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may include a work station configured to perform a process involving equip-
ment capable of use with biological or chemical material, a first transportation
segment that is configured to connect and disconnect with a second transporta-
tion segment such that when connected, a carrier of the biological or chemical
material can be transported from the first transportation segment to the second
transportation segment, a pick and place robot configured to move an element
between the first transportation segment and the work station; and a movement
mechanism configured to allow the work station, the first transportation seg-
ment, and the pick and place robot to be moved as a single unit. A system may
include a plurality of manufacturing modules that are reconfigurable to a plu-
rality of configurations.
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SCALABLE, MOBILE, AND RECONFIGURABLE MODULES FOR PROCESSING BIOLOGICAL
AND CHEMICAL MATERIALS

INCORPORATION BY REFERENCE

[0001] A PCT Request Form is filed concurrently with this specification as part of the
present application. Each application that the present application claims benefit of or
priority to as identified in the concurrently filed PCT Request Form is incorporated by

reference herein in its entirety and for all purposes.

FIELD
[0002] This disclosure pertains to reconfigurable manufacturing modules. More
particularly, it pertains to scalable, mobile, and reconfigurable modules for processing

materials such as biological or chemical materials.

BACKGROUND

[0003] Products, including biological or chemical materials, may be manufactured
using various arrangements of equipment along an assembly line. A typical assembly
line may be designed and built for certain production parameters such as product,
amount, cost, time, and throughput. Once built, it is difficult to scale or reconfigure the
assembly line to make changes to any of these parameters. For example, the product
itself generally cannot be changed, the amount of product produced can only be
changed by increasing or decreasing production time, and the assembly line generally

cannot be changed to produce a product in a different manner.

[0004] One obstacle to scaling or reconfiguring an assembly line is that moving
assembly line equipment is generally difficult, time consuming, and expensive. The
weight, size, and configuration of some equipment may require the use of heavy
transportation equipment such as a forklift or crane to move the equipment. Further,
the rearrangement or changing of equipment may involve taking the assembly line
offline. Moving can also involve a significant amount of open factory floor space.

Further challenges to scaling and reconfiguring assembly lines include stationary
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transportation systems and utility systems, as well as fixed positions for connections to

these systems.

[0005] It would be desirable to have apparatuses, methods, and systems for scaling

and reconfiguring an assembly line.

SUMMARY

[0006] In some embodiments, a manufacturing module may be provided. The
manufacturing module may include a work station configured to perform a process
involving equipment capable of use with biological or chemical material, a first
transportation segment that spans across the manufacturing module and is configured
to connect and disconnect with a second transportation segment such that when
connected, a carrier of the biological or chemical material can be transported from the
first transportation segment to the second transportation segment, a pick and place
robot configured to move an element between the first transportation segment and the
work station, and a movement mechanism configured to allow the work station, the first

transportation segment, and the pick and place robot to be moved as a single unit.

[0007] In some embodiments, the manufacturing module may further include an
enclosure, and the movement mechanism and the first transportation segment may be
connected to the enclosure.

[0008] In some such embodiments, the manufacturing module may further include a
moveable shelf connected to the enclosure. The work station may be connected to the
moveable shelf, and the moveable shelf may be configured to be moved between a first
position and a second position such that in the first position, the moveable shelf is
located within the enclosure, and in the second position, the moveable shelf is located
at least partially outside the enclosure.

[0009] In some embodiments, the manufacturing module may further include a
bumper connection that may extend away from a module housing by a first horizontal
distance and that may be configured to connect with another manufacturing module.
[0010] In some such embodiments, the bumper connection may be configured to

connect with a bumper connection of another manufacturing module.
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[0011] In some embodiments, the movement mechanism may be configured to allow
the work station, the first transportation segment, and the pick and place robot to be
moved as a single unit in a vertical direction.

[0012] Insome such embodiments, the movement mechanism may be configured to
allow the work station, the first transportation segment, and the pick and place robot to
be moved as a single unit in a horizontal direction.

[0013] Insome embodiments, the work station may be one of a cell transfection unit,
a cell transformation unit, a cell transduction unit, an electroporation unit, a
microinjection unit, a cell deformation unit, a centrifuge, a cytometer, a deionizer, a
dispenser, an evaporator, a freezer, a heater, an imager, an incubator, a liquid handler, a
mixer, a nucleic acid purifier, a pipettor, a sonicator, a storage unit, a thermal cycler, a
real-time quantitative polymerase chain reactor (qPCR), a polymerase chain reactor
(PCR) machine, a cell dispenser, a colony picker, a high-performance liquid
chromatography unit, a mass spectrometer, a microfluidics unit, a fermenter, an
autoclave, a barcode printer, a barcode applier, a barcode reader, a capper, a decapper,
a counter, an air knife, a docking station, a carousel, a sample storage, a pierce tool, a
plate reader, a plate sealer, a plate peeler, a plate washer, a stacker, a tube sorter, a
biosafety cabinet, and a laboratory bench.

