reagent modules (115)
and specifically the reagent dispensing cartridges (120). This may allow for any
number of coatings of any of the reagents 1o be applied 10 a test sample or
substrate (220). Additionally, this may allow for time 1o pass before a second
reagent or an additional layer of reagent is applied thereby allowing, in some
examples, a reaction o occur on the substrate (220).

(6041} The convevance system (235) may convey any type of substrate
(220} onto which a reagent sjected from the reagent dispensing cartridges (120}
may be placed. In an example and in the example shown in Fig. 2, the
substrate {220) is a microscope slide or other slide that may carry a test sample
(225). Cther substrates (220) may be used either alone or in combination with a
fest sample (225) and the present specification confemplates the use of those
other substrates (220).

i6042] The reagent dispensing system (200) may further include an
automated storage and retrieval system (ASRS) (240} may be used to transport
the swappable reagent modules (115) o and from the area along the
conveyance system (235). The ASRS (240) may include any number of
conveyor systems, lift systems, robotic arms, other ASRS systems, and
combinations thereof. in another example, a technician may manually
exchange the swappable reagent modules (115) by removing them from an off-
line location in a module storage device and placing the swappable reagent
modules (115} in an in-line position.

[6043] Fig. 2 shows the plurality of swappable reagent modules (115)
with each of the swappable reagent modules (115) including, in this example,
four reagent dispensing cartridges (120}, 1t is 1o be understood that the number
of swappable reagent modules {115) and their respective reagent dispensing
cartridges (120} are merely examples and the depicted number of these

swappabie reagent moduies (115) and their respeclive reagent dispensing

13



WO 2019/017902 PCT/US2017/042575

cartridges (120) are not meant to be limiting. The swappable reagent modules
(115}, however, provide for a plurality of sample {ests and/or diagnosis to be
conducted using the reagent dispensing system (200). As example only, a user
may wish to conduct a plurality of different tests implementing any number
and/or combination of reagents housed within each of the reagent dispensing
cartridges (120). In an example, the reagents housed within each of the
reagent dispensing cartridges (120) of a given swappable reagent module (115)
may be selected based on a test to be conducied by the reagent dispensing
system (200). Thus, a user may be able 1o select, via a graphical user interface
associated with the reagent dispensing system (200) for example, a specific
type of test to be conducied on a test sample and the reagent dispensing
system (200) may implement that swappable reagent module (115) having
those reagent dispensing cartridges (120) that hold the appropriate type and/or
amount of reagent fluid for the test. In some examples, specific swappable
reagent module (115} used for a spedific test may be swapped out with an in-
line swappable reagent module (115} in order to conduct that test using the
appropriate reagents. In some examples, a plurality of reagent dispensing
cartridges (120} maintained in a plurality of swappable reagent modules (115}
may hold the same type of reagent but may be grouped with other reagenis in
order to conduct different types of tests.

[6044] Fig. 3 is a biock diagram of a reagent module (300) according to
an example of the principles described herein. The reagent module (300) may
include a module frame (310) housing a plurality of reagent dispensing
cartridges (305). As mentioned previously, any number of reagent dispensing
cartridges (120} may be housed within the individual swappable reagent
modules (115). The module frame (310) may be formed o seleclively fit a
varying number of reagent dispensing cartridges (120). In an example, the
moduie frame (310} may be used {0 house reagent dispensing cartridges (120)
of different sizes. Apart from the example shown in Fig. 2, a single first reagent
dispensing cartridge (120) may be grouped with a second and third reagent
dispensing cartridges {(120) that are relatively fluidically smaller than the first

reagent dispensing cartridge (120). These three reagent dispensing cartridges
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{120} may be housed within the module frame (310) as described above. The
module frame {310), however, may be so formed so as to alternatively receive a
total of four, for example, reagent dispensing cartridges (120).

iG045] The reagent dispensing cartridges (120) may each be capable of
gjecting either one or a plurality of reagent fluids. In some examples, each of
the reagent dispensing cartridges (120} may eject two individual types of
reagent fiuids amounting 1o the possibility of sight reagent fluids being ejected
from the swappable reagent modules (115), according to the example shown in
Fig. 2.

