HIGH AND LOW VOLUME PRECISION PIPETTOR
CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Appl. Ser.
No. 62/726,063, filed August 31, 2018, which is incorporated by reference as if
fully set forth herein.

BACKGROUND

[0002] The typical approach to having both high volume pipetting
capability and low volume capability with precision and accuracy is to have two
or more separate pipettor devices that are used interchangeably. This increases the
cost and complexity of the pipetting system, and users have to choose between
high volume and low volume pipetting. Users cannot pipette the other volume
range without swapping out pipettor devices. Swapping out pipettor devices is

more complex, requires more components, and is more time consuming.

[0003] Embodiments of the invention address these and other challenges,

individually and collectively.
BRIEF SUMMARY

[0004] Embodiments of the invention are directed to devices and methods
for pipetting liquids in high and low volume modes. In embodiments of the
invention, a single pipettor device allows for high volumes of liquids to be
transferred, yet provide for the ability to also transfer low volumes of liquids with
high precision and accuracy without the need for two or more separate pipettor

devices.

[0005] One embodiment of the invention is directed to a device for
transferring liquid comprising: a piston (104); and a barrel (102) including a
barrel body (102A), and a tip (122) formed in the barrel body (102A), wherein the

barrel (102) comprises a larger diameter



segment (102A) and a smaller diameter segment (102B), and is configured to
engage a first pipette tip (130) sized to fit over the larger diameter segment (102A),
and wherein the barrel (102) is further configured to engage a second pipette tip
(132) sized to fit over the smaller diameter segment (102B) of the barrel (102)
wherein the piston includes a stepped profile, a drive rod portion and a free end
portion extending from the drive rod portion, the free end portion having a
different diameter than the drive rod portion, wherein the barrel includes a stepped
bore defined by the barrel body, the stepped bore having an axial hole and a
coaxial counterbore, the axial hole passing through the tip, and wherein the device
further comprises: a first seal element between and engaging the barrel and the
free end portion; and a second seal element between and engaging the barrel and
the drive rod portion; and wherein the piston is disposed within the barrel such
that at most one of the first seal element and the second seal element engages
between the barrel and the piston. In some embodiments, the piston (104) may
include a stepped profile, a drive rod portion (104B) and a free end portion (104C)
extending from the drive rod portion (104B), the free end portion (104C) having
a different diameter than the drive rod portion (104B), wherein the barrel (102)
includes a stepped bore (108) defined by the barrel body (102A), the stepped bore
(108) having an axial hole (108 A) and a coaxial counterbore (108B), the axial hole
(108A) passing through the tip (122), and wherein the device may further include
a first seal element (112) between and engaging the barrel (102) and the free end
portion (104C); and wherein the device may further include a second seal element
(114) between and engaging the barrel (102) and the drive rod portion (104B). In
some embodiments, a length of the free end portion may be greater than a length
of the axial hole (108A). In some embodiments, the stepped bore (108) may
further include a bore portion (108C), wherein a diameter of the bore portion
(108C) is smaller than a diameter of the counterbore (108B) and is larger than
a diameter of the axial hole (108A), and wherein the first seal element (112) is
fixed within the bore portion (108C). In some embodiments, the smaller
diameter segment (102B) may coincide with the tip (122), and the larger
diameter segment (102A) may extend from the smaller diameter segment
(102B), and the counterbore (108B) may be disposed within the larger diameter