[0014] In some embodiments, the manufacturing module may further include a tunnel
that may be located over the first transportation segment and may be configured to
cover the first transportation segment.

[0015] Insome embodiments, the pick and place robot may further include a gripper
configured to grip an element on the first transportation segment during transportation
of the element between the work station and the first transportation segment.

[0016] Insome such embodiments, the gripper may include alignment features that
may be configured to contact alignment surfaces on the carrier.

[0017] Insome such embodiments, the alignment features may be pins and the
alignment surfaces may be tapered holes.

[0018] Insome such embodiments the carrier may have a first end, a second end, and
two sides, the alignment surfaces may be positioned on the sides of the carrier, and the
alignment features may be configured to contact the alignment surfaces on the sides of

carrier.
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[0019] Insome such embodiments, the gripper may include a frame and gripping
surfaces configured to grip the element, and the frame may not extend over the area
between the gripping surfaces in the vertical direction.

[0020] In some embodiments, a system may be provided. The system may include a
plurality of manufacturing modules and each manufacturing module may include a work
station configured to perform a process on or house a biological or chemical material or
a material container, a first transportation segment that spans across the manufacturing
module and is configured to connect and disconnect with a second transportation
segment such that when connected, a carrier configured to support an element can be
transported from the first transportation segment to the second transportation
segment, a pick and place robot configured to move the element between the first
transportation segment and the work station, a movement mechanism configured to
allow the work station, the first transportation segment, and the pick and place robot to
be moved as a single unit, and a utility connection configured to be connected to a
connector of a utility, and a controller having at least one processor and a memory. The
at least one processor may be operatively connected with each of the manufacturing
modules, and the memory may store computer executable instructions for controlling
the at least one processor to cause each of the transportation segments to move the
carrier across each manufacturing module, cause each pick and place robot to move an
element between the transportation segment and the work station, cause each work
station to perform a process on or house the biological or chemical material or on the
material container, and cause the carrier to be moved between each of the
manufacturing modules.

[0021] In some embodiments, the system may further include one or more the carrier
that may be configured to be compatible with a Society for Biomolecular Screening (SBS)
footprint object.

[0022] In some embodiments, the transportation segments of the plurality of
manufacturing modules may be at a substantially equal vertical height with respect to
each other.

[0023] In some embodiments, the system may further include a second track section
that may be configured to transport the carrier, the second track section is parallel to at

least one of the first transportation segments.
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[0024] In some such embodiments, the second track section may include a first switch,
a second switch, and a second transportation segment spanning between the first
switch and the second switch, and the first switch and second switch may each be
configured to transport a carrier between the second transportation segment and a first
transportation segment.

[0025] In some embodiments, the system may further include a modular subfloor tile
that may include one or more utilities and the utility connection of at least one of the
manufacturing modules may be connected to the one or more utilities of the modular
subfloor tile.

[0026] In some such embodiments, the system may further include a plurality of
modular subfloor tiles. The one or more utilities of each modular subfloor tile may be
configured to be connected with the one or more utilities of adjacent modular subfloor
tiles, and the modular subfloor tiles may be configured to be connected to each other
and reconfigurable.

[0027] In some other such embodiments, the module subfloor tile may include one or
more of: an electrical connection, an ethernet port, a compressed air connection, a gas
connection, a liquid port, a vacuum connection, and an uninterruptible power supply.
[0028] In some embodiments, the system may further include a modular moveable
cart that includes a movement mechanism and one or more utilities, and the utility
connection of at least one of the manufacturing modules may be connected to the one
or more utilities of the modular moveable cart.

[0029] In some such embodiments, the system may further include a plurality of
modular moveable carts. The one or more utilities of each modular moveable cart may
be configured to be connected with the one or more utilities of adjacent modular
moveable carts, and the modular moveable carts may be configured to be connected to
each other and reconfigurable.

[0030] Insome such embodiments, the modular moveable cart may include one or
more of an electrical connection, an ethernet port, a compressed air connection, a gas
connection, a liquid port, a vacuum connection, and an uninterruptible power supply.

