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PIPETTE TIP WASHING DEVICES AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to and benefit of U.S. Patent Application No.
63/018,849, filed on May 1, 2020, the contents of which are incorporated herein by reference in

their entirety.

FIELD OF THE INVENTION

[0002] The present disclosure relates generally to devices and methods for washing a pipette

tip.

BACKGROUND OF THE INVENTION
[0003] Disposable pipette tips have been used by laboratories and manufacturing for
decades. A laboratory may use thousands of pipette tips to aspirate and/or dispense samples and
reagents in its various analytical procedures. If the laboratory is not able or willing to reuse the
pipette tips, the pipette tips are discarded after each use. The use of disposable pipette tips
increases costs and efforts for those laboratories as they are required to continually purchase and
restock pipette tips, and the discarded pipette tips increase the amount of waste generated. As
laboratories strive to increase the number of samples processed and analyzed, the costs and waste
due to disposing of pipette tips can become significant. There are also many applications where
molded plastic disposable pipette tips do not have adequate properties for the application. This
drives the need to use more expensive tips made from metal, ceramic, etc. which are not
disposable. With non-disposable tips comes the need to wash them in between handling of

different samples.
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[0004] Laboratories may use manual methods to wash pipette tips, which may involve
immersing in a wash solution or running water over them. Pipette washing methods must
completely remove contaminants from the pipette tips so that there is no contamination from the
pipette tip when used in a later experiment. Devices that are capable of automated washing of
pipette tips could increase the efficiency of laboratories and reduce waste.

[0005] There is a need for an automated and highly reliable method for washing pipette tips

so they may be reused in laboratory processes without contaminating later experiments.

SUMMARY OF THE INVENTION
[0006] As an aspect of the invention, a pipette wash device is provided. The pipette wash
device comprises a main body comprising a wash chamber; and a mister configured for forming
a mist in the wash chamber from a washing liquid and applying the mist to the exterior of a
pipette tip. In some embodiments, the main body defines a cavity configured for holding the
mister. In some embodiments, the mister comprises a nozzle that mixes liquid and gas to form
the mist. In some embodiments, the mister comprises an ultrasonic device.
[0007] In some embodiments, the main body comprises the wash chamber, a liquid channel,
a gas channel, and a nozzle cavity, wherein the liquid channel and the gas channel are fluidically
connected with the nozzle cavity, and the nozzle cavity has a nozzle cavity exit fluidically
connected with the wash chamber, and the mister comprises a nozzle configured for mixing
liquid and gas at the nozzle exit to form a mist from the liquid and the gas, and the device is
configured for spraying the mist into the wash chamber. In some embodiments, a nozzle
comprises a central nozzle channel and a peripheral nozzle channel for passing fluids to a nozzle

exit, wherein the central nozzle channel is fluidically connected with the liquid channel, and the
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peripheral nozzle channel is fluidically connected with the gas channel, and the nozzle is
positioned in the nozzle cavity so that the nozzle exit is fluidically connected with the wash
chamber. In some embodiments, the nozzle cavity is a plurality of nozzle cavities arranged
around the wash chamber; In some embodiments, the nozzle cavities are arranged at equal
intervals around a perimeter of a wash chamber, and the device comprises two, three, four or
more nozzles. In some embodiments, the nozzle is a plurality of nozzles; the liquid channel is a
plurality of liquid channels, wherein each of the liquid channels fluidically connects one of the
nozzles to a liquid inlet of the main body; and the gas channel is a plurality of gas channels,
wherein each of the gas channels fluidically connects one of the nozzles to a gas inlet of the main
body. In some embodiments, the liquid inlet is a single liquid inlet in the main body, and/or the
gas inlet is a single gas inlet in the main body.

[0008] In some embodiments, the nozzle comprises a nozzle cap and a nozzle restrictor, the
nozzle restrictor comprises the central nozzle channel and the nozzle exit, the nozzle cap defines
a nozzle flow path from the liquid channel of the main body to the central nozzle channel of the
nozzle restrictor, and the nozzle cap comprises an alignment feature reciprocal to an alignment
feature the main body. In some embodiments, the nozzle restrictor comprises a flange
comprising perforations, wherein the nozzle restrictor is positioned so that the perforations are
fluidically connected with the gas channel of the main body. In some embodiments, the nozzle
restrictor comprises an alignment surface reciprocal to an alignment surface of the main body.
[0009] In some embodiments, the pipette wash device comprises a seal material positioned
between the nozzle restrictor and a nozzle cavity wall, and/or a seal material positioned between

the nozzle cap and the nozzle cavity wall.
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[0010] In some embodiments, the pipette wash device comprises a main body which
comprises a plenum fluidically connected to a gas inlet of the main body, and the device further
comprises an air knife between the plenum and the wash chamber. In some embodiments, the air
knife is formed by conical slit positioned at a downward diagonal angle to a wash chamber
entrance, whereby an air knife is produced when gas is provided to the plenum. In some
embodiments, the device further comprises a top cap attached to the main body and positioned to
cover the plenum, and the top cap and the main body define the conical slit. In some
embodiments, the wash chamber has a wash chamber entrance for entry a pipette tip and a wash
chamber exit, and the device further comprises an exhaust tube fluidically connected to the wash
chamber exit. In some embodiments, the exhaust tube undercuts the wash chamber exit.

[0011] As another aspect of the invention, a pipette washing system is provided. The pipette
washing system comprises a pipette washing device as described herein, and a pump or vacuum
fluidically connected to the exhaust tube. In some embodiments, the pipette washing system
further comprises an apparatus such as a pipettor configured for pushing a fluid through an
interior of a pipette tip, and the pipette wash device is configured for washing an exterior of a
pipette tip. In some embodiments, the pipettor or other apparatus comprises valves and passages
for introducing liquid and pressurized air to the interior of the pipette tip.

[0012] As another aspect of the invention, a method of washing a pipette tip is provided.
The method comprises inserting a pipette tip in the wash chamber of a pipette wash device as
described herein; spraying a mist formed from a washing liquid on an exterior surface of the

pipette tip; and removing the washing liquid from the exterior surface.
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[0013] As yet another aspect of the invention, a method of washing a pipette tip attached to
a pipettor is provided. The method comprises providing liquid to an interior of the pipette tip;
and providing a mist to at least a portion of an exterior of the pipette tip. In some embodiments,
the method comprises blowing pressurized air or inert gas on the exterior surface of the pipette
tip, thereby washing and drying the pipette. In some embodiments, the sprayed mist covers
substantially all of the exterior surface of the pipette tip. In some embodiments, the mist is
formed with 1.5 mL or less of a washing liquid per wash, or 0.75 mL or less of a washing liquid
per pass. In some embodiments, the method comprises at least 2 cycles of spraying the mist and
blowing air or inert gas. In some embodiments, the method excludes submersion of the pipette
tip in a wash liquid such as a wash bath. In some embodiments, the mist is formed by a nozzle,
such as a nozzle comprising a central nozzle channel and a peripheral nozzle channel for passing
fluids to a nozzle exit, and the nozzle exit is fluidically connected with the wash chamber. In
some embodiments, the wash chamber is within a main body, and the main body further
comprises a liquid channel, a gas channel, and a nozzle cavity, wherein the liquid channel and
the gas channel are fluidically connected with the nozzle cavity, and the nozzle cavity has a
nozzle cavity exit fluidically connected with the wash chamber. In some embodiments, the
central nozzle channel is fluidically connected with the liquid channel, and the peripheral nozzle
channel is fluidically connected with the gas channel. In some embodiments, the liquid is
deionized water and the gas is air. In some embodiments, the method further comprises washing
the interior of the pipette tip by passing one or more series of liquid slugs separated by gaseous
gaps through the pipette tip. In some embodiments, a gas flow provided to produce the gaseous

gaps comprises different flow rates and/or pressures during the washing step. In some
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embodiments, a first series of liquid slugs comprises a wash buffer, and a second series of liquid
slugs comprises deionized water. In some embodiments, the liquid slugs have a volume from
about 10 pl to about 100 ul, or about 30 pl. In some embodiments, the method further comprises
purging the interior of the pipette tip with pressurized air or inert gas to push substantially all of
the liquid slugs and contaminant, if any, out of the pipette tip.

