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SUBSTRATE CONVEYANCE SYSTEMS

BACKGROUND

(60011 The life sciences research and associated diagnostic industries
use a number of reagents and patient samples 1o perform testing and
diagnostics. Dispensing Hguids such as these reagents and patient samples in
quantities from picoliters to microliters may be used in many areas of
pharmaceutical and biclogy research. For example, dispensing a number of
reagents in these quantities may be useful in medical and vetarinary
diagnostics, forensics testing, and agriculiural testing to determine the presence
of a chemical or biological in a sample. Even within these fields, low-volume

liguid dispensing may be used for many different operations.

BRIEF DESCRIPTION OF THE DRAWINGS

[6002] The accompanying drawings ilustrate varicus examples of the
principles described herein and are part of the specification. The illustrated
examples are given merely for illustration, and do not limit the scope of the
claims.

[00033] Fig. 1 is a block diagram of a reagent dispensing system,
according to an example of the principles described herein.

[6004] Fig. 2 is a block diagram of a substrate conveyance system,
according to an example of the principles described herein.

[G005] Fig. 3 is a biock diagram of a computer program product for in-line

spit servicing, according to an example of the principles described herein.
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[G006] Fig. 4 is a block diagram of a reagent dispensing system,
according to another example of the principles described herein.

[G00T] Fig. 5 is a block diagram of a reagent module, according to an
example of the principies described herein.

[0008] Throughout the drawings, identical reference numbers designate
similar, but not necessarily identical, elements. The figures are not necessarily
to scale, and the size of some parts may be exaggerated o more clearly
itustrate 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

FG00%) Human interaction during life science research and diagnostic
processes may lead to mistakes in those processes. Such mistakes may
decrease the likelihood of scieniific breakihroughs and increase the likelihood of
misdiagnosis of patient’s ilinesses. Further, with human interaction, these
processes may prove tedious thereby increasing the costs assodiated with
these processes as well as increase the time spent completing the processes.
Automation of these processes, however, limits mistakes, time, and costs.
F6010) instruments and tools used in life science research and diagnostic
processes have been developed to increase efficiency, decrease costs, and
decrease time spent conducting this research or compieting diagnosis.
However, even with these developmenis, increased numbers of reagents used
to interact with a sample increase the complexity and time of completing those
tasks.

[6011] in an automated, computer-driven diagnostics system, reagenis
may be dispensed based on a number of test protocols, and a wide variety and
volumes of different reagents may be dispensed based on these test protocols.
However, some reagent dispensing devices may become clogged or obstrucied
due to dispensing a reagent that tends {0 encourage such obstructing. This

clogging issue may be exacerbaled if the reagent dispersion system dispenses
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a wide range of reagents with different properties that may each obstruct the
reagent dispensing devices in a different way or in different degrees.

[6012] The reagents may be dispensed onto 3 substrate such as, for
example, microscope slides containing biological samples for research or
medical diagnoses using the reagent dispensing devices, and the accuracy and
reliability of the dispensing may be verified. In order to properly dispense the
reagents, a number of servicing processes may be performed on a number of
reagent dispensing devices. However, in some instances, the reagent
dispensing devices may be moved off-line from an in-line dispensing area in
order to service the reagent dispensing devices. One such servicing process
that takes the reagent dispensing devices off-line may include a spitting
operation. In some instances, a portion of the substrate onto which the reagent
is to be dispensed may be used as a location to perform a spitting operation.
This portion may be referred 10 as a mask region, and may be used to spit a
volume of reagent onto a non-used portion of the substrate. However, this may
create disorganization and mess on the substrate, and may also cause the
reagents dispensed before or after the spitting operation to become
contaminated. Further, in some instances, a spitling operation may be
performed by ejecting reagent directly onto a conveyance system that carries
the substrates. However, this option also creates a mess on the conveyance
system and may resull in the cross contamination of reagents on the substrates
and may, in the case of dispensing of biological materials, create a biohazard.
[6013] Examples described herein provide a reagent dispensing system.
The reagent system may include a subsirate conveyance system to convey a
number of substrates, at least one station located in-line with respect to the
substrate conveyance system, where the station includes at least one reagent
moduie to dispense a reagent on the substrates, and a number of apertures
defined in the substrate conveyance system. The reagent module performs a
spit operation in response to at least one of the number of apertures passing
below the reageni module.

[G014] The reagent dispensing system may include a spittoon located

below the substrale conveyance system 1o receive reagents spat through the
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apertures. In ancther example, the apertures in the substrale conveyance
system may include an absorbent pad. The at least one reageni module does
not move relative to the substraie conveyance system during the spit operation.
The reagent dispensing system may include a capping module 1o seal a number
of nozzles of a number of reagent dispensing devices within the reagent module
from ambient atmosphere.