[0031] Insome embodiments, adjacent modules may be connected to each other.
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[0032] Insome such embodiments, each module may further include a bumper
connection, and the bumper connection of each module may be connected to an
adjacent module.

[0033] Insome embodiments, the first transportation segments of adjacent
manufacturing modules may be connected to each other.

[0034] Insome embodiments, the work station may be configured to perform a
process on or house a biological or chemical material and is one of a cell transfection
unit, a cell transformation unit, a cell transduction unit, an electroporation unit, a
microinjection unit, a cell deformation unit, a centrifuge, a cytometer, a deionizer, a
dispenser, an evaporator, a freezer, a heater, an imager, an incubator, a liquid handler, a
mixer, a nucleic acid purifier, a pipettor, a sonicator, a storage unit, a thermal cycler, and
a real-time quantitative polymerase chain reactor (qQPCR), a colony picker, a high-
performance liquid chromatography unit, a mass spectrometer, a microfluidics unit, a
fermenter, a bulk dispenser, and an autoclave.

[0035] In some embodiments, the work station may be configured to perform a
process on a container of a biological or chemical material and is one of a barcode
printer, a barcode applier, a barcode reader, a capper, a decapper, a counter, an air
knife, a docking station, a carousel, a sample storage, a hotel, a pierce tool, a plate
reader, a plate sealer, a plate peeler, a plate washer, a stacker, a tube sorter, a biosafety
cabinet, and a laboratory bench.

[0036] Insome embodiments, a meta-module may be provided. The meta-module
may include a plurality of manufacturing modules that are reconfigurable to a plurality
of configurations, wherein each module comprises a transportation segment such that in
each configuration, the plurality of manufacturing modules are connected to each other
such that a carrier of a material is movable along a transportation pathway that extends
through the plurality manufacturing modules and that comprises at least all of the
transportation segments of the plurality of manufacturing modules, and in each
configuration, the plurality of manufacturing modules are configured to be moved as a
single unit.

[0037] Insome embodiments, a system may be provided. The system may include a
transportation pathway configured to transport a carrier that may be configured to

support an element, and a plurality of manufacturing modules that each include a work
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station configured to perform a process on or hold a material, a pick and place robot
configured to move an element between the transportation pathway and the work
station, and a movement mechanism configured to allow the work station and the pick
and place robot to be moved as a single unit. The manufacturing modules may be
positioned along the transportation pathway such that the pick and place robots are
able to transport an element between the transportation pathway and the work station,
and the manufacturing modules may be reconfigurable into a plurality of configurations
along the transportation pathway such that in each configuration the pick and place
robots are able to transport an element between the transportation pathway and the
work station.

[0038] Insome embodiments, in at least one configuration, the plurality of
manufacturing modules may be configured to be moved as a single unit.

[0039] Insome embodiments, in a first configuration, the plurality of manufacturing
modules may be arranged along the transportation pathway in a first order, and in a
second configuration, the plurality of manufacturing modules may be arranged along the
transportation pathway in a second order that is different than the first order.

[0040] Insome such embodiments, in a third configuration, the plurality of
manufacturing modules may include N manufacturing modules, in a fourth
configuration, the plurality of manufacturing modules may include M manufacturing
modules, and M may be lesser than N or greater than N.

[0041] Insome embodiments, a system for producing a plurality of organisms may be
provided. The system may include a plurality of manufacturing modules that are
reconfigurable to a plurality of configurations that each include a work station
configured to perform a process on or house a material. The plurality of manufacturing
modules may be connected to each other such that a carrier of a material is movable
along a transportation pathway that extends through the plurality manufacturing
modules, and in each configuration, the plurality of manufacturing modules may be
configured to produce a different organism.

[0042] Insome embodiments, in a first configuration the plurality of manufacturing
modules may be arranged in a first order and are configured to produce a first organism,

and in a second configuration, the plurality of manufacturing modules may be arranged
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in a second order that is different than the first order and may be configured to produce
a second organism.

[0043] Insome embodiments, in a third configuration, the plurality of manufacturing
modules may include N manufacturing modules and may be configured to produce a
third organism, in a fourth configuration, the plurality of manufacturing modules may
include M manufacturing modules and may be configured to produce a fourth organism,
and M may be lesser than N or greater than N.

[0044] In some embodiments, the production of a different organism may include cell
transformation.

[0045] Insome such embodiments, the production of a different organism may further
include analysis testing.