[0014] As another aspect of the invention, a pipette washing apparatus is provided. The
apparatus comprises a liquid source configured to provide liquid to an interior of a pipette tip;
and a mister configured to provide a mist to at least a portion of an exterior of the pipette tip. In
some embodiments, the liquid source is a pipettor configured to provide liquid to the interior of
the pipette tip when the pipette tip is attached to the pipettor. In some embodiments, the pipettor
is configured to provide liquid in the form of liquid slugs to the interior of the pipette tip. In
some embodiments, the pipettor is configured to provide the liquid slugs at a volume from about
10 pl to about 100 pl, or about 30 ul. In some embodiments, the pipettor is configured to provide
gaseous gaps to the interior of the pipette tip. In some embodiments, the mister comprises a
nozzle that mixes liquid and gas to form the mist. In some embodiments, the apparatus further
comprises an air knife configured to provide a high-velocity directed air stream to an exterior of
the pipette tip.

[0015] These and other features and advantages of the present devices and methods will be

apparent from the following detailed description, in conjunction with the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] FIGs. 1 and 2 show a pipettor with a pipette tip lowered into an exemplary

embodiment of the present washing device.
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[0017] FIGS. 3 and 4 illustrate an exemplary embodiment of a pipettor with features for
pipette tip washing,

[0018] FIG. 5 illustrates an exemplary embodiment of the present washing methods in
which liquid slugs are pushed through a pipette tip.

[0019] FIG. 6 illustrates an exemplary embodiment of the present pipette wash devices.
[0020] FIG. 7 shows a cross section view of an exemplary embodiment of the present
pipette wash devices.

[0021] FIG. 8 illustrates operation of a nozzle in the embodiment of FIG. 7.

[0022] FIGs. 9 and 10 illustrate another feature of an exemplary embodiment of the present
pipette wash devices.

[0023] FIGs. 11A and 11B illustrates another exemplary embodiment of a pipette wash
station.

[0024] FIG. 12 illustrates another exemplary embodiment of the present pipette wash
devices.

[0025] The present teachings are best understood from the following detailed description
when read with the accompanying drawing figures. The features are not necessarily drawn to

scale.

DETAILED DESCRIPTION
[0026] In view of this disclosure, it is noted that the present methods and apparatus can be
implemented in keeping with the present teachings. Further, the various components, materials,
structures and parameters are included by way of illustration and example only and not in any

limiting sense. In view of this disclosure, the present teachings can be implemented in other



WO 2021/222765 PCT/US2021/030200

applications and components, materials, structures and equipment to implement these
applications can be determined, while remaining within the scope of the appended claims.

[0027] One of the significant advantages of some embodiments of the present apparatus and
methods is that the use of a pressurized gas such as compressed air can reduce or minimize
consumption of a washing liquid and the generation of waste in washing a pipette tip. Another
advantage of some embodiments is that the present method of washing a pipette tip can be
performed very quickly, taking less than 30 seconds to thoroughly wash both the inside and the
outside of a pipette tip in some embodiments. In some embodiments, the present methods and
apparatus wash the outside of a pipette tip with one or more nozzles that mix compressed air
with deionized water to create a mist, allowing for greater coverage of the outer surface of the
pipette tip with a lower volume of washing liquid. Some embodiments of the present apparatus
can also include separate features to provide a high-velocity directed air stream (which may be
referred to as an air knife) to scrub and dry the outside of the pipette tip. In some embodiments,
the present methods and apparatus wash the inside of a pipette tip using low flow compressed air
to move small volumes of liquid (referred to as liquid slugs) through the inside of the pipette tip.
High flow compressed air can then be used to eject all liquid and dry the inside of the pipette tip.
[0028] To wash the inside and outside of a pipette tip, some embodiments of the present
methods and apparatus can use two separate devices together. The approach for both devices is
very similar: a washing fluid is applied to the surface. The washing fluid wets, dilutes and/or
begins to wash away residual reagent or sample that has been left on the surface of the pipette
tip. A pressurized gas is then used to remove the mixture of washing fluid and residual sample or

reagent from the surfaces. For example, a gas can be provided at a pressure of about 40 psi and at



WO 2021/222765 PCT/US2021/030200

a flow rate of about 1.5 cubic feet per meter (CFM). In some embodiments, the two devices that
work together to perform pipette tip washing are a pipettor configured for washing the inside of
the tip (in addition to its main purpose of the pipettor is to aspirate and dispense liquids
comprising reagents using the tip); and a pipette wash device configured for washing the outside
of the pipette tip (in some embodiments this may be the primary or only purpose of the device
configured for washing the outside of the pipette tip). In some embodiments, the present
methods and apparatus can use one device that washes the inside and the outside of a pipette tip
which has been removed from the pipettor. For example, a pipette wash device as described
herein can further comprise a conduit, nozzle, or other feature configured to provide a washing
fluid and a pressurized gas to the inside of a pipette tip and conduit, nozzle or other feature
configured to provide a washing fluid to the outside of the pipette tip.

[0029] The present methods and apparatus can also include or be part of methods or systems
for preparing samples for analysis. Such systems can include other devices to perform other
functions, but which also may be unexpectedly beneficial with the present pipette tip washing
apparatus. For example, the pipettor can be attached to a gantry for automated movement
between different locations (e.g., between a sample preparation location and a washing location).
[0030] FIG. 1 shows an exemplary embodiment of the present apparatus comprising a
pipettor 100 with a pipette tip 200 lowered into a wash station 300. FIG. 2 provides a cross
sectional view of the pipette tip 200 lowered into the wash station 300. In some embodiments,
the present apparatus comprises two devices (e.g., a pipettor and a wash station) configured to
work together to wash a pipette tip.

PIPETTOR



WO 2021/222765 PCT/US2021/030200

[0031] The present methods and apparatus can include a pipettor that has a pipette tip. In
some embodiments, the pipette tip is a disposable or reusable pipette tip. Reusable pipette tips
require washing between uses to avoid contamination. It is also contemplated that the present
methods and apparatus may be used with disposable pipette tips, thereby reducing cost and waste
from replacing a pipette tip after a single use.

[0032] Among other functions, in some embodiments, the pipettor is adapted for
transferring fluids by pipetting, including aspirating or dispensing fluids in volumes from 10ul to
500ul. A pipettor can also be adapted for mixing fluids in mixing strips; changing a pipettor tip;
detecting liquid levels; and delivering water or solvent to a slide processing module or mixing
strip for adjusting humidity. Of particular relevance to the present disclosure, the pipettor
comprises one or more features adapted for washing the inside of a pipettor tip. A pipettor may
interface with one or more, or all, of a processing module, a wash station, a pipette tip storage
station, a reagent vial storage, and a gantry.

[0033] A pipette tip can be attached to the pipettor in any suitable way such as by using
clamps, locks, or other mechanisms. In some embodiments, a pipettor and wash station work
together to wash a pipette tip. For instance, the pipettor can perform and house the features for
inside tip washing, and the wash station can perform and house the features for washing the
outside of the pipette tip. In some embodiments, when the pipette tip is to be washed, the
pipettor itself is moved to the pipette wash station and inserts the pipette tip inside.