F6015] in one example, the apertures may be defined in the subsirate
conveyance system between each of the substrates. Data regarding the
position of the apertures along the subsirate conveyance system and below the
at least one reagent module is sent to the at least one reagent module. The
data signals to the at least one reagent module 10 perform the spit operation.
[0018] Examples described herein also provide a subsirate conveyance
system. The substrate conveyance system may include a conveyor surface to
convey a number of substrates, and a number of apertures defined in the
conveyor surface between the substrates as positioned on the conveyor
surface. The location of the apertures is based on a location at which at least
one reagent module dispenses a reagent. Data regarding the position of the
apertures along the conveyor surface and below the at least one reagent
module is sent 10 the at least one reagent module.

[6017] The subsirate conveyance system may include a spittoon located
below the conveyor surface 1o receive reagents spat through the apertures.
Further, the substrate conveyance system may include an absorbent pad
located within the aperfures in the conveyor surface. The apertures are defined
in the conveyor surface at a periodic interval. The data regarding the position of
the aperiures along the conveyor surface and below the at least one reagent
module defines a time at which the at least one reagent module it to perform a
spit operation

[6018) Examples described herein also provide a computer program
product for in-line spit servicing. The computer program product may include a
computer readable storage medium including computer usable program code
embodied therewith. The computer usable program code, when execuied by a

processing device determines whether a number of reagent dispensing devices
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are scheduled for a spit operation, in response o a determination that a number
of the reagent dispensing devices are scheduled for a spit operaiion, identifies a
time an aperture defined within a substrate conveyance system is present under
the reagent dispensing devices, performs the spit operation based on the time
the aperiure is present under the reagent dispensing devices.

[6019] The computer usable program code, when executed by the
processing device, instructs the reagent dispensing devices o move o a
capping module o seal the reagent dispensing devices from ambient
atmosphere. Further, the computer usable program code, when executed by
the processing device, sends data reqQarding the time the aperture is present
under the reagent dispensing devices.

[00240] As used in the present specification and in the appended claims,
the term “a number of” or similar language is meant to be understood broadly as
any positive number comprising 1 to infinity; zero not being a number, but the
absence of a number.

[6021] in the following description, for purposes of explanation, numerous
specific details are set forth in order to provide a thorough understanding of the
present systems and methods. [t will be apparent, however, 10 one skilled in the
art that the present apparatus, systems, and methods may be practiced without
these specific details. Reference in the specification to “an example” or similar
language means that a particular feature, structure, or characteristic described
in connection with that example is included as described, but may or may not be
included in other examples.

(60221 Turning now to the figures, Fig. 1 is a block diagram of a reagent
dispensing systemn (100}, according to an example of the principles described
herein. The reagent dispensing system {100) may be any system that
dispenses a reageni onto a substrate. In one example, the reagent dispensing
system (100) is an automated, computer diiven 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,
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combustions, and reductions/oxidations, among other types of chemical or
biological reactions. The reagenis may be, for example, solutions including
nucleic acid; deoxyribonucieic acid (DNA); ribonucleic acid (RNA); smali (or
short) interfering RNA (siRNA); polymerase chain reaction (PCR) master mix;
proteins including, for example, enzymes and antibodies; other biomolecules
including, for example, peptides, oligos, and lipids; small molecules,
nanoparticles, biccides, cells or other lissue components, histology stains, linker
reagents, inhibitors, agueocus solutions, or many other reagents.

[6023] The reagent dispensing system (100} may include a substrale
conveyance system (101) to convey a number of subsirates. The substrate
conveyance system (101) may be, for example, a conveyor belt that moves a
number of substrates under an area where the reagent module {103) may
deposif a number of reagents onto the subsiraie. The subsirate convevance
system may travel in either a positive x-direction or a negative x- direction in
order to allow the substrates to move left {o right or right to left under the
reagent module (103). This allows the subsirates to have a plurality of reagenis
deposited on them, and may also allow for chemical reactions to occur on the
substrate before a subsequent reagent is deposited on the substrate. However,
any other type of conveyance system may be used such as, for example,
mechanical stages that moves in and out of the reagent deposition area (402),
rolis or reels of flexible material that moves underneath the reagent dispensing
devices {104} within the reagent modules (103), or other conveyance systems.
[G6024] The reagent dispensing system (100) may also include at least
one station {(108) located in-line with respect {o the substrate conveyance
system {101). The station (106} may include at least one reagent module (103)
to dispense a reagent on the substrates.