[60486] The module frame (310) may be made of a resilient material
sufficient {o hold in place the reagent dispensing cartridges (120}, The moduie
frame (310} may be made of a plastic, metal, or combinations thereof. As
described herein, the module frame (310) may have a capping station and/or a
wiping station built into the module frame (310). The capping station and wiping
station may help to maintain the reagent fluid ejection heads of each of the
reagent dispensing cartridges (120). in particular, the capping station may
move into place against each of the ejection heads of the reagent dispensing
cartridges (120} when the reagent dispensing cariridges (120) are notin use
either in-line or offdine. The wiping stations may interact with the reagent fluid
ejection heads so as to remove excess reagent fluid or contaminants from off of
the reagent fiuid gjection heads. Because sach module frame (310) includes a
wiping station and capping station of its own, a wiping station and capping
station may not be provided in-line. Additionally, because each module frame
(310} includes a wiping station and capping station of its own, the reagents held
within each of the reagent dispensing cartridges (120) will not be contaminated
when g common wiping station or capping station is used {0 wipe or cap all
reagent fluid ejection heads.

FG047) Aspects of the present system and method are described hersin
with reference to flowchart illustrations and/or block diagrams of methods,
apparatus (systems) and compuier program producis according to exampiles of
the principies described herein. Each block of the flowchart illustrations and

biock diagrams, and combinations of blocks in the flowchart Hlustrations and
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block diagrams, may be implemented by computer usable program code. The
computer usable program code may be provided {o a processor of a general-
purpose computer, special purpose computer, or other programmable data
processing apparatus 1o produce a machineg, such that the computer usable
program code, when executed via, for example, a processor of the reagent
dispensing system (100, 200) or other programmable daia processing
apparatus, implement the functions or acts specified in the flowchart and/or
block diagram block or blocks. In one example, the computer usable program
code may be embodied within a computer readable storage medium; the
computer readable storage medium being part of the computer program
product. In one exampie, the computer readable storage medium is a non-
transitory computer readable medium.

[6048] Fig. 4 is a block diagram of a computer program product (400}
according to an exampie of the principles described herein. The computer
program product (400) may include computer readable storage medium (405}
that embodies certain computer usable program code. Among the compuier
usable program code is computer usable program code to, when executed by a
processor, identify a number of sels of reagent dispensing cartridges housed
within a module and interchange a first set of dispensing cartridges for a second
set of dispensing cartridges based on a type of test protocol conducted. The
processor may form part of the reagent dispensing system (100, 200) as
described herein with the computer usable program code maintained on the
data siorage device (110). A module identification module (410) may identify a
number of sets of reagent dispensing cartridges housed within a module. A
moduie interchanging module (415) may interchange a first set of dispensing
cartridges maintained in module frame (210) for a second set of dispensing
cartridges also maintained in a module frame (210) based on a type of test
protocol conducted.

[6049] Fig. 5 is a block diagram of a method (500) for operating a reagent
dispensing system (100, 200) according to an example of the principles
described herein. The method (500) may begin by identifying (505) seis of

reagent dispensing cartridges (120) housed within a module frame (210). As
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described herein, the selection of the types of reagents used, and
correspondingly the selection reagent dispensing cartridges (120), may be
dependent on the type of test {0 be conducted. The identification of the type of
reagent in any give reagent dispensing cartridge (120} may, in an example, be
completed using a barcode system or other type of identification system that
aliows the reagent dispensing system (100, 200) to know what type of reagent
fluid is in each of the reagent dispensing cartridges (120). The identification
process may also include identifying a set of reagent fluids maintained within a
set of reagent dispensing cartridges (120). This set of reagent dispensing
cartridges (120) may be bundied together via use of the module frame (210)
described herein. Thus, a module frame {210), in an example, may include an
identification, such as a barcode, used {o identify a group of different types of
reagent fluids. As described herein, this used of identifications may provide for
a reagent dispensing system (100, 200} that can readily determing the types of
reagent fluids of a swappable reagent module (115), select it, and place it in an
in-line position within the reagent dispensing system (100, 200).

[G050] The method (500} may continue with interchanging a first set of
reagent dispensing cartridges (120) for a second set of reagent dispensing
cartridges (120} based on a type of test profocol conducted. The first set of
reagent dispensing cariridges (120} may not include a reagent fiuid to be used
for a specific test being carried out by the reagent dispensing system (100, 200},
Because the reagent dispensing system (100, 200) knows which swappable
reagent module (115) is currently in an in-line position, the reagent dispensing
system (100, 200} may search for an appropriate swappable reagent module
{115} and make the exchange according to the test protocol to be carried out by
the reagent dispensing system (100, 200).