segment (102A). In some embodiments, the device may further include a



shuck plate (142) disposed about the barrel (102) and configured to move
axially with respect to the barrel (102). In some embodiments, the second
pipette tip (132) may have a body (132A) forming a lumen (132B), and a
barrier (140) spanning the lumen (132B), the second pipette tip (132) engaging
the barrel (102), and wherein, when the second pipette tip (132) is engaged to
the barrel (102), an end of the free end portion (104C) can contact the barrier
(140). In some embodiments, the device may further include a shuck plate
(142), wherein when the second pipette tip (132) is engaged to the barrel (102),
the shuck plate (142) contacts
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the second pipette tip (132). In some embodiments, the piston 104 may
further include an engagement portion (104A) extending from the drive rod
portion (104B). In some embodiments, the device may further include an
actuator coupled to the piston (104) for moving the piston up and down. The
device may further include a gripper having at least two gripper fingers (702,
704), wherein the actuator is further coupled to the gripper for moving the at
least two gripper fingers (702, 704). In some embodiments, the piston (104)
may be disposed within the barrel (102) such that at most one of the first seal
element (112) and the second seal element (114) engages between the barrel
(102) and the piston (104). In some embodiments, the second pipette tip (132)
may include a filter barrier (140) that can be pushed by the piston (104) to
separate the second pipette tip (132) from the barrel (102).

{0006} Another embodiment of the invention is directed to a method of
using a device for transferring a liquid comprising (a) a piston (104), and (b) a
barrel (102) including a barrel body (102A), and a tip (122) formed in the barrel
body (102A), the barrel (102) including a larger diameter segment (102A) and a
smaller diameter segment (102B), wherein the barrel (102) is configured to
engage a first pipette tip (130) sized to fit over the larger diameter segment
{(102A), and wherein the barrel (102) is further configured to engage a second
pipette tip (132) sized to fit over the smaller diameter segment (102B) of the
barrel (102), the method comprising: in a first high volume pipetting mode,
aspirating a first liquid by withdrawing the piston (104) from the barrel (102),
and dispensing the first liquid using the first pipette tip (130); and in a second
low volume pipetting mode, aspirating, a second liquid by withdrawing the
piston (104) from the barrel (102), and dispensing the second liquid using the
second pipette tip (132). In some embodiments, the piston (104) may include a
stepped profile, a drive rod portion (104B) and a free end portion (104C)
extending from the drive rod portion (104B), the free end portion (104C) having
a different diameter than the drive rod portion (104B), the barrel (102) including
a stepped bore (108) defined by the barrel body (102A), the stepped bore (108)
having an axial hole (108A) and a coaxial counterbore (108B), the axial hole
(108A) passing through the tip (122), a first seal element (112) between and

engaging the barrel (102) and the free end portion (104C), and a second seal
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element (114) between and engaging the barrel (102) and the drive rod portion
(104B), and wherein in the first high volume pipetting mode, the first liquid is
aspirated by withdrawing the piston (104) from the barrel (102) such that the
free end portion (104C) is above and moves away from the axial hole (108A),
and the first liquid is dispensed by dispensing the first liquid by inserting the
piston (104) into the barrel (102) such that the free end portion (104C) moves
toward the axial hole (108A); and wherein in a second low volume pipetting
mode, the second liquid aspirated by withdrawing the piston (104} from the
barrel (102) such that the free end portion (104C) remains in the axial hole
(108A), and the second liquid is dispensed by inserting the piston {(104) intc the
barrel (102) such that the free end portion (104C) remains in the axial hole
(108A). In some embodiments, the device may further include a shuck plate
(142) disposed about the barrel and configured to move axially with respect to
the barrel (102). In some embodiments, the method may further include
removing the first pipette tip (130) from the barrel (102) using a shuck plate
(142). In some embodiments, the method may further include removing the
second pipette tip (132) from the barrel (102) using the shuck plate (142). In
some embodiments, a length of the free end portion (104B) is greater than a
length of the axial hole (108A). In some embodiments of the method, the
stepped bore (108) may further include a bore portion (108C), wherein a
diameter of the bore portion {108C) is smaller than a diameter of the counterbore
(108B) and is larger than a diameter of the axial hole (108A), and wherein the
first seal element (112) is fixed within the bore portion (108C). In some
embodiments, the piston (104) further comprises an engagement portion (104A)
extending from the drive rod portion (104B). In some embodiments, the method
may further comprise using an actuator to withdraw and insert the piston (104)

in the high and low volume pipetting modes.