[6025] A number of apertures (115) may be defined in the substrate
conveyance system (101). The apertures (115), as described herein, serve as a
portion through which a number of reagent dispensing devices (104-1, 104-2,
104-3, 104-n, coliectively referred {0 herein as 104) may perform a spitting
operation. A “spitting” operation is an action taken by the processor of the

reagent dispensing system (100) instructing at least one of the reagent
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dispensing devices (104) {0 purge its reagent gjection slements such as its
nozzles by sending it a sequence of fire pulses, possibly of greater energy than
the normal firing pulse. This serves to ensure thaf the reagent contained in the
nozzles does not dry, causing a blockage of dry reagent, which stops the nozzie
from firing correctly. Spitting routines also help to clear already blocked, or
pariiaily blocked nozzles, which may be caused by fibers or dried reagent, for
example. in one exampie, the reagent module (103) performs a spit operation
in response to at least one of the number of apertures {(115) passing below the
reagent module (103). In one example, the reagent module (103) does not
move relative to the substrate conveyance system (101) during the spit
operation. In this manner, the reagent moduie (103) doeas not have 1o be taken
off-line, but may perform the spit operation online and even while depositing
reagent onto the substrates.

[6026] The reagent module {103} may include a module frame (o
mechanically and slectrically couple the reagent dispensing devices (104) within
the reagent module (103) o the reagent dispensing system (100). The module
frame may include a number of mechanical interfaces to align the reagent
dispensing devices {104) with respect {o the reagent module (103). Further, the
module frame may include a number of electrical interfaces o electrically couple
the reagent dispensing devices (104) to the reagent module (103), and, in turn,
the reagent dispensing system (100). Signals may be sent by the reagent
dispensing system {100} to the reagent dispensing devices (104) via the number
of electrical inferfaces of the reagent module (103). These signais may be used
to instruct the reagent dispensing devices (104) to dispense a volume of
reagent onto a substrate located on the substrate conveyance system (101},
[0027] Each of the reagent dispensing devices (104) may be any device
that dispenses a number of reagents. In one example, the reagent dispensing
devices (104} may include devices that dispense different volumes of reagents.
For example, a first reagent dispensing device (104-1) may dispense a first
range of volumes of a reagent, a second reagent dispensing device (104-2) may
dispense a second range of volumes of a reagent where the second range of

volumes may be more voluminous relative to the first range of volumes, and a
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third reagent dispensing device {(104-3) may dispense a third rangse of volumes
of a third reagent where the third range of volumes may be more voluminous
relative to the second range of volumes.

iG0Z8] As depicted using the ellipses in Fig. 1 and the inclusion of an Nth
reagent dispensing device (104-n), any number of reagent dispensing devices
may be included within a reagent module (103). Each of these reagent
dispensing devices (104) may have differing architectures or form factors that
allow them to dispense their respective volumes. For example, the first reagent
dispensing device (104-1) may include a cassetie device that dispenses
between approximately 1 picoliter (pl) and 10 microliters (uL) as the first range
of volumes of a reagent. The cassette may include, for example, a T8+ or D4+
dispensehead cassette produced and distributed by HP Inc. With these types of
cassettes, a relatively small amount of reagent may be dispensed at a given
time. In one example, the first reagent dispensing device {(104-1) or cassette
may be any digitally addressable fluid gjection device that contains a very small
amount of reagent on the order of approximately up to 1 milliliter (mL). Further,
the fluid within the first reagent dispensing device (104-1) may come pre-filled in
the first reagent dispensing device (104-1), or a technician may fili the first
reagent dispensing device (104-1) with a pipette or similar preliminary, manual
reagent dispensing device at the time of use of the first reagent dispensing
device (104-1). The first reagent dispensing device (104-1) or casselte may be
used to dispense volumes of fluid that are less frequently dispensed relative to
cther reagents, are negatively suscepiible to environmental conditions, are
expensive to inventory, are mixed immediately before use, have a relatively
short shelf life, have other properties that lend their use to relatively smaller
volumes, or combinations thereof.

[6029] Further, in one example, the second reagent dispensing device
{104-2) may include a digitally addressable fiuid gjection device. In this
example, the digitally addressable fluid ejection device may include a number of
fluid ejection die to dispense the second range of volumes of a reagent. For
example, the second reagent dispensing device (104-2) may include a digitally

addressable fluid ejection device that dispenses belween approximaiely 100
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nandcliters (nl) and 100 yl as the second range of volumes of a reagent. Inone
example, the digitally addressable fluid ejection device may be a thermal or
piezoelectric fluid gjection device where the reagenis are dispensed from an
array of fluid ejection chambers and nozzies of the fluid gjection die using
thermal expansion or piezoelectric forces applied to the reagents. In this
example, the second reagent dispensing device (104-2) may contain, for
example, 1 to 40 milliliters of reagent and may be pre-packaged with the
reagent before the time of usse.