[0034] In some embodiments, the pipettor washes the inside of a pipette tip by passing one
or more liquid slugs through the pipette tip. The liquid slugs can have a small volume and can

comprise water, solvent, or buffer. To minimize the volume of washing fluids utilized for

10
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washing, the washing fluid can be provided to the inside of the tip in liquid slugs having very
small volumes, and gaseous gaps can be provided between the liquid slugs. The liquid slugs are
typically separated or followed by a gaseous gap. For example, in some embodiments, the liquid
slugs can have a volume from about 5 pl to about 300 ul, or from about 15 ul to about 150 pl. In
some embodiments, the volume of liquid slugs of a wash buffer is from about 15 ul to about 50
ul, or about 30 ul. Low flow rate pressurized air can be used as the gaseous gaps, and they can
move the liquid slugs through the pipette tip while keeping them intact. Exemplary flow rates for
the gaseous gaps include ~0.017CFM (+/- .002CFM). In some embodiments, the gaseous gaps
provide both separation between the liquid slugs and a mechanism to continuously move the
liquid slugs downwards and out the pipette tip. The gaseous gap can be formed inside a pipette
tip by allowing low pressure air to enter between the liquid slugs, creating an air gap. In some
embodiments, the gaseous gaps help to keep the liquid slugs substantially whole, which helps to
scrub the inside surface of the pipette tip. In some embodiments, the pipettor and the wash
station is controlled by a computer which make it possible to run a “short wash” or a “long
wash” depending of the reagent (liquid class) that have been aspirated and dispensed. This will
further minimize the volume of washing fluids. The type of washing routine or method could be
controlled by the liquid classes to optimize the efficiency.

[0035] In some embodiments, the present methods comprise applying a second series of
liquid slugs to the pipette tip, such as deionized water or another wash buffer. For example,
liquid slugs comprising DI water can be passed through after a first series of wash buffer liquid
slugs. In some embodiments, the volume of liquid slugs of water can be from about 45 pul to

about 300 ul, or about 90 pl. The liquid slugs of deionized water rinse the wash buffer from the

11
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inside of the pipette tip, and prevent crystallization of components of the wash buffer inside the
pipette tip. The number of liquid slugs passed through the pipette tip can be selected by a user or
can be part of a predetermined washing protocol. For example, a washing protocol may
comprise a number (X) of liquid slugs of wash buffer to be pumped through the pipette tip, and
the liquid slugs are separated by gaseous gaps. Then a number (Y) of liquid slugs of water are
passed through the pipette tip. In some embodiments, X and Y can be any number, such as a
number from 1 to 10. Each liquid slug of deionized water can be followed by a gaseous gap
(such as low pressure air), which helps to keep the liquid slugs substantially whole. In some
embodiments, a gaseous blast (such as high flow rate air) is then passed through the pipette tip in
order to flush all the washing liquids through the pipette tip and to help dry the pipette tip.

[0036] FIG. 3 illustrates an exemplary embodiment of a pipettor and shows some of the
features for pipette tip washing. The pipettor 100 comprises an aspiration block 102, and a piston
104 which controls movement of fluids in and out of a pipette tip connected to the aspiration
block 102. The piston 104 can be actuated by any suitable mechanism. In FIG. 3, a motor 106
spins a lead screw 108, which moves a stage 112, thereby causing the piston 104 to move up and
down. The piston 104 is moved up to aspirate a fluid into the tip and down to dispense the fluid
out of the tip. The pipettor 100 also comprises a valve pack 110 for controlling which fluids are
provided to the tip. In some embodiments, the pipettor is configured to deliver at least two types
of liquids to the pipette tip for washing its inside surfaces. For example the pipettor can be
configured to deliver one or more washing fluids, such as a wash buffer and deionized (DI)
water. The wash buffer can act as a detergent, to dislodge and wash away any residual of a

previously used reagent. Suitable wash buffers include Dako Wash Buffer. The DI water is then

12
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used to wash away any remains of the wash buffer. Pressurized air or other gas can be used to
move the washing liquid through the inside of the tip and/or to clear and dry the same inside
surfaces. The pressurized gas can be provided at two different flow rates (low & high) to
perform different steps or functions.

[0037] FIG. 4 provides a view of an exemplary embodiments of the aspiration block 102.
One or more washing liquids and one or more pressurized gases can enter the aspiration block
102 from conduits, valves or other routes. In FIG. 4, a valve pack 110 controls delivery of the
washing fluids, pressurized gas, and other fluids (such as reagents, solvents and buffers) to the
aspiration block 102. When washing the pipette, washing fluids are delivered through the
aspiration block 102 to its outlet 114 and then pass through the pipette tip. As described above,
the washing fluid can be provided to the inside of the tip in liquid slugs having very small
volumes, and gaseous gaps can be provided between the liquid slugs. After the liquid slugs have
moved through and exited the pipette tip, the pipettor / aspiration block delivers high flow,
pressurized gas through the inside of the tip for a time sufficient to remove all liquid remaining
in the pipette tip and to dry it. Suitable flow rates for the high flow gas include ~0.113CFM (+/-
.005CFM). The outlet 114 of the aspiration block 102 can be surrounded by a nipple 116 to
facilitate attachment of a pipette tip

[0038] FIG. 5 illustrates an exemplary embodiment of how the present washing methods can
wash the inside of a pipette tip 200. Liquid slugs 202 of a wash buffer are passed through the
pipette tip. In some embodiments, the liquid slugs 202 have a volume of approximately 30 uL.

and are separated by air gaps 204. After a suitable number have passed through, liquid slugs 206
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of deionized water are passed through the pipette tip. The water liquid slugs 206 are also

separated by air gaps 204 and have a volume of approximately 90 pL.

WASH STATION

[0039] In some embodiments, the present apparatus comprises a wash station, a device
configured for washing a pipette tip. FIG. 6 illustrates an exemplary embodiment of a pipette
wash station and some of its components, which include a main body 302, a top cap 304, and one
or more nozzles 306. The main body 302 is configured to receive a liquid and a gas through its
inlets and to direct the liquid and gas to the nozzles 306. In the embodiment illustrated in FIG. 6,
the wash station 300 has a gas inlet fitting 308 and a liquid inlet fitting 310 connected to the
main body's gas inlet and liquid inlet, so that a gas and a liquid can be provided to the nozzles.

In some embodiments, the wash station 300 has a single gas inlet fitting 308 and a single liquid
inlet fitting 310. In other embodiments, the wash station has multiple gas inlets and gas inlet
fittings, such as when separate gas inlets are connected to the nozzles 306 and an air knife slit
354 (described below). The wash station 300 also comprises an exhaust tube 312 fluidically
connected to an exit of the main body 302.

[0040] FIG. 7 shows a cross-sectional view of the exemplary pipette wash station 300 which
is configured for washing the outside surface of a pipette tip. The wash station 300 has a wash
chamber 314 in which a wash mist can be applied to a pipette tip. As part of a pipette washing
protocol, a pipette tip can be inserted into the wash station 300 through a top cap aperture 305. In
the embodiment of FIG. 7, the wash station has two nozzles 306 arranged on either side of a
wash chamber 314. The nozzles 306 are integrated into the main body 302 of the wash station

300, and they are positioned and aligned in nozzle cavities 307 of the main body 302. The
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nozzles 306 are fastened to the main body 302 by a screw 309, though other fastener systems can
be employed. The nozzle cavities have nozzle cavity exits that are fluidically connected with the
wash chamber 314. When a pipette tip is present, the nozzles 306 can be used to spray a wash
mist into the wash chamber 314. The wash mist and material washed off the pipette tip exit the
wash station 300 through exhaust tube 312. In some embodiments, an exhaust tube entrance 313
undercuts a wash chamber exit 315 to avoid buildup of waste material.