[06007] Another embodiment of the invention is directed to a device for
transferring liquid comprising: a piston (104); and a barrel (102) including a
barrel body (102A), and a tip (122) formed in the barrel body (102A), wherein
the barrel (102) is configured to engage a pipette tip (132) comprising a structure
that can be pushed by the piston to separate the pipette tip (132) from the barrel
(102). In some embodiments, the device may be a pipetting device. In some

embodiments, the structure may be a filter barrier (140). In some embodiments,
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the device, the pipette tip (132) is a second pipette tip and wherein the barrel
(102) may be further configured to engage a first pipette tip (130), the first
pipette tip having a different diameter than the second pipette tip (132). In some
embodiments, the device may further include a shuck plate (142) configured to
separate the first pipette tip (130) from the barrel (102). In some embodiments,

the device may include the pipette tip.

{0008] Another embodiment of the invention is directed to a method for
using a device comprising: a piston (104); and a barrel (102) including a barrel
body (102A), and a tip (122) formed in the barrel body (102A), wherein the
barrel (102) is configured to engage a pipette tip (132) comprising a structure
that can be pushed by the piston to separate the pipette tip (132) from the barrel
(102), the method comprising: aspirating a liquid into the barrel (102) while the
pipette tip (132} is on the barrel (102); dispensing the liquid via the pipette tip
(132); and separating the pipette tip (132) from the barrel (102) by pushing the
structure with the piston (104). In some embodiments, the structure may be a
filter barrier. In some embodiments, the pipette tip (132) is a second pipette tip
and wherein the barrel (102) may be configured to engage a first pipette tip
(130), the first pipette tip having a different diameter than the second pipette tip
(132). In some embodiments, the method includes: attaching the first pipette tip
(130) to the barrel (102); aspirating a second liquid into the barrel (102) using
the first pipette tip (130); dispensing the second liquid from the barrel (102) via
the first pipette tip (130); and separating the first pipette tip (130) from the barrel
(102).

[0009] Another embodiment of the invention is directed to a device for
transferring a liquid comprising: a piston (104) including a stepped profile, a
drive rod portion (104B) and a free end portion (104C) extending from the drive
rod portion (104B), the free end portion (104C) having a smaller diameter than
the drive rod portion (104B); a barrel (102) including a barrel body (102A), a
stepped bore (108) defined by the barrel body (102A), and a tip (122) formed in
the barrel body (102A), the stepped bore (108) having an axial hole (108A) and
a coaxial counterbore (108B), the axial hole {(108A) passing through the tip
(122); a first seal element (112) between and engaging the barrel (102) and the

free end portion (104C); and a second seal element (114) between and engaging
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the barrel (102) and the drive rod portion (104B). In some embodiments, a
length of the free end portion may be greater than a length of the axial hole
(108A). In some embodiments the stepped bore (108) may further include a
bore portion (108C), wherein a diameter of the bore portion (108C) is smaller
than a diameter of the counterbore (108B) and is larger than a diameter of the
axial hole (108A), and wherein the first seal element (112) is fixed within the
bore portion (108C). In some embodiments, the barrel (102) may further include
a stepped exterior profile having a smaller diameter segment (102B) coinciding
with the tip (122), and a larger diameter segment (102A) extending from the
smaller diameter segment {102B), the counterbore (108B) disposed within the
larger diameter segment (102A). In some embodiments, the device may further
include a shuck plate (142) disposed about the barrel and configured to move
axially with respect to the barrel (102). In some embodiments, the barrel (102)
may be configured to engage a second pipette tip (132), the second pipette tip
(132) having a body (132A) forming a lumen (132B), and a barrier (140)
spanning the lumen (132B), the second pipette tip (132) engaging the barrel
(102), and the device configured to project the free end portion (104C) beyond
the tip (122) of the barrel (102), and wherein, when the second pipette tip (132)
is engaged to the barrel (102), an end of the free end portion (104B) contacts the
barrier (140). In some embodiments, the barrel may be further configured to
engage a second pipette tip (132} sized to fit over the smaller diameter segment
(102B) of the barrel (102). In some embodiments, the device may further
include a shuck plate (122), wherein the shuck plate (122) contacts the second
pipette tip (132). In some embodiments, the piston 104 may further include an
engagement portion (104A) extending from the drive rod portion (104B). In
some embodiments, the device may further include an actuator coupled to the
piston (104) capable of moving the piston up and down. In some embodiments,

the piston (104) may be disposed within the barrel (102) such that at most one of
the first seal element (112) and the second seal element (114) engages between

the barrel (102) and the piston (104).