[0046] In some embodiments, the production of a different organism may include
introducing a plasmid into a microbe.

[0047] Insome such embodiments, the production of a different organism may further
include plating at one of the manufacturing modules and colony picking at another one
of the manufacturing modules.

[0048] Insome embodiments, in each configuration, the plurality of manufacturing
modules may be configured to produce a different engineered organism.

[0049] Insome such embodiments, the engineered organism may include an
engineered bacteria.

[0050] In some such embodiments, the engineered organism may include an
engineered fungus.

[0051] In some other such embodiments, the engineered fungus may include an
engineered yeast.

[0052] Insome other such embodiments, the engineered organism may include an
engineered mammalian cell.

[0053] Insome such embodiments, in one configuration, the engineered organism may
include an engineered bacteria, and in another configuration, the engineered organism

may include an engineered fungus.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0054] Figure 1A depicts two configurations of an example reconfigurable system.

[0055] Figure 1B which depicts a third configuration of the example reconfigurable

system of Figure 1A.

[0056] Figure 2 depicts an isometric view of an example manufacturing module.
[0057] Figure 3 depicts a side view of two example transportation segments.

[0058] Figure 4 depicts a top view of the two example transportation segments of 3.
[0059] Figure 5 depicts a front view of the module of Figure 2.

[0060] Figure 6 depicts an isometric view of the transportation segment of Figure 2

with a tunnel.
[0061] Figure 7 depicts an isometric view of a first example gripper.

[0062] Figures 8A and 8B depict an off-angle view of the first example gripper of Figure

7 with an example positioning surface.
[0063] Figures 9A to 9D depict an example aligning sequence of the gripper.

[0064] Figure 10 depicts a top view of two partial representational schematics of the

module of Figure 2.

[0065] Figures 11A and 11B are representation side views of a module and a separate

transportation segment.
[0066] Figure 12 depicts an example system with a plurality of modules.

[0067] Figures 13A-13C depict an example system having an external transportation
pathway and a plurality of the modules that do not have their own transportation

segment.

[0068] Figure 14 depicts an example system that has a transportation pathway, a pick
and place robot, and plurality of modules that are positioned around the pick and place

robot.

[0069] Figure 15 depicts one example configuration of a system configured to perform

processes related to biological or chemical material.
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[0070] Figure 16 depicts a second configuration of the system of Figure 15.
[0071] Figure 17 depicts an isometric view of a second example gripper.

[0072] Figure 18 is an off-angle view of the second example gripper of Figure 17 with

the example positioning surface.

DETAILED DESCRIPTION

[0073] In the following description, numerous specific details are set forth in order to
provide a thorough understanding of the presented concepts. The presented concepts
may be practiced without some or all of these specific details. In other instances, well
known process operations have not been described in detail so as to not unnecessarily
obscure the described concepts. While some concepts will be described in conjunction
with the specific implementations, it will be understood that these implementations are

not intended to be limiting.

[0074] Described herein are apparatuses, methods, and systems for reconfiguring
and/or scaling production processes. According to various embodiments, the
apparatuses, methods, and systems may include or use modular, scalable, and
reconfigurable elements. In some embodiments, the apparatuses, methods, and
systems related to the production of organism and related biological and chemical

processing are provided.

[0075] Reconfigurable systems described herein include mobile, connectable, and
reconfigurable manufacturing modules that when connected together are configured to
produce a product or perform other processing. As discussed in greater detail below, a
manufacturing module (also referred to as a “module”) is a basic building block of these
systems. A module may include features that enable it to be quickly and easily moved
and connected with other manufacturing modules into numerous different
configurations. In some embodiments, a module includes a transportation segment that
is connectable with transportation segments of other modules to create a

transportation pathway along the modules.

[0076] Figure 1A depicts two configurations of an example reconfigurable system.
This example system includes three modules 100A-100C that are connected together to

form a transportation pathway along these modules. For illustration purposes in Figure

10
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1A, the modules 100A—-100C include a work station 102A-102C, a transportation
segment 104A-104C, and a pick and place robot 106A-106C. As discussed further
below, each work station may be configured to perform one or more processing
operations on a material, the transportation segment may be configured to transport a
carrier of a material, and the pick and place robot may be configured to transport an
element (e.g., either the material or its carrier) between the transportation segment and
the work station of that module. In the top portion of Figure 1A, the three modules are
arranged in a first configuration 156A such that module 100B is interposed between
modules 100A and 100C and the transportation pathway 158A is formed along these
modules. In the bottom portion of Figure 1A, the three modules have been reconfigured
and connected to each other into a second configuration 156B. As can be seen, in the
second configuration 156B, a longer transportation pathway 158B is formed by the
transportation segments 104B, 104C, 160, and 104A and the order of the modules is
different. Additionally, modules may be removed or added to the reconfigurable
system. For example, Figure 1B depicts a third configuration 156C of the example
reconfigurable system of Figure 1A in which a fourth module 100D has been added to
the system such that it is connected to module 100C and the transportation pathway

158D is formed along all four modules.