[6051] The specification and figures describe a test protocol reagent
moduie that includes a plurality of reagent dispensing cariridges grouped
together within the module. The grouping of the individual reagent dispensing
cariridges is based on the type of tesi to be conducied by the reagent
dispensing system described herein. Each reagent dispensing cartridge

contains at least one reagent used for the test to be conducted by the reagent
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dispensing system. Additionally, the grouping of the reagent dispensing
cariridges is based on a specific type of test to be conducted. Those swappable
reagent modules not being used for the test may be maintained off-line and
within a module storage device of the reagent dispensing system. This reagent
dispensing system allows a user {o select a type of test {0 be conducted with the
reagent dispensing system swapping a swappabie reagent module for another
swappable reagent moduie to fit a specific test protocol profile.

[6052] The preceding description has been presented {o iHlustrate and
describe examples of the principles described. This description is not intended
to be exhaustive or to limit these principles to any precise form disclosed. Many

modifications and variations are possible in light of the above teaching.
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CLAIMS

WHAT 1S CLAIMED IS:

1. A reagent dispensing system, comprising:
a processing device;
a data storage device coupled o the processing device;
a plurality of swappable reagent modules, each swappable reagent
module comprising:
a plurality of reagent dispensing cartridges; and

a module frame coupling the reagent cartridges to one another.

2. The reagent dispensing system of claim 1, wherein the volumes of each
of dispensable reagents maintained in each of the dispensing cariridges are
measured to be depleted approximately simultaneously based on a minimizstion

of waste of the reagenis.

3. The reagent dispensing system of claim 2, wherein the voilumes of each
of dispensable reagents maintained in sach of the dispensing cartridges are

measured to be depleted based on a sample test profocol.

4. The reagent dispensing system of claim 2, wherein the volumes of each
of dispensable reagents mainfained in each of the dispensing cartridges are

measured to expire approximately simulianeously.
5. The reagent dispensing system of claim 1, comprising a module swap
system to exchange a first moduie for a second module based on the type of

test protocol being conductad by the reagent dispensing system.

8. The reagent dispensing system of claim 5, wherein swapping of the first

and second modules is done based on the type of test protocol conducied.
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7. The reagent dispensing system of claim 8, wherein the reagents
maintained in each of the dispensing cartridges of the each of the first and

second modules are selected based on the type of test protocol conducted.

8. A reagent module, comprising:

a plurality of reagent dispensing carfridges; and

a module frame interfacing with the plurality of reagent dispensing
cartridges;

wherein a volume of a dispensable reagent maintained in the plurality of
dispensing cartridges is measured to be depleted approximately simuliansously

to minimize waste of the reagents.

g The reagent moduie of claim 8, wherein the volumes of each of
dispensable reagents maintained in each of the dispensing cartridges are

measured to be depleted based on a sample test protocol.

10. The reagent module of claim 8, wherein the volumes of each of
dispensable reagents maintained in each of the dispensing cartridges are

measured to expire approximately simultaneocusly.

11.  The reagent module of claim 8, wherein the plurality of reagent
dispensing cartridges are selected 10 be held within the reagent module based

on a test protocol being conducted.

12.  The reagent module of claim 8, wherein a number of a plurality of reagent
dispensing cartridges maintains a different volume of reagent based on the

consumption ratio between the different reagents during a test protocol.

13. Acomputer program product for dispensing a reagent, comprising:
a compuier readable storage medium comprising computer usable
program code embodied therewith, the compuier usable program code to, when

execuled by a processor:
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identify a number of sets of reagent dispensing cartridges housed
within a module; and
interchange a first set of dispensing cartridges for a second set of
dispensing cartridges based on a type of test protocol conducied;
wherein the volumes of each of dispensable reagents maintained in sach
of the dispensing cartridges are measured {0 be depleied approximately

simultaneously to minimize waste of the reagents.

14.  The compuier program product of claim 13, wherein the volumes of each
of dispensable reagents mainfained in each of the dispensing cartridges are

measured 1o be depleted based on a sample test protocol.
15.  The computer program product of claim 13, wherein the volumes of each

of dispensable reagents maintained in each of the dispensing cariridges are

measured to expire approximatsly simultaneously.
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