[6030] Stilt further, in one exampile, the third reagent dispensing device
(104-3) may include any high-volume reagent dispensing device such as, for
example, a digitally addressable fluid ejection device fluidically coupled to an
off-line bulk supply {407) of reagent. In this example, the third reagent
dispensing device (104-3) may be used in connection with the dispensing of
bulk amounts of reagents onio the substrate. The third reagent dispensing
device (104-3) may include a digitally addressable fluid ejection device that
dispenses between approximately 100 nanoliters (nL) and 100 ul as the third
range of volumes of a reagent. in this example, the third reagent dispensing
device (104-3) may contain bulk volumes of reagent since this bulk reagent
dispensing device may be used most often, Thus, third reagent dispensing
device (104-3) may contain for example, 40 to 1,000 mL of reagent and may be
pre-packaged with the reagent before the time of use.

[6031] fn one example, a spittoon may be located below the substrate
conveyance system (101) o receive reagenis spat through the aperiures (115).
The spitioon may be any vessel located below the convevance system (101)
and the reagent dispensing devices (104) of the reagent moduie (103) to caich
reagents spat through the apertures (115) during a spitting operation of at least
one of the reagent dispensing devices (104).

[6032] in another example, the apertures (115) in the substrate
conveyance system (101) may include an absorbent pad located level with the
substrate conveyance system (101}, or, in another example, below the substrate
conveyance system (101} on an opposite side of the conveyance system (101)

relative {o the reagent module (103}, In still ancther, example, the aperiures
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{115} in the substrate conveyance system (101} may include a spittoon and an
absorbent pad. The absorbent pad may be made of a felt, fibrous, sponge-like,
or other porous material which may assist in storing the reagent residue until the
volatiie or evaporatable components evaporate therefrom leaving solid waste
components behind. In this example, the absorbent pad may be dimensioned
to fit within the apertures (115). Further, the absorbent pad may include a
weight or thickness sufficient 10 achieve a target reagent absorption.

[6033] The apertures {115) may be defined in the substrate conveyance
system (101) between a number of the substrates. For example, the substrates
may be placed on the substrate conveyance system (101) such that the
substrates do not obscure the apertures (115). In ancther example, the
apertures (115) may be defined in the substrate conveyance system (101)
periodically and spaced between one another such that the substrates may be
placed between each of the apertures (115}, or, in other words, that an aperiure
(115} is presented between each substrate on the substrate conveyance system
(101}, In another example, data regarding the positions of the subsiraies on the
substrate convevance system (101} and the apertures {(115) may be provided o
the reagent dispensing system (100} so that the reagent dispensing system
(100} may know the location of the substrates on the substrate conveyance
system (101) and the apertures (115) at any given time. In this example, the
apertures (115) may be defined in the substrate conveyance system {(101) at
non-periodic, asymmetric, scattered, or irregular locations within the substrate
conveyance system (101) as well.

[6034] Fig. 2 is a biock diagram of a substrate conveyance system (101),
according to an example of the principles described herein. The substrate
conveyance system (101) may include a conveyor surface (201) 1o convey a
number of subsirates (200). In one example, the substrates may be microscope
slides, test samples, cell-culture dishes such as Petri dishes, paper, lissue
samples, porous media, lateral flow strip media, coated media, microtiter plates,
or other substrates. The substirale conveyance system (101) may be, for
example, a conveyor belt that moves a number of subsirates (200) under an

area where the reagent module (103) may deposit a number of reagents onto
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the substrate {(200). The substrate conveyance system may travel in gither a
positive x-direction or a negative x- direction as indicated by arrow (220) in order
to allow the subsirates {0 move left to right or right to left under the reagent
moduie (103). This allows the substrates {0 have a plurality of reagents
deposited on them, and may also allow for chemical reactions o occur on the
substrate before a subseguent reagent is deposited on the substrate.

[6035] The substrate conveyance system (101) may include a number of
apertures (115) defined in the conveyor surface (201) of the substrate
conveyance system (101) between the substrates (200} as positioned on the
substrate conveyance system (101). The location of the apertures (115} is
based on a location at which at least one reagent module (103) dispenses a
reagent. In this manner, the reagent dispensing devices {104) of the reagent
moduie (103) may both dispense reagent onio the substrates (200} as well as
participate in a spitting operation by spitling the reagent in the apertures (115).
In one example, data regarding the position of the aperiures (115) along the
conveyor surface (201) and below at least one reagent module (103) is sent to
the reagent module (103). More regarding the manner in which the reagent
dispensing devices {104) of the reagent modules (103) spit reagent into the
apertures (115} is described herein.