[0077] Figures 1A and 1B provide examples of different configurations of a
reconfigurable system according to various embodiments. Further details of the
reconfigurable systems are described further below with reference to Figures 12-16,

after a discussion of examples of manufacturing modules with respect to Figures 2—-10.
Manufacturing Module Examples

[0078] Figures 2—-10 depict examples of a manufacturing module and components
thereof. As described above, some embodiments of a module include a section of a
transportation segment, such as a rail. Other embodiments of a module do not include
a transportation segment. Such modules may be connectable to a separate

transportation segment.

[0079] Figure 2 depicts an isometric view of an example manufacturing module 200
that includes a work station 202, a transportation segment 204, a pick and place robot

206, and a movement mechanism 208. In some embodiments, the module includes an

11
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enclosure 209 to which the elements of the module may be directly or indirectly
attached. For instance, the work station 202 is directly attached to a shelf 222 that is
directly attached to the enclosure 209 (as described below, the shelf may be slidably
connected to the enclosure 209), and thus the work station 202 is indirectly attached to
the enclosure 209. The transportation segment 204 is attached to a portion of the
enclosure 209, the pick and place robot 206 is attached to the enclosure 209, as are the

movement mechanisms 208.

[0080] The work station 202 may be any piece of equipment that is capable of use with
a material, including a biological or chemical material, or with a material container. In
some embodiments, the work station may be configured to one or more of the
following: perform a process on a material, to house or store a material, to dispense a
material, to house or store a material container, or to perform a process on a material
container. For instance, in some embodiments, the work station may be configured to
perform one process on a material, while in some other embodiments the work station
may be configured to perform multiple functions, such as multiple different processes
on a material or one process on a material and one process on a material container.
Examples of processes performed on materials include but are not limited to heating;
cooling; thermocycling; electroporation; incubation, addition of one or more other
materials such as liquid media, reagents, buffers, stains, and the like; measuring or
detecting one or more characteristics of the materials, e.g., by optical detection,
weighing, and the like; pooling a material with a similar material; sorting (e.g., cell
sorting), and plating a material on a solid media. Examples of processes performed on
material containers include but are not limited to stacking, labeling, and sorting material
containers. Further examples of such processes are provided below with examples of

equipment configured to perform the processes at work stations.

[0081] As indicated above, in some embodiments, the material is a biological or
chemical material such as but not limited to one or more cells, nucleotides, tissue, and
the like. Examples of carriers of such material include multi-well plates such 6-, 12-, 24-,
48-, 96-, 384-, or 1536-well plates, also referred to as microplates, as well as tubes or
tube carriers. Examples of equipment capable of use with or capable of housing

biological or chemical material or carriers and that may be included at a work station
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include a cell dispenser configured to dispense one or more cells (e.g., a single cell
dispenser like a Namo™ or a Hana™ by Namocell, or a microplate dispenser such as a
Tecan D300e Digital Dispense), a cell transfection unit (e.g., a Lonza Nucleofector); a cell
transformation unit (e.g., a Bio-Rad MicroPulser™); a cell transduction unit; an
electroporation unit configured to introduce material into cells using electricity to open
pores in cell membranes (e.g., a ThermoFisher Scientific Neon® Transfection System); a
microinjection unit configured inject a substance into a cell or intercellular space, such
as by using a micropipette; a cell deformation unit configured to deform a cell, e.g., by
the application of pressure on a cell membrane; a centrifuge (e.g., a HighRes MicroSpin);
a cytometer (e.g., a Union Biometrica COPAS); a deionizer configured to deionize a piece
of equipment like a microplate (e.g., HighRes MicroBlast); a dispenser configured to
dispense discrete amounts of liquid or media into one or more containers like a 384-well
plate, such as a bulk dispenser, (e.g., an Integra VIAFILL or Kalypsys Dispenser); an
evaporator configured to evaporate liquid from a material container (e.g., a Porvair
Ultrvap); a freezer configured to reduce the temperature of a material to less than about
-20°C, -80°C, -150°C, and -190°C (e.g., a Brooks BioStore™ IIl Cryo -190°C); a heater
configured to heat a microplate (e.g., a QInstruments HeatPlate), an incubator
configured to receive, heat, incubate, shake, and rotate material containers, such as a
microplate (e.g., an inheco Incubator MP); a liquid handler configured to insert and
remove liquid from one or more containers sequentially or simultaneously, such as a
microplate (e.g., a TECAN Freedom EVO® series); a mixer configured to mix liquid in one
or more containers including in a microplate or tube (e.g., a Microsonic HENDRIX SM-
100); a nucleic acid purifier configured to purify DNA, RNA, proteins, or cells such as
through the use of magnetic-particle processing (e.g., a ThermoFisher Scientific
KingFisher™ Flex Purification System); a pipettor configured to remove or insert material
or liquid from a material container, such as a microplate (e.g., a CyBio® SELMA); a
shaker configured to shake a material container (e.g., a Siemens MicroMix Shaker); a
sonicator configured to deliver sonic energy to liquid or other media in order to, for
example, shear DNA, shear chromatin, cause cell lysis, cause compound dissolution,
cause compound formation, cause tissue disruption and homogenization, and extract
samples (e.g., a Brooks SonicMan); a thermal cycler, a real-time quantitative polymerase