[0041] FIG. 8 shows a closer cross-sectional view of an exemplary embodiment of one of
the nozzles 306 of wash station 300. FIG. 8 illustrates a washing liquid passing through a central
nozzle channel 320 while pressurized air is directed through a peripheral nozzle channel 322, and
then the pressurized air passes between a narrow gap formed by the outside of the nozzle nose
324 with a nozzle cavity wall 326. Nozzle 306 passes the washing liquid and the pressurized gas
to a nozzle exit 328 where a mist is formed by the gas shearing the liquid, and the nozzle 306 is
positioned in the nozzle cavity 307 so that the nozzle exit 328 is fluidically connected with the
wash chamber 314 to spray the mist into it. Thus, the nozzle is configured for mixing liquid and
gas at the nozzle exit to form a mist from the liquid and the gas, and the device is configured for
spraying the mist into the wash chamber.

[0042] The washing liquid and pressurized gas are provided to the nozzle 306 by channels
in the main body 302. More particularly, the central nozzle channel 320 is fluidically connected
with a liquid channel 330 in the main body 302, and the peripheral nozzle channel 322 is
fluidically connected with the gas channel 332. In some embodiments, the nozzle 306 comprises
a flange 323 comprising perforations, which provide at least a portion of the peripheral nozzle

channels 322. In the illustrated embodiment, the nozzle 306 is a two-piece nozzle comprising a
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nozzle cap 334 and a nozzle restrictor 336, though it is also contemplated that the nozzle 306 can
be one piece or more than two pieces. The nozzle restrictor 336 defines the central nozzle
channel 320 and the nozzle exit 328, and the nozzle cap 324 defines a nozzle flow path from the
liquid channel 330 of the main body 302 to the central nozzle channel 320 in the nozzle restrictor
336. In some embodiments, the nozzle cap 330 comprises an alignment feature 338 (shown in
FIG. 6) reciprocal to an alignment feature the main body 302, such as a notch reciprocal to a tab.
In some embodiments, the nozzle restrictor comprises an alignment surface reciprocal to an
alignment surface of the main body.

[0043] In order to wash a pipette tip, the nozzles 306 can use DI water or other washing
liquid, along with pressurized air or other gas to create a wash mist. As the washing liquid and
the pressurized gas exit the nozzle 306 at or near the entrance to the wash chamber 314, the
pressurized gas shears the washing liquid, creating a washing mist. A significant advantage of
using a washing mist is that it uses less wash fluid compared to using a stream or bath of
washing liquid. Another advantage is that the spray pattern of the washing mist fans out,
allowing for a larger coverage of washing liquid onto the outside surface of the pipette tip.
[0044] In some embodiments, the nozzle 306 can be made of an inert material, such as
stainless steel, polyether ether ketone (“PEEK”), or other polymeric, ceramic, metallic, and or
composite materials. The nozzle 306 can be positioned in the nozzle cavity 307 so that its
circular flange 323 rests against a wall of nozzle cavity 307. The nozzle restrictor can be
positioned at a depth in the nozzle cavity so that the perforations 322 are fluidically connected

with the gas channel 332 of the main body. In some embodiments, the device 300 can also
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include a seal material 340 positioned between the nozzle restrictor and a nozzle cavity wall,
and/or a seal material 342 positioned between the nozzle cap and the nozzle cavity wall.

[0045] FIGs. 9 and 10 illustrate another feature of an exemplary embodiment of the wash
station 300. In the illustrated embodiment, the wash station is configured for washing the outside
surface of a pipette tip with an air knife produced by operation of the device. The air knife is a
high velocity gas flow that is directed onto the outside of the pipette tip. The air knife can be
produced by geometrical features (such as a slit) in the main body 302, optionally in cooperation
with the top cap 304. In some embodiments, a top cap is attached to the main body and
positioned to enclose an open portion of the main body, and the top cap and the main body
define the conical slit.

[0046] In the exemplary embodiment of FIG. 9, a plenum 350 is formed in the main body
302. The plenum 350 is fluidically connected to a gas inlet 352 of the main body 302.
Pressurized air enters the plenum 350 in the main body 302 and is directed into a conical, narrow
air knife 354 slit (shown more clearly in FIG. 10) between the plenum and the wash chamber 314
whereby an air knife is produced when gas is provided to the plenum. The exemplary
embodiment of FIG. 10 also shows how top cap 304 and main body 302 cooperate to form the
conical slit 354. A seal material 358 prevents gas from escaping the wash station 300. The air
knife slit 354 directs the pressurized air to the outside of the pipette tip. In some embodiments,
the conical air knife slit substantially surrounds the pipette tip, and has an angle of 90 to 180°
from a main axis of an entrance to the wash chamber or a main axis of the pipette tip inserted
into the wash chamber, alternatively 38° from such a main axis. The conical slit 354 can be

positioned at a downward diagonal angle to the wash chamber entrance 356 whereby an air knife
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is produced when gas is provided to the plenum. The air knife can be used to dry the outside
surface of the pipette tip and scrub away any residual contaminants along with washing liquid
deposited on the tip by the nozzles. An advantage of using air or other pressurized gas is that it is
touch-free, so there is no wear on any parts of the wash station or the tip, and there is also no
need to replace or clean air like one would do with a cloth or a sponge using to remove and dry a
surface.

[0047] FIGs. 11A and 11B show a cross-sectional view of another embodiment of a pipette
wash station 300 configured for washing the outside surface of a pipette tip 200 which comprises
a pipette adapter 208 and a pipette tube 210. Wash station 300 comprises a top cap 304a and a
main body 302 comprising a wash chamber 314 in which a wash mist can be applied to the
pipette tube 210 a pipette tip. Wash station 300 also comprises an exhaust tube 312 connected to
a low pressure source such as a vacuum. As part of a pipette washing protocol, a pipette tip can
be inserted into the wash station 300 through a top cap aperture 305a. In the embodiment of FIG.
11A-11B, the wash station also comprises nozzles arranged on either side of a wash chamber, as
illustrated in FIGs. 7 and 8. The nozzles 306 can be used to spray a wash mist into the wash
chamber 314. The wash mist and material washed off the pipette tip exit the wash station 300
through exhaust tube 312.

[0048] In this embodiment, the top cap and main body do not include features to provide a
high-velocity directed air stream (or air knife); rather than driving a positive pressure gas into the
main body 302, a negative pressure is applied through the exhaust tube 312 to remove gas and
liquid. The top cap 304a employs a wash station aperture that receives the pipette tube 210 and

has a small diameter (for example, having a diameter of from about 0.1 mm to about 2 mm
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bigger than the diameter of the pipette tube 210) to accelerate the air or gas being drawn into the
main body 302 by the negative pressure through the exhaust tube 312. This accelerated air or gas
is concentrated in the small area where the diameter is the smallest to push off any remaining
liquid off the outside surface of pipette tube 210, as the pipette tube 210 travels vertically past
this area.
[0049] FIG. 11B is a closer view of the pipette tip 200 inserted into a wash station 300, and
it illustrates that top cap 304a comprises a top cap aperture 305a through which air or other gas is
drawn in. Top cap aperture 305a is configured to receive a pipette tip and accelerate air or gas
drawn over an exterior of said pipette tip.
[0050] In some embodiments, various features of the present methods and apparatus can
work in unison to achieve a pipette tip that is washed on both its inside and outside surfaces in
less than 30 seconds. A pipettor can be automatically moved along one or more axis (X, Y,
and/or Z axis) such as by operation of a pipettor that carries the tip. The gantry and other devices
can be positioned so that the pipettor can be moved horizontally to the wash station, then up and
down to place the pipette tip in and out of the wash station. The pipette tip can be subjected to
two or more washing passes, with each pass taking about 12 seconds, to achieve thorough
washing, without substantial residual contaminants. A step-by-step washing process for one
washing pass is described below (in some embodiments, as soon as the first washing pass is
done, a second washing pass can be performed):