[6038] Fig. 3 is a biock diagram of a computer program product (300) for
in-fine spit servicing, according to an exampie of the principles described herein.
The computer program product may include a computer readable storage
medium including computer usable program code embodied therewith. The
computer usable program code, and a spit determination module (301), when
execuled by a processing device of the reagent dispensing system (100)
determines whether a number of reagent dispensing devices {104) are {o
undergo a spit operation. In one example, the spit determination module (301)
may determine that a spit operation should be executed based on a schedule or
a lapse of a predetermined amount of time, based on an identified clogging of
the reagent dispensing devices (104), before a number of reagents are
dispensed from the reagent dispensing devices (104), after a number of

reagents are dispensed from the reagent dispensing devices (104), at a time in
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which the apertures {(115) are present under the reagent dispensing devices
(104}, or combinations thereof.

[G037] in one example, the spitting operation may occur any time an
aperture (115) moves (o a position under the reagent dispensing devices (104).
In this example, the spit determination module (301) may determine that a
spitting operation may be executed when an aperiure (115) is positioned under
the reagent dispensing devices based on a regular patiern of the aperiurey’
positions as defined in the conveyor surface (201) and the speed at which the
conveyor surface (201) moves past the reagent dispensing devices (104).
Thus, a spit operation timing identifier (302) may be used to identify the timing of
the apertures’ presence by either knowing or receiving information from a
sensor as to the physical space between the apertures (115) as well as the
speed at which the conveyor surface (201) is moving., With this information, the
reagent dispensing system (100} may accurately know the position and
movement of the apertures {(115), and may store this information for a future spit
operation. The spit operation timing identifier (302) may identify this timing in
response to a determination that a number of the reagent dispensing devices
{104} are to undergo a spit operation as identified by the spit determination
module (301},

[6038] A spit module (303) of the computer program product (300) may
perform the spit operation based on the timing identified by the spit operation
fiming module (302). In one example, the timing information identified by the
spit operation timing module (302) may be seni {0 a processing device, and the
processing device may instruct the reagent dispensing devices (104) to perform
a spit operation based on the information identified by the spit operation timing
module (302).

[6039] Fig. 4 is a block diagram of a reagent dispensing system (400},
according to another example of the principles described herein. The reagent
dispensing system (400} may include a number of elements including the
reagent dispensing system {100) and its various elements described in
connection with Figs. 1 through 3. Therefore, similarly-numbered elements

included in Figs. 1 through 3 and described in connection with Figs. 1 through 3
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designate similar elements within the reagent dispensing system (400) of Fig. 4.
As depicted in Fig. 4, a reagent module (103-2) is located within a reagent
deposition area (402) of the reagent dispensing system (400) and is considered
to be in an in-line position to dispense reagent (105) onio a number of
substrates (200). In this manner, the reagent modules {103-1, 103-2, 103-3}
may be physically coupled to the reagent dispensing system (400) and be
seated within the reagent deposition area (402) in order to dispense reagent
{105} onto the substrates (200}

[6040] Further, in this physically coupled state, a number of electrical
interfaces (503) located on the reagent modules (103) electrically interface with
the slectrical interfaces (412) located in the reagent deposition area {402) of the
reagent dispensing system (400}, This allows the reagent dispensing system
{400} fo send instructions in the form of signals to the modules (103-1, 103-2,
103-3) that cause the various reagent dispensing devices {(104-1, 104-2, 104-3}
o dispense their respective reagents (105) onio the substrates (200).

[6041] As depicted in Fig. 4, a number of exchange paths (410) depicted
as dashed lines indicate a path on which an off-line reagent module (103) may
take when being swilched with an in-line module (103-2). In this exampile, an
automated storage and retrieval system (ASRS) (420} may be used to transport
the reagent modules (103-1, 103-2, 103-3) 10 and from the reagent deposition
area (402). The ASRS (420) may include any number of conveyor systems, lift
systems, robotic arms, other ASRS systems, and combinations thereof. In
another exampie, a technician may manually exchange the reagent modules
(103}, In ancther example, the in-line reagent module (103-2) may be
exchanged for an off-line reagent module (103-1, 103-3) by a user such as a
technician manually exchanging the reagent modules (103-1, 103-2, 103-3}.
[6042] The reagent dispensing system (400} may further include at least
one environmentally-controlled area (430) 1o preserve a number of reagents
(105} within the reagent modules (103-1, 103-2, 103-3). Many reagenis
dispensable by the reagent modules (103-1, 103-2, 103-3) may have a shelf life
or may perform better in a reaction if they are stored in an area where iis

environment may be controlied. The environmentally-controlled areas (430)
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may be environmentally sealed from the remainder of the reagent dispensing
system (400), and may conirol, for exampile, a humidity level, a temperature, a
pressure, or other environmental states within the reagent dispensing system
{(400).