chain reactor (“gPCR”) or a polymerase chain reactor (PCR) machine, or other DNA

13



10

15

20

25

30

CA 03100908 2020-11-18

WO 2019/226887 PCT/US2019/033733

amplifier configured to raise and lower temperatures of a material container in discrete
steps to cause temperature-sensitive reactions such as the amplification of DNA or
restriction enzyme digestion (e.g., an Applied Biosystems Vi); an imager configured to
capture images of cells and assays including cell imagers that can perform investigative
microscopy, high-content screening, imaging of Image organelles, cells, tissues,
organisms, and perform fixed end-point assays and live-cell studies (e.g., a GE IN Cell
Analyze 2200); a colony picker configured to identify biological colonies (e.g., microbial
colonies) on a solid media, to pick some colonies, and to duplicate them on solid or
liguid media (e.g., Hudson Robotics, Inc. RapidPick™ Complete Colony Picker); a high-
performance liquid chromatography unit configured to separate, identify, and quantify
each component in a mixture (e.g., ThermoFisher UltiMate 3000 Standard Binary
System), a mass spectrometer configured to measure the masses of elements within a
sample (e.g., a ThermoFisher Orbitrap Fusion™ Lumos™ Tribrid™ Mass Spectrometer); a
microfluidics unit configured to mix, pump, sort, or control fluid flow; a fermenter
configured to support biologically active environments (e.g., a LAMBDA Fermenter —
Bioreactor); an autoclave configured for chemical reactions and other processes that
may use high pressures or temperatures (e.g., 135 °C), such as steam sterilization (e.g., a
Fisherbrand™ SterilElite™ Tabletop Autoclave), such as using bulk dispenser configured

to.

[0082] Examples of equipment capable of housing a material container or performing a
process onto a material container that may be included at a work station include a
barcode printer that is configured to print a barcode on a label or on a container (e.g., an
Agilent Microplate Labeler/Velocity 11 VCode); a barcode applier that is similarly
configured to apply a barcode onto a container of material or other item (e.g., a
KBiosystems Gecko); a barcode reader that is configured to read a barcode (e.g., a Ziath
DataPag™ High Speed Linear Rack Version 2); a capper and decapper which are
configured to, respectively, remove a cap and install a cap, onto an element, such as a
tube (e.g., a Brooks ACD96 (Automated Capper / Decapper96 Position)); a storage unit
configured to hold and store a plurality of material containers (e.g., a HighRes
AmbiStore™); an air knife configured to apply a burst of air in order to remove liquid or