A pipette tip starts to lower into the wash station;

As soon as the pipette tip is inside the wash chamber in the wash station, the nozzles turn on

and spray a wash mist on the outside of the pipette tip;
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At the same time (or before or after), liquid slugs comprising wash buffers are passed through

the inside of the tip (for example, at least 8 liquid slugs for a thorough wash);

The tip continues into the wash station, and as the tip reaches the bottom (such that it is fully

inserted), the nozzles shut off, while the liquid slugs continue to get pushed through the inside

of the pipette tip using low flow rate pressurized air

After the wash buffer liquid slugs are finished, they are followed by liquid slugs comprising

DI water (e.g., at least 4 liquid slugs for a thorough wash), pushed through the pipette tip in

the same manner

When the liquid slugs are finished, the high flow rate air blast is applied to the inside;

At the same time (or before or after), the pipette tip starts to move upwards and the air knife is

applied to the outside;

As the end of the pipette tip gets close to the top of the wash chamber, the high flow rate air

blast is stopped,;

As the pipette tip exits the wash chamber, the air knife is stopped,;

The pipette stops at the top, and it can be moved or reinserted for another washing pass.
[0051] In the exemplary embodiment of FIG. 12, a pipette tip washing system comprises a
wash station 300, a wash arm 360, and a pipette tip storage station 370. Wash station 300
includes a main body 302, a top cap 304, and other components as described above, such as a
mister and a main body comprising a wash chamber, though such components are not visible in
FIG. 12. Wash station 300 is affixed to a wash station housing 380, which may also house other
components of the pipette tip washing system such as tubing, pumps, and motors. A pipette tip

200 is attached to a wash arm 360 which can lower the pipette tip 200 into the wash station 300
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so that it can be washed. In some embodiments, wash arm 360 comprises a liquid source
configured to provide liquid to an interior of a pipette tip, such as by providing a washing liquid
(such as a wash buffer or deionized water) in the form of liquid slugs to the interior of the pipette
tip. The wash arm 360 can also provide is configured to provide gaseous gaps to the interior of
the pipette tip (such as air gaps). The pipette tip 200 can be attached to the wash arm 360 in any
suitable way such as by using clamps, locks, or other mechanisms. In some embodiments, wash
arm 360 has one or more magnets and the pipette tip 200 comprises a magnetically attracted
material, to facilitate attachment.

[0052] In FIG. 12, wash arm 360 includes a wash arm post 362 which is capable of rotation
around its axis, but other ways of enabling the wash arm to move in one, two or three dimensions
are also contemplated, such as by mounting a wash arm on a gantry. Wash arm post 362 and/or
pipette tip storage station post 372 may be configured for rotation, and a motor or other actuator
for rotation can be housed in wash station housing 380. Wash arm 360 is generally configured to
move in X- and Z-directions to transfer a pipette tip 200 between the storage station 370 and the
and wash station 300. Wash arm 360 picks up a dirty pipette tip 200 from pipette tip storage
station 370 and moves it into the wash station 300. The pipette tip 200 can be washed by moist
air and an air-knife, as the wash chamber runs below ambient pressure to keep moist air inside
the wash chamber. Misters provide deionized water and air to create moist air. Liquid waste is
collected at wash chamber exit and pumped away. After the pipette tip 200 has been washed, the
wash arm 360 returns it to the storage station 370 and detaches. The storage station 370 rotates

so that another pipette tip 200a can be picked up for washing.
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[0053] The pipette tip storage station 370 can have storage capacity for any desired number
of pipette tips, for example, 6, 8 or 10 pipette tips. In some embodiments, the storage station 370
holds dedicated pipettes tips, such as pipette tips that are only used for selected reagents or
liquids, for example Clearify, DAB and ethanol. The storage station 370 is configured to move
the stored pipette tips 200a into position for attachment to a pipettor or a wash arm.

[0054] In some embodiments of the present pipette tip washing methods, a short or a long
tip wash is performed, depending on reagent. In some embodiments, a short wash 1s <13s and
applies <2mL of washing liquid. In some embodiments, a long wash is <25s and applies <3mL
of washing liquid.

[0055] It is to be understood that the terminology used herein is for purposes of describing
particular embodiments only and is not intended to be limiting. The defined terms are in
addition to the technical and scientific meanings of the defined terms as commonly understood
and accepted in the technical field of the present teachings.

[0056] In some embodiments of the present apparatus, the main body comprises a channel
(e.g., aliquid channel or a gas channel or bath) having one entrance and N exits, wherein N is the
number of nozzle cavities. The exits are part of the same channel (i.e. connected), and multiple
exits are provided. In some embodiments, the nozzle cavities are located on a constant radius arc
around the wash chamber of the main body.

[0057] Channels can be connected to gas or liquid sources in any suitable way. For gas
channels, fluid-tight sealing may be less important, and suitable connection mechanisms for
connecting the gas conduits to an entrance of the main body include barbed fittings, luer lock

style connectors, push-to-connect fittings, or glue bonding. Gas and liquid fittings can be metal
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or plastic and attached to the inlets of the main body using compression fittings, ferrules, or other
known connectors or by permanent methods such as with an adhesive or welding or brazing if
the materials of the conduits and main body allow for it.

[0058] As explained above, the pipettor can be configured to move between two or more
pipettor positions, where it can engage the washing station in one of the positions. The pipettor
can be changed or switched from one pipettor position to another pipettor position by manual
movement, including linear or translational movement, rotational movement, or combinations
thereof.

[0059] A controller such as a data processing unit, a conventional PC or workstation, can be
connected to one or more of the present devices in order to receive information and/or control
operation. For example, the controller might control operation of the pipettor and receive there
from information regarding the actual working conditions (such as fluid pressure). The controller
might also control operation of the washing liquid and/or gas supply (for instance setting control
parameters such as pressure or vacuum level) and might receive therefrom information regarding
the actual working conditions (such as flow rate, vacuum level, etc.). The controller might
further control operation of the pipette wash device (for instance controlling washing fluid and/or
gas provided to the nozzles).

[0060] In some embodiments, the present devices also comprise a fastener system for
affixing the main body and/or the top cap and/or the nozzles to each other. A fastener system
can provide the force to seal and/or align the nozzles and nozzle cavities on the main body and/or
to seal the top cap to the main body. The fastener system can be one or more fasteners and one

or more holes in the main body and the nozzles configured for receiving a fastener. The holes
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can be clearance holes or threaded holes, such as when the fastener is a bolt, screw, or pin.
When the fastener is a bolt, the clamping system may comprise a nut with threads matching the
bolt. Alternative manners of clamping the nozzle and/or the top cap with the main body are
contemplated. The nozzles can be fastened to the main body by a snap-fit, or friction-fit, or in
any other suitable manner. The fastener system can comprise two, three, four or more aligned
holes, and a corresponding number of fasteners.