[0043] A processing device (414) and a data storage device (415) may be
included in the reagent dispensing system (400) to insiruct and store data about
the reagent modules (103-1, 103-2, 103-3) and their respeclive reagent
dispensing devices (104-1, 104-2, 104-3). In one example, the computer
program products described herein may be stored in the data storage device
(415}, and provided to the processing device (414) for execution by the
processing device {(414). The processing device (414) may provide signals {o
the reagent dispensing devices (104-1, 104-2, 104-3) to instruct the reagsent
dispensing devices (104-1, 104-2, 104-3) {0 dispense their respective reagents
{105} onto the substrates (200}, Further, the processing device (414) may
instruct the ASRS (420} to exchange the in-line reagent module (103-2) with an
off-line reagent module (103-1, 103-3) in order to dispense a different reageni or
volume of reagent. The processing device (414) may further provide
instructions to the conveyor surface (101) as to speed and direction in moving
the substrates (200} within the reagent deposition area (402) and under the
reagent modules (103-1, 103-2, 103-3).

[6044] The processing device {(414) may further actuate o the conveyor
surface (101) in order to cause an aperture (115) to move under the reagent
module (103-1, 103-2, 103-3), and may instruct the reagent dispensing devices
(104} within the reagent module (103-1, 103-2, 103-3) to perform a spitiing
operation. In doing so, the processing device (414) may receive data from a
sensor {(140) that indicates the direction of travel of the conveyor surface (1013,
the speed of the conveyor surface (101), the locations of the apertures (115),
the spacing between the aperiures (115), the timing at which the apertures
{115} are positioned under the reagent dispensing devices (104) within the
reagent module (103}, or combinations thereof. in this manner, the processing
device (414) may know where the apertures (115) are located at any given time

and instruct the reagent dispensing devices (104) within the reagent module
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(103} to perform a spitting operation at a time when the apertures (115) are
undermeath the reagent dispensing devices {104).

[G045] The data storage device (415) may include various types of
memory modules, including volatile and nonvolatile memory. For example, the
data storage device (415} of the present example may include Random Access
Memory (RAM), Read Only Memory (ROM), and Hard Disk Drive (HDD)
memory. Many other types of memory may also be utilized, and the present
specification contemplates the use of many varying type(s) of memory in the
data sicrage device (415) as may suit a particular application of the principles
described herein. In certain examples, different types of memory in the data
storage device (415) may be used for different data storage needs. For
example, in certain examples the processing device {(414) 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).
The data storage device (415) may comprise a computer readable medium, a
computer readable storage medium, or a non-transiiory computer readable
medium, among others. For example, the data storage device (415) may be,
but not limited 10, an electronic, magnetic, oplical, electromagnetic, infrared, or
semiconductor system, apparatus, or device, or any suitable combination of the
foregoing. More specific examples of the compuler readable storage medium
may include, for example, the following: an eleclrical 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 programmabile 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 foregeoing. In the context of this document, a
computer readable storage medium may be any tangible medium that can
contain, or store computer usable program code for use by or in connection with
an instruction execution system, apparatus, or device. In another example, a
computer readable storage medium may be any non-transitory medium that can
contain, or store a program for use by or in connection with an instruction

execution sysiem, apparatus, or device. The data storage device (415) may
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store computer usable program code described herein for execution by the
processing device.

[60486] As depicted in Fig. 4, the conveyor surface (101 may move in a
positive x-direction or a negative x-direction {o move the subsirates (200)
underneath the reagent modules (103-1, 103-2, 103-3} as indicated by arrow
(220} in order to dispense reagent (105) onto the substrates (200). Further, the
reagent modules (103-1, 103-2, 103-3) may move perpendicular to the direction
of the movement of the conveyor surface (101) in order to service and protect
the reagent dispensing devices (104-1, 104-2, 104-3) within the reagent moduie
(103-1, 103-2, 103-3) in ways other than performing the spitting operation. For
example, the reagent dispensing system (400) may include a wiping station
{403} to wipe off or clean the reagent dispensing devices {104-1, 104-2, 104-3)
of the reagent module (103-1, 103-2, 103-3). In one example, the wiping station
{403} wipes a nozzie plate or other gjection surface of the at ieast one reagent
dispensing device (104-1, 104-2, 104-3) within the reagent module (103-1, 103-
2, 103-3). The reagent dispensing system (400) may aiso include a capping
station (404) to seal a number of nozzles or other gjection devices of the at least
one reagent dispensing device (104-1, 104-2, 104-3) from ambient atrmosphere
around the reagent deposition area (402).