debris from a material container (e.g., a HighRes MicroBlast); a carousel configured to
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hold and rotate material containers (e.g., an Agilent Labware MiniHub); a hotel
configured to hold lids or other equipment related to a material container (e.g., a
HighRes LidValet); a sample storage configured to hold samples or consumables, such as
glassware, disposable equipment, gases, reagents, and media; a pierce tool configured
to pierce portions of a material container such as a foil or rubber (e.g., a KBiosystems k-
Pierce); a plate reader configured to detect biological, chemical, or physical events of
material, such as biological material in a microfitter plate, by using, for instance,
absorbance, fluorescence, luminescence, time-resolved fluorescence, fluorescence
polarization, and light scattering and nephelometry (e.g., a TECAN Infinite® 200 PRO); a
plate sealer configured to apply a sealing material to a material container (e.g., an
Agilent PlateLoc Thermal Microplate Sealer); a plate peeler configured to remove a
sealing material from a material container (e.g., a Kbiosystems Chameleon XT); a plate
washer configured to wash a material container (e.g., TECAN Power Plate Washer); a
stacker configured to move, stack, and hold material containers (e.g., an Agilent Velocity
11 VStack Stacker); a tube sorter configured to sort tubes (e.g., a T&O LabSystems
ATRAS TS). In some embodiments, the work station may also be configured to hold the
material container while it sits idle as well as configured to allow a person to perform a
process on a biological or chemical material or on a container of material. For instance,
the work station may include a laminar flow hood, a biosafety cabinet (e.g., an enclosed,
ventilated laboratory work space such as a LABCONCO Biosafety Cabinet, 72.6), or a
laboratory bench where a person may perform a process by hand with or without

standard hand tools.

[0083] The material or container may be transported to the work station 202 by a
combination of the pick and place robot 206 and the transportation segment 204. As
described in more detail below, the transportation segment 204 is configured to move a
carrier 211 of material across the module 200 and the pick and place robot 206 is
configured to move an element between the transportation segment 204 and the work
station 202. When the carrier 211 is located at one or more positions along the
transportation segment 204, the pick and place robot 206 moves the carrier, or an item
on the carrier, from the transportation segment 204 to the work station 202. In one

example, a process on a biological or chemical material is performed at the work station
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202. Afterwards, the pick and place robot 206 can move the carrier 211 or the item
from the work station 202 back to the transportation segment 204 and the carrier 211

can be moved along the transportation segment 204 to another transportation segment.

[0084] The module 200 also includes a transportation segment 204 that is configured
to be linked with other transportation segments in order to create a modular
transportation pathway that can transport a carrier of material along all of the linked
segments in the pathway. As discussed in further detail below, this enables the
transportation segments of multiple modules to be linked together to form a
transportation pathway between the multiple modules and for that transportation
pathway to be the easily reconfigurable if the modules are reordered or if a module is
added to or subtracted from that pathway. For example, referring to Figure 1A, the
transportation segments 104A-104C of modules 100A-100B are linked together to
create the transportation pathways 158A and 158B between these modules. In the first
configuration 156A, module 100B may be removed by disconnecting its transportation
segment 1004B from the other modules, and the transportation segments 104A and
104C of modules 100A and 100C can be linked directly to each other to close the gap in

the transportation pathway 158A.

[0085] The transportation segment 204 is therefore configured to move a carrier of
material along the segment and between an adjacent transportation segment. Some
example transportation segments that are configured to physically move the carrier
include a conveyor belt, a magnetic conveyor belt that has magnets on the conveyor,
powered rollers, and a cable car arrangement. Some powered rollers may have rollers
oriented at different angles from each other to move the carrier in multiple directions in
a single plane, such as a 2-dimensional conveyor that has two powered rollers oriented
orthogonally to each other. Other transportation segments may use magnetism to
propel a carrier, including a beltless magnetic conveyor that has a non-magnetic outer
surface and moving magnets underneath the non-magnetic outer surface, and a
magnetic track that can propel a carrier when a current is applied to the magnets. For
instance, the carrier may include one or more magnets with north poles facing out at
one end and one or more magnets with south poles facing out at the other end; when

this carrier is positioned on a track that may be magnetized by applying an alternating
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current to a coil on the track, the carrier is caused to move along the track and also
possibly levitated by the track. The transportation segment 204 in Figure 2 is a track
segment that is configured to move a carrier along the segment using magnetism, for

instance.

[0086] The above-described transportation segments are active transportation
segments in that they can cause a carrier to move. In some other embodiments, the
transportation segment may be passive. A passive carrier does not cause the carrier to
move, but enables its movement. Examples of passive transportation segments include
tracks that may enable a powered carrier to move along the track like a railroad, or a flat
surface that may enable a powered, mobile carrier to move along the surface using
treads or wheels. A transportation segment may also include guides or markers
configured to be detectable by a sensor on a carrier so that the carrier can move along

the transportation segment using the guides or markers.