[0061] In some embodiments described above, an entrance or exit of a channel, or a flow
path or conduit of the main body, nozzle, aspiration block, or other structure, is surrounded by a
compliant seal material, such as a resilient, essentially fluid impermeable material. In some
embodiments, the compliant seal material is in the form of an O-ring. The compliant seal
material can be any shape suitable for an entrance or exit within the present device. For example,
the compliant seal material may be a toroidal-shaped O-ring, a gasket with a rectangular cross-
section, a metallic gasket, or another shape of compliant seal material. In situations where
multiple seals need to be made on the same surface, the compliant seal material can integrate the
function of multiple O-rings and/or gaskets and have multiple holes. In some embodiments, the
compliant seal material can be a fluoroelastomer material. The compliant seal material can be
various rubbers depending on the fluids used in the devices, e.g. fluoropolymers, buna-n, EPDM
or, in extreme cases, metallic with compliant over-plating. The compliant seal material may also
be coated with a chemically inert coating if the compliant seal material allows for it. In some
embodiments, a sealing surface may be formed of a soft metal such as copper or aluminum, or a

material such as PEEK or nylon, can also be used.
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[0062] A recess or other feature on a main body, a nozzle, an aspiration block or other
structure can align the compliant seal material and help to hold the compliant seal material on the
main body during assembly of the connection device. The recess depth can be specified to
determine how much the compliant seal material will compress to form a fluid-tight seal before
the sealing surface of the main body bottoms out. In some embodiments where the compliant
seal material is in the form of an O-ring, the O-ring should compress by 15% to 25%, or by 20%,
to create a fluid-tight seal. Alternatively, a flat or cylindrical gasket could be used as the resilient
seal instead of an O-ring, and different compression percentages may be selected.

[0063] In some embodiments, the present system can also comprise one or more pumps for
applying a high pressure or vacuum. In some embodiments, a pump is fluidically connected to
an exhaust tube so as to apply a vacuum for removing waste fluids from washing a pipette tip. A
pump may be connected to apply an elevated pressure, such as by supplying air or other gas at a
high pressure. Examples of suitable gas sample pumps include diaphragm pumps and vacuum

pumps.

[0064] The term “channel” generally encompasses any structure configured to define a flow
path for fluid to travel. A channel typically has an entrance and an exit, though in some
embodiments, a channel can have multiple entrances and/or exits, such as where a channel with
two or more entrances converges or joins to one exit, or where a channel with one entrance
diverges or splits to two or more exits. For instance, a channel may be a hole or set of holes in a
body or a block, or it may be a channel formed in a substrate by removing material from a

substrate or by a combination of substrates, such as two or more layers bonded together, or a
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channel may be a conduit inside or outside another component. The geometry of a channel may
vary widely and includes circular, rectangular, square, D-shaped, trapezoidal or other polygonal
cross-sections. A channel may comprise varying geometries (e.g., rectangular cross-section at
one section and trapezoidal cross-section at another section).

[0065] The terms “block” or “body” generally encompasses any structure that comprises
one or more channels, such as by a channel formed in a block or body. In some embodiments, a
block or body comprises multiple channels, whereby separate fluids may flow through the block
or body. In some embodiments, a block or body comprises a manifold in communication with
one or more interior flow paths and/or one or more external flow paths.

[0066] “Positive pressure” is a pressure greater than the surrounding environment, such as
greater than atmospheric pressure. The pressure gradient between positive pressure and the
ambient pressure will propel a fluid away from the positive pressure and toward the low pressure
area. “Reduced pressure” is a pressure less than the surrounding environment or a sub-ambient
pressure. “Suction” is the flow of gas into a partial vacuum or region of reduced pressure. The
pressure gradient between this region and the ambient pressure will cause the matter to move
toward the reduced pressure area. In certain embodiments, a sub-atmospheric pressure is a
reduced pressure.

[0067] In the present disclosure, the terms “substantial” or “substantially” mean to within
acceptable limits or degree to one having ordinary skill in the art. The terms “approximately”
and “about” mean to within an acceptable limit or amount to one having ordinary skill in the art.
The term “about” generally refers to plus or minus 15% of the indicated number. For example,

“about 10” may indicate a range of 8.5 to 11.5. For example, “approximately the same” means

26



WO 2021/222765 PCT/US2021/030200

that one of ordinary skill in the art considers the items being compared to be the same. When a
ranges of values is set forth in the present disclosure, it should be understood that each
intervening value, to the tenth of the unit of the lower limit, unless the context clearly dictates
otherwise, between the upper and lower limits of that range is also specifically disclosed. Where
the stated range includes one or both of the limits, ranges excluding either or both of those
included limits are also included in the invention

[0068] As used in the specification and appended claims, the terms “a,” “an,” and “the”
include both singular and plural referents, unless the context clearly dictates otherwise. Thus, for
example, “a conduit” includes one conduit and plural conduits. Unless otherwise indicated, the
terms “first”, “second”, “third”, and other ordinal numbers are used herein to distinguish
different elements of the present devices and methods, and are not intended to supply a
numerical limit. Reference to first and second pipettor positions should not be interpreted to
mean that the apparatus only has two pipettor positions. A device having first and second
element can also include a third, a fourth, a fifth, and so on, unless otherwise indicated.

[0069] Although any methods and materials similar or equivalent to those described herein
can also be used in the practice or testing of the present teachings, some exemplary methods and

materials are now described. All patents and publications referred to herein are expressly

incorporated by reference.
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EXEMPLARY EMBODIMENTS
[0085] Exemplary embodiments provided in accordance with the presently disclosed subject
matter include, but are not limited to, the following:
[0086] Embodiment 1. a pipette wash device comprising a main body comprising a wash
chamber; and a mister configured for forming a mist in the wash chamber from a washing liquid
and applying the mist to the exterior of a pipette tip. In some embodiments, the main body
defines a cavity configured for holding the mister.
[0087] Embodiment 2. The device of embodiment 1, wherein the mister comprises a nozzle

that mixes liquid and gas to form the mist.
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[0088] Embodiment 3. The device of embodiment 1 or 2, wherein the main body comprises
the wash chamber, a liquid channel, a gas channel, and a nozzle cavity, wherein the liquid
channel and the gas channel are fluidically connected with the nozzle cavity, and the nozzle
cavity has a nozzle cavity exit fluidically connected with the wash chamber; and the mister
comprises a nozzle is configured for mixing liquid and gas at the nozzle exit to form a mist from
the liquid and the gas, and the device is configured for spraying the mist into the wash chamber.
A nozzle comprising a central nozzle channel and a peripheral nozzle channel for passing fluids
to a nozzle exit, wherein the central nozzle channel is fluidically connected with the liquid
channel, and the peripheral nozzle channel is fluidically connected with the gas channel, and the
nozzle is positioned in the nozzle cavity so that the nozzle exit is fluidically connected with the
wash chamber.

[0089] Embodiment 4. The device of embodiment 3, wherein the nozzle cavity is a plurality
of nozzle cavities arranged around the wash chamber; the nozzle is a plurality of nozzles; the
liquid channel is a plurality of liquid channels, wherein each of the liquid channels fluidically
connects one of the nozzles to a liquid inlet of the main body; and the gas channel is a plurality
of gas channels, wherein each of the gas channels fluidically connects one of the nozzles to a gas
inlet of the main body.

[0090] Embodiment 5. The device of embodiment 4, wherein the liquid inlet is a single
liquid inlet in the main body, and/or the gas inlet is a single gas inlet in the main body.

[0091] Embodiment 6. The device of any of embodiments 1 to 5, wherein the nozzle
comprises a nozzle cap and a nozzle restrictor, and the nozzle restrictor comprises the central

nozzle channel and the nozzle exit, the nozzle cap defines a nozzle flow path from the liquid
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channel of the main body to the central nozzle channel of the nozzle restrictor, and the nozzle
cap comprises an alignment feature reciprocal to an alignment feature the main body. In some
embodiments, the nozzle restrictor comprises a flange comprising perforations, wherein the
nozzle restrictor is positioned so that the perforations are fluidically connected with the gas
channel of the main body. In some embodiments, the nozzle restrictor comprises an alignment
surface reciprocal to an alignment surface of the main body.

[0092] Embodiment 7. The device of embodiment 6, further comprising a seal material
positioned between the nozzle restrictor and a nozzle cavity wall, and/or a seal material
positioned between the nozzle cap and the nozzle cavity wall.

[0093] Embodiment 8. The device of any of embodiments 1 to 7, wherein the mister
comprises an ultrasonic device.