[6047] in one example, the computer usable program code of the
computer program product (300) may send data regarding the time the
apertures (115) are present under the reagent dispensing devices (104-1, 104~
2, 104-3) from the sensor {140) to the processing device (414) where the
processing device (414) may use the data to determine a correct time to instruct
the reagent dispensing devices (104-1, 104-2, 104-3) {0 perform a spitting
operation into the apertures {(115). In this manner, the data may signal to the
reagent dispensing devices (104-1, 104-2, 104-3) within the reagent module
{103-1, 103-2, 103-3) o perfonm the spit operation.

[6043] As depicted in Fig. 4, a reagent caplure device (416) may be
included within the reagent dispensing system (400) located underneath the
reagent dispensing devices (104-1, 104-2, 104-3) of the reagent module (103-1,

103-2, 103-3) and the conveyor suiface (201). 1n one example, the reagent
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capture device {(418) may be a spittoon or other vessel that may receive
reagents (105) spat through the apertures (115). In another example, the
reagent capiure device (418) may be an absorbent pad located within the
apertures (115). In another example, the reagent capture device (416) may be
a combination of a gpittoon and an absorbent pad. In one example, the reagent
moduie (103-1, 103-2, 103-3) does not move relative to the subsiraie
conveyance system (101) during a spit operation. This is due to the alignment
of the reagent capture device (416} and the apertures (115) with an in-line
position of the reagent module (103-1, 103-2, 103-3). In this manner, the
reagent module (103-1, 103-2, 103-3) does not have to be taken off-line to
perform the spit operation, but may perform the spit operation online and even
while depositing reagent onto the substrates.

[6049] With continued reference to Fig. 4, Fig. 5 is a biock diagram of a
reagent module (103-1, 103-2, 103-3), according {0 an example of the principies
described herein. When a reagent module (103-1, 103-2, 103-3) is placed in
the reagent deposition area (402), a number of mechanical (411) and electrical
(412} interfaces within the reagent dispensing system (400) and located at the
reagent deposition area (402) interface with mating mechanical (502) and
electrical (503) interfaces of the module frame (501) on the reagent medules
(103-1, 103-2, 103-3). In this manner, the reagent modules (103-1, 103-2, 103-
3} may be physically coupied to the reagent dispensing system (400) and be
seated within the reagent deposition area (402) in order to dispense reagent
(105} onto the substrates (200).

[G050] in one example, the module frame (501) is included within the
reagent module (103-1, 103-2, 103-3). The module frame (501) mechanically
and electrically couples the reagent dispensing devices (104-1, 104-2, 104-3)
within the reagent module (103-1, 103-2, 103-3) to the reagent dispensing
system (4G0). The module frame (501) may include the mechanical interfaces
(502} to align the reagent dispensing devices (104-1, 104-2, 104-3) with respect
io the reagent module (103-1, 103-2, 103-3). Further, the module frame (501)
may include the slectrical interfaces (503) to electrically couple the reagent
dispensing devices {104-1, 104-2, 104-3) to the reagent moduie (103-1, 103-2,
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103-3), and, in turn, the reagent dispensing system (400). Signals may be sent
by the reagent dispensing system {400) to the reagent dispensing devices {104-
1, 104-2, 104-3) via the number of electrical interfaces (503) of the reagent
moduie (103-1, 103-2, 103-3). These signals may be used o instruct the
reagent dispensing devices (104-1, 104-2, 104-3) 1o disperse a volume of
reagent (105) onio a substrate (200) located on the substrate conveyance
system (101). In this manner, the reagent modules (103-1, 103-2, 103-3) may
ke physically coupled to the reagent dispensing system {(400) and be seated
within the reagent deposition area (402} in order to dispense reagent (105) onio
the substrates (200).