[0087] The transportation segment 204 is configured to be linked with other
transportation segments so that the carrier of material can be moved between the
linked transportation segments. In some embodiments, the transportation segment 204
is configured to be connected to another transportation segment. For instance, the
transportation segment 204 of Figure 2 is configured to be positioned adjacent to, in
direct contact with, and secured to a second transportation segment. A first
transportation segment may be in direct contact with and secured to a second
transportation segment using various means, such as clamps, bolts, connectors, clips,
plates, and the like. In other embodiments, adjacent transportation segments may be in

direct contact without additional securing means.

[0088] In some other embodiments, the two transportation segments may be adjacent
to each other, but not touching each other, such that a gap exists between the two
segments. These two non-touching adjacent transportation segments may be
considered linked or connected together if configured to transport a carrier between the
two segments. For example, two adjacent conveyor belts may be positioned end to end
with a gap between them, such as 2 millimeters, that is small enough that a carrier can

be moved from one conveyor to the other without interference by the gap.
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[0089] In some embodiments, the alignment of the transportation segment within the
module enables the transportation segment to be linked with and connectable to
another transportation segment. The transportation segment of the module may be
positioned in a manner, including its vertical, horizontal, axial, and rotational
positioning, that enables the carrier to be moved between the transportation segments.
This positioning may, at least in part, be uniform on a plurality of modules. For example,
the transportation segment may have a transportation plane that represents a plane
through which the carrier travels while it is moved along the transportation segment.
The transportation plane may include a centerline along its length that represents a
carrier’'s movement path along the transportation segment, that is visible when viewed
from a direction perpendicular to the transportation plane. The transportation segment
may be uniformly positioned on each module in the plurality of modules so that all of
the transportation planes are parallel to each other and substantially coplanar such that
one transportation plane is offset from another transportation plane other in a direction
perpendicular to that one transportation plane by, for example, less than 5% or 10% of
coplanar. The module is further connectable to other modules such that when a first
end of one transportation segment’s centerline is positioned adjacent to a first end of
another transportation segment’s centerline, the carrier can be moved between these

two transportation segments.

[0090] Example alignments between adjacent transportation segments are illustrated
in Figures 3 and 4. Figure 3 depicts a side view of two example transportation segments.
The first transportation segment 304A includes a first transportation plane 310A
depicted as a dash-dot-dash line and the second transportation segment 304B includes a
second transportation plane transportation plane 310B also depicted as a dash-dot-dash
line; the view of Figure 3 is along, i.e., parallel to, both the first and second
transportation planes 310A and 310B. The carrier is configured to move along the first
and second transportation planes 310A and 310B in the x-direction. The first and
second transportation planes 310A and 310B in Figure 3 are parallel to each other, e.g.,
parallel in the x-axis, and are also substantially coplanar to each other such that they are

offset from each other in the z-axis by, for example, less than 5% or 10% of coplanar.
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[0091] Figure 4 depicts a top view of the two example transportation segments of 3.
This view of Figure 4 is perpendicular to the transportation planes 310A and 310B of
Figure 3, or along the z-axis, which are depicted in light shading. A first centerline 312A
of the first transportation plane 310A is depicted as a dotted line and has a first end
314A and a second end 316A. A second centerline 312B of the second transportation
plane 310B is also depicted as a dotted line and has a first end 314B and a second end
316B. These transportation segments 304A and 304B are configured such that when the
second end 316A of the first transportation plane 310A is positioned adjacent to, and
within a particular distance from, the first end 314B of the second transportation plane
310B, the carrier may also be moveable between these transportation segments. For
linear centerlines, such as those depicted in Figure 4, the transportation segments may
be positioned within the module so centerlines of the transportation planes adjacent

transportation segments may be collinear with each other, like depicted in Figure 4.

[0092] Other aspects of a transportation segment may be connectable with other
transportation segments. For example, for some transportation segments that require
power or a communications connection to a network, each transportation segment may
have a separate power connection and communications connection that can be directly
connected to an adjacent transportation segment. As described above, this enables
power and communications to be provided directly to a transportation segment from
another module without the use of long continuous cables underneath the
transportation segment to connect with a central connection like with traditional

assembly lines.

[0093] The transportation segment 204 may also be sized and positioned so that it
spans across the module 200 thereby enabling the carrier to be moved at least across
the module 200. Figure 5 depicts a front view of the module of Figure 2 and as can be
seen, the transportation segment 204 spans across the module 200 for a first distance
518 which is greater than the first width 520 of the enclosure 209. In these
embodiments, the first distance 518 of the transportation segment 204 may be

considered the overall width of the module 200.

[0094] The carrier configured to be transported or moved on the transportation

segment is configured to carry biologica