[0094] Embodiment 9. The device of any of embodiments 1 to 8, the main body further
comprises a plenum fluidically connected to a gas inlet of the main body, and the device further
comprises an air knife between the plenum and the wash chamber.

[0095] Embodiment 10. The device of embodiment 9, wherein air knife is formed by a
conical slit positioned at a downward diagonal angle to a wash chamber entrance, whereby an air
knife is produced when gas is provided to the plenum.

[0096] Embodiment 11. The device of embodiment 10, further comprising a top cap
attached to the main body and positioned to cover the plenum, and the top cap and the main body

define the conical slit.
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[0097] Embodiment 12. The device of embodiment 10, further comprising a top cap
attached to the main body and having a top cap aperture configured to accelerate air or gas being
drawn into the main body.

[0098] Embodiment 13. The device of any of embodiments 1 to 12, wherein the wash
chamber has a wash chamber entrance for entry a pipette tip and a wash chamber exit, and the
device further comprises an exhaust tube fluidically connected to the wash chamber exit.

[0099] Embodiment 14. The device of embodiment 13, wherein the exhaust tube undercuts
the wash chamber exit.

[00100] Embodiment 15. A pipette tip washing system comprising the device of any of
embodiments 1 to 14; and a pump or vacuum fluidically connected to the exhaust tube.

[00101] Embodiment 16. A pipette tip washing system comprising the device of any of
embodiments 1 to 15; and a pump or vacuum fluidically connected to the mister.

[00102] Embodiment 17. A pipette tip washing system comprising the device of any of
claims 9 to 12; and a pump or vacuum fluidically connected to the mister.

[00103] Embodiment 18. The system of embodiment 15, further comprising an apparatus
such as a pipettor configured for pushing a fluid through an interior of a pipette tip, and the
pipette wash device is configured for washing an exterior of a pipette tip. In some embodiments,
the pipettor or other apparatus comprises valves and passages for introducing liquid and
pressurized air to the interior of the pipette tip.

[00104] Embodiment 19. A method of washing a pipette tip comprising: inserting a pipette

tip in the wash chamber of a pipette wash device according to any of embodiments 1 to 14;
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spraying a mist formed from a washing liquid on an exterior surface of the pipette tip; and
removing the washing liquid from the exterior surface.

[00105] Embodiment 20. A method of washing a pipette tip comprising providing liquid to
an interior of said pipette tip; and providing a mist to at least a portion of an exterior of said
pipette tip.

[00106] Embodiment 21. The method of embodiment 20, comprising blowing pressurized air
or inert gas on the exterior surface of the pipette tip, thereby washing and drying the pipette.
[00107] Embodiment 22. The method of embodiment 20 or 21, wherein the sprayed mist
covers substantially all of the exterior surface of the pipette tip.

[00108] Embodiment 23. The method of any of embodiments 20 to 22, wherein the mist is
formed with 1.5 pul or less of a washing liquid per wash, or 0.75 pl or less of a washing liquid per
pass.

[00109] Embodiment 24. The method of any of embodiments 20 to 23, wherein the method
comprises at least 2 cycles of spraying the mist and blowing air or inert gas.

[00110] Embodiment 25. The method of any of embodiments 20 to 24, wherein the method
excludes submersion of the pipette tip in a wash liquid such as a wash bath.

[00111] Embodiment 26. The method of any of embodiments 20 to 25, wherein the mist is
formed by a nozzle. In some embodiments, the nozzle comprises a central nozzle channel and a
peripheral nozzle channel for passing fluids to a nozzle exit, and the nozzle exit is fluidically
connected with the wash chamber.

[00112] Embodiment 27. The method of embodiment 26, wherein the wash chamber is

within a main body, and the main body further comprises a liquid channel, a gas channel, and a
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nozzle cavity, wherein the liquid channel and the gas channel are fluidically connected with the
nozzle cavity, and the nozzle cavity has a nozzle cavity exit fluidically connected with the wash
chamber. In some embodiments, the central nozzle channel is fluidically connected with the
liquid channel, and the peripheral nozzle channel is fluidically connected with the gas channel.
[00113] Embodiment 28. The method of any of embodiments 20 to 27, wherein the liquid is
deionized water and the gas is air.

[00114] Embodiment 29. The method of any of embodiments 20 to 28, further comprising
washing the interior of the pipette tip by passing one or more series of liquid slugs separated by
gaseous gaps through the pipette tip.

[00115] Embodiment 30. The method of embodiment 29, wherein gas flow to produce the
gaseous gaps comprises different flow rates and/or pressures during the washing step.

[00116] Embodiment 31. The method of embodiment 29 or 30, wherein a first series of liquid
slugs comprises a wash buffer, and a second series of liquid slugs comprises deionized water.
[00117] Embodiment 32. The method of any of embodiments 29 to 31, wherein the liquid
slugs have a volume from about 10 pl to about 100 pl, or about 30 pl.

[00118] Embodiment 33. The method of any of embodiments 29 to 32, further comprising
purging the interior of the pipette tip with pressurized air or inert gas to push substantially all of
the liquid slugs and contaminant, if any, out of the pipette tip.

[00119] Embodiment 34. The method of any of embodiments 20 to 33, wherein the liquid is
provided to the interior of said pipette tip by a pipettor.

[00120] Embodiment 35. The method of any of claims 20 to 33, wherein the liquid is

provided to the interior of said pipette tip by a wash arm.
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[00121] Embodiment 36. A pipette tip washing apparatus comprising a liquid source
configured to provide liquid to an interior of a pipette tip; and a mister configured to provide a
mist to at least a portion of an exterior of said pipette tip.

[00122] Embodiment 37. The pipette tip washing apparatus of embodiment 36, wherein the
liquid source is a pipettor configured to provide liquid to the interior of the pipette tip when the
pipette tip is attached to the pipettor.

[00123] Embodiment 38. The pipette tip washing apparatus of claim 36, wherein the liquid
source is a wash arm configured to provide liquid to the interior of the pipette tip when the
pipette tip is attached to the wash arm.

[00124] Embodiment 39. The pipette tip washing apparatus of claim 37 or 38, wherein said
pipettor or said wash arm is configured to provide liquid in the form of liquid slugs to the interior
of said pipette tip.

[00125] Embodiment 40. The pipette tip washing apparatus of embodiment 37 or 38, wherein
said pipettor or said wash arm is configured to provide the liquid slugs at a volume from about
10 pl to about 100 pl, or about 30 ul.

[00126] Embodiment 41. The pipette tip washing apparatus of any of embodiments 37 or 38,
wherein said pipettor or said wash arm is configured to provide gaseous gaps to the interior of
said pipette tip.

[00127] Embodiment 42. The pipette tip washing apparatus of any of embodiments 36 to 41,

wherein the mister comprises a nozzle that mixes liquid and gas to form the mist.

34



WO 2021/222765 PCT/US2021/030200

[00128] Embodiment 43. The pipette tip washing apparatus of any of embodiments 36 to 42,
further comprises an air knife configured to provide a high-velocity directed air stream to an
exterior of said pipette tip.

[00129] Embodiment 44. The pipette tip washing apparatus of any of claims 36 to 43, further
comprising a wash station aperture configured to receive a pipette tip and accelerate air or gas
drawn over an exterior of said pipette tip.

[00130]  The foregoing description of exemplary or preferred embodiments should be taken as
illustrating, rather than as limiting the present invention as defined by the embodiments. As will
be readily appreciated, numerous variations and combinations of the features set forth above can
be utilized without departing from the present invention as set forth in the embodiments. Such
variations are not regarded as a departure from the scope of the invention, and all such variations
are intended to be included within the scope of the following embodiments. All references cited

herein are incorporated by reference in their entireties.
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CLAIMS
We claim:
1. A pipette wash device comprising:
a main body comprising a wash chamber; and
a mister configured for forming a mist in the wash chamber from a washing liquid and

applying the mist to the exterior of a pipette tip.