(G081} Further, in this physically coupled state, a number of electrical
interfaces (503} located on the reagent modules (103) electrically interface with
the electrical interfaces (412) located in the reagent deposition area (402) of the
reagent dispensing systemn {400}, This allows the reagent dispensing system
{400} to send instructions in the form of signals to the modules (103-1, 103-2,
103-3) that cause the various reagent dispensing devices (104-1, 104-2, 104-3)
to dispense their respective reagents (105) onto the substrates (200).

iG052] Aspects of the present system and method are described herein
with reference to flowchart illustrations and/or block diagrams of methods,
apparatus (sysiems) and computer program products according to examples of
the principies described herein. Each block of the flowchart Hustrations and
block diagrams, and combinations of blocks in the flowchart Hlustrations and
biock diagrams, may be implemented by computer usable program code. The
computer usable program code may be provided to a processing device of a
general-purpose computer, special purpose computer, or other programmabie
data processing apparaius o produce a machine, such that the computer
usable program code, when executed via, for example, the processing device
{414} of the reagent dispensing system (100) or other programmable data
processing apparatus, implement the functions or acts specified in the flowchart
and/or blocl 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
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product. In one example, the computer readable storage medium is a non-
fransitory computer readable medium.

[6053] The specification and figures describe a subsiraie conveyance
system. The substrate conveyance system may include a conveyor surface to
convey a number of substrates, and a number of apertures defined in the
conveyor surface between the substrates as posilioned on the conveyor
surface. The location of the apertures is based on a location at which at least
one reagent module dispenses a reagent.

[G054] This substrate conveyance system may increase the speed at
which the reagent dispensing devices are able to dispense the reagent since
they and their associated reagent modules do not move off-line {o, for example,
a service location before dispensing an amount of reagent on a substrate.
Further, this substrate conveyance system enables spitling immediately before
the dispensing of the reagent on the substrate {akes place, ensuring that the
reagent dispensing devices are in good health. Still further, the substrate
conveyance system enables spitting immediaiely before the dispensing
operation without using a mask-region on the slide for such purposes.

iG0EE] The preceding description has been presented o ilustrate and
describe examples of the principles described. This description is not intended
to be exhaustive or to limit these principles {0 any precise form disclosed. Many

maodifications 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 substrate conveyance system to convey a number of substrates;

at least one station located in-ling with respect 1o the subsirate
conveyance system, the station comprising at least one reagent module {o
dispense areagent on the subsirates; and

a number of apertures defined in the substrate conveyance system,

wherein the reagent module performs a spit operation in response o at

least one of the number of aperiures passing below the reagent module.

2. The reagent dispensing system of claim 1, comprising a spitioon located
below the substrale conveyance system to receive reagents spat through the

aperiures.

3. The reagent dispensing system of claim 1, wherein the apertures in the

substrate conveyance system comprises an absorbent pad.

4, The reagent dispensing system of claim 1, wherein the atleast one
reagent module does not move relative to the subsirate conveyance system

during the spit operation.
5. The reagent dispensing system of claim 1, comprising a capping module
to seal a number of nozzles of a number of reagent dispensing devices within

the reagent module from ambient atmosphere.

8. The reagent dispensing system of claim 1, whersin the aperiures are

defined in the substrate conveyvance system between each of the subsirafes.
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7. The reagent dispensing system of claim 1, wherein data regarding the
position of the apertures along the subsirate conveyance system and below the
at least one reagent module is sent to the at least one reagent module, the data

signaling o the at ieast one reagent module to perform the spit operation.

8. A subsirate conveyance system, comprising:

a conveyor surface to convey a number of subsirates, and

a number of apertures defined in the conveyor surface between the
substrates as positioned on the conveyor surface,

wherein the location of the apertures is based on a location at which at

least one reagent module dispenses a reagent.

Q. The substrate convevance system of claim 8, wherein data regarding the
position of the apertures along the conveyor surface and below the at least one

reagent module is sent to the at least one reagent moduls.

10.  The substrate conveyance system of claim 8, comprising a spittoon
located below the conveyor surface o receive reagents spat through the

apertures.

11.  The substrate conveyance system of claim 8, comprising an absorbent

pad located within the apertures in the conveyor surface.

12.  The subsirate conveyance system of claim 9, wherein the data defines a

time at which the at least one reagent module it to perform a spit operation.

13, A computer program product for in-line spit servicing, the computer
program product comprising:

a computer readable storage medium comprising computer usable
program code embodied therewith, the computer usable program code to, when

executed by a processing device:
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determine whether a number of reagent dispensing devices are
scheduled for a spit operation;

in response to a determination that a number of the reagent
dispensing devices are scheduied for a spit operation, identifying a time
an aperiure defined within a substrate conveyance system is present
under the reagent dispensing devices; and

performing the spit operation based on the time the aperture is

present under the reagent dispensing devices.

14.  The computer program product of claim 13, wherein the computer usable
program code, when executied by the processing device, instructs the reagent
dispensing devices to move 1o a capping module to seal the reagent dispensing

devices from ambient atmospherse.
15.  The computer program product of claim 13, wherein the computer usable

program code, when executed by the processing device, sends data regarding

the fime the aperture is present under the reagent dispensing devices.
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