2. The device of claim 1, wherein the mister comprises a nozzle that mixes liquid and

gas to form the mist.

3. The device of claim 1 or 2, wherein:

the main body comprises the wash chamber, a liquid channel, a gas channel, and a nozzle
cavity, wherein the liquid channel and the gas channel are fluidically connected with the nozzle
cavity, and the nozzle cavity has a nozzle cavity exit fluidically connected with the wash chamber;
and

the mister comprises a nozzle configured for mixing liquid and gas at the nozzle exit to
form a mist from the liquid and the gas, and the device is configured for spraying the mist into the

wash chamber.

4. The device of claim 3, wherein the nozzle cavity is a plurality of nozzle cavities

arranged around the wash chamber;

the nozzle is a plurality of nozzles;
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the liquid channel is a plurality of liquid channels, wherein each of the liquid channels
fluidically connects one of the nozzles to a liquid inlet of the main body; and
the gas channel is a plurality of gas channels, wherein each of the gas channels fluidically

connects one of the nozzles to a gas inlet of the main body.

5. The device of claim 4, wherein the liquid inlet is a single liquid inlet in the main

body, and/or the gas inlet is a single gas inlet in the main body.

6. The device of any of claims 1 to 5, wherein the nozzle comprises a nozzle cap and
a nozzle restrictor, and

the nozzle restrictor comprises the central nozzle channel and the nozzle exit,

the nozzle cap defines a nozzle flow path from the liquid channel of the main body to the
central nozzle channel of the nozzle restrictor, and the nozzle cap comprises an alignment feature

reciprocal to an alignment feature the main body.

7. The device of claim 6, further comprising a seal material positioned between the

nozzle restrictor and a nozzle cavity wall, and/or a seal material positioned between the nozzle cap

and the nozzle cavity wall.

8. The device of any of claims 1 to 7, wherein the mister comprises an ultrasonic

device.
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0. The device of any of claims 1 to 8, the main body further comprises a plenum
fluidically connected to a gas inlet of the main body, and

the device further comprises an air knife between the plenum and the wash chamber.

10. The device of claim 9, wherein the air knife is formed by conical slit positioned at
a downward diagonal angle to a wash chamber entrance, whereby an air knife is produced when

gas 1s provided to the plenum.

11. The device of claim 10, further comprising a top cap attached to the main body and

positioned to cover the plenum, and the top cap and the main body define the conical slit.

12. The device of claim 10, further comprising a top cap attached to the main body and

having a top cap aperture configured to accelerate air or gas being drawn into the main body.

13.  The device of any of claims 1 to 11, wherein the wash chamber has a wash chamber
entrance for entry a pipette tip and a wash chamber exit, and
the device further comprises an exhaust tube fluidically connected to the wash chamber

exit.

14. The device of claim 13, wherein the exhaust tube undercuts the wash chamber exit.

15. A pipette tip washing system comprising the device of any of claims 13 to 14; and

a pump or vacuum fluidically connected to the exhaust tube.
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16.  The system of claim 15, further comprising an apparatus configured for pushing a
fluid through an interior of a pipette tip, and the pipette wash device is configured for washing an

exterior of a pipette tip.

17. A pipette tip washing system comprising the device of any of claims 1 to 13; and a

pump or vacuum fluidically connected to the mister.

18. A pipette tip washing system comprising the device of any of claims 9to 11; and a

pump or vacuum fluidically connected to the mister.

19. A method of washing a pipette tip comprising:

inserting a pipette tip in the wash chamber of a pipette wash device according to any of
claims 1 to 14;

spraying a mist formed from a washing liquid on an exterior surface of the pipette tip; and

removing the washing liquid from the exterior surface.

20. A method of washing a pipette tip comprising:

providing liquid to an interior of said pipette tip; and

providing a mist to at least a portion of an exterior of said pipette tip.

21. The method of claim 20, comprising blowing pressurized air or inert gas on the

exterior surface of the pipette tip, thereby washing and drying the pipette.
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22. The method of claim 20 or 21, wherein the sprayed mist covers substantially all of

the exterior surface of the pipette tip.

23. The method of any of claims 20 to 22, wherein the mist is formed with 1.5 mL or

less of a washing liquid per wash, or 0.75 mL or less of a washing liquid per pass.

24.  The method of any of claims 20 to 23, wherein the method comprises at least 2

cycles of spraying the mist and blowing air or inert gas.

25.  The method of any of claims 20 to 24, wherein the method excludes submersion of

the pipette tip in a wash liquid.

26.  The method of any of claims 20 to 25, wherein the mist is formed by a nozzle.

27. The method of claim 26, wherein the wash chamber is within a main body, and the
main body further comprises a liquid channel, a gas channel, and a nozzle cavity, wherein the
liquid channel and the gas channel are fluidically connected with the nozzle cavity, and the nozzle

cavity has a nozzle cavity exit fluidically connected with the wash chamber.

28.  The method of any of claims 20 to 27, wherein the liquid is deionized water and

the gas is air.

40



WO 2021/222765 PCT/US2021/030200

29. The method of any of claims 20 to 28, further comprising washing the interior of
the pipette tip by passing one or more series of liquid slugs separated by gaseous gaps through the

pipette tip.

30. The method of claim 29, wherein gas flow to produce the gaseous gaps comprises

different flow rates and/or pressures during the washing step.

31 The method of claim 29 or 30, wherein a first series of liquid slugs comprises a

wash buffer, and a second series of liquid slugs comprises deionized water.

32. The method of any of claims 29 to 31, wherein the liquid slugs have a volume from

about 10 pl to about 100 ul.

33. The method of any of claims 29 to 32, further comprising purging the interior of
the pipette tip with pressurized air or inert gas to push substantially all of the liquid slugs and

contaminant, if any, out of the pipette tip.

34. The method of any of claims 20 to 33, wherein the liquid is provided to the interior

of said pipette tip by a pipettor.

35. The method of any of claims 20 to 33, wherein the liquid is provided to the interior

of said pipette tip by a wash arm.
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36. A pipette tip washing apparatus comprising:
a liquid source configured to provide liquid to an interior of a pipette tip; and

a mister configured to provide a mist to at least a portion of an exterior of said pipette tip.

37.  The pipette tip washing apparatus of claim 36, wherein the liquid source is a
pipettor configured to provide liquid to the interior of the pipette tip when the pipette tip is attached

to the pipettor.

38.  The pipette tip washing apparatus of claim 36, wherein the liquid source is a wash
arm configured to provide liquid to the interior of the pipette tip when the pipette tip is attached to

the wash arm.

39.  The pipette tip washing apparatus of claim 37 or 38, wherein said pipettor or said

wash arm is configured to provide liquid in the form of liquid slugs to the interior of said pipette

tip.

40.  The pipette tip washing apparatus of claim [00123], wherein said pipettor or said

wash arm is configured to provide the liquid slugs at a volume from about 10 pl to about 100 pl.

41.  The pipette tip washing apparatus of any of claims 37 to 39, wherein said pipettor

or said wash arm is configured to provide gaseous gaps to the interior of said pipette tip.
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42.  The pipette tip washing apparatus of any of claims 36 to 41, wherein the mister

comprises a nozzle that mixes liquid and gas to form the mist.

43, The pipette tip washing apparatus of any of claims 36 to 42, further comprising an

air knife configured to provide a high-velocity directed air stream to an exterior of said pipette tip.

44, The pipette tip washing apparatus of any of claims 36 to 42, further comprising a
wash station aperture configured to receive a pipette tip and accelerate air or gas drawn over an

exterior of said pipette tip.
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