[0010] Another embodiment of the invention is directed to a method of
using a device for transferring a liquid. The device comprises (a) a piston (104)
including a stepped profile, a drive rod portion (104B) and a free end portion

(104C) extending from the drive rod portion (104B), the free end portion (104C)
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having a smaller diameter than the drive rod portion (104B), (b) a barrel (102)
including a barrel body (102A), a stepped bore (108) defined by the barrel body
(102A), and a tip (122) formed in the barrel body (102A), the stepped bore (108)
having an axial hole (108A) and a coaxial counterbore (108B), the axial hole
(108A) passing through the tip (122), (¢) a first seal element (112) between and
engaging the barrel (102) and the free end portion (104C), and (d) a second seal
element (114) between and engaging the barrel (102) and the drive rod portion
(104B). The method comprises: in a first high volume pipetting mode,
aspirating a first liquid by withdrawing the piston (104) from the barrel (102)
such that the free end portion (104C) is above and moves away from the axial
hole (108A), and dispensing the first liquid by inserting the piston (104) into the
barrel (102) such that the free end portion (104C) moves toward the axial hole
(108A); and in a second low volume pipetting mode, aspirating, a second liquid
by withdrawing the piston (104) from the barrel (102) such that the free end
portion (104C) remains in the axial hole (108A), and dispensing the second
liquid by inserting the piston into the barrel (102) such that the free end portion
(104C) remains in the axial hole (108A). In some embodiments, the method
may further include: attaching a high volume pipette tip to the tip (122) of the
barrel (102); and in the second low volume pipetting mode, attaching a low
volume pipette tip to the tip (122) of the barrel (102). In some embodiments, the
device may further include a shuck plate (142) disposed about the barrel and
configured to move axially with respect to the barrel (102). In some
embodiments, the method may further include removing the high volume pipette
tip using the shuck plate. In some embodiments, the method may further include
removing the low volume pipette tip using the shuck plate. In some
embodiments, a length of the free end portion may be greater than a length of the
axial hole (108A). In some embodiments, the stepped bore (108) may further
include a bore portion (108C), wherein a diameter of the bore portion (108C) is
smaller than a diameter of the counterbore (108B) and is larger than a diameter
of the axial hole (108A), and wherein the first seal element (112) is fixed within
the bore portion (108C). In some embodiments, the piston (104) may further
include an engagement portion (104A) extending from the drive rod portion

(104B). In some embodiments, the method may further include using an
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actuator to withdraw and insert the piston (104) in the high and low volume

pipetting modes.

[0011] These and other embodiments of the invention are described in

further detail below, with reference to the drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 shows a side, cross-sectional view of a device accoridng to
an embodiment of the invention. The device is shown in a configuration to do

low volume, low variation pipetting.

[0013] FIG. 2 shows a side, cross-sectional view of the device of FIG. 1.

The device is shown in a configuration where the device is in a transition zone
(no pipetting).

[0014] FIG. 3 shows a side, cross-sectional view of the device shown in
FIG. 1. The device is shown in a configuration where the device can do high

volume pipetting.

[0015] FIG. 4 shows a side, cross-sectional view of the device shown in
FIG. 1. The device is shown in a configuration where dead volume is minimized

for low volume pipetting,

[0016] FIG. 5 shows side, cross-sectional views of different devices,

with shuck plates.

{6017} FIG. 6 shows, side, cross-sectional views of diffferent devices,

where a piston can serve as a plunger to push off a pipette tip from a tip of a

barrel.

{0018} FIG. 7A is a side view of a gripper manifold.

{0019] FIG. 7B 1s an exploded view of a portion of a gripper manifold
{0020} In the Figures, like numerals indicate like elements and some

descriptoins of some elements may not be repeated.
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DETAILED DESCRIPTION

0021} Embodiments of the invention are directed to devices and
methods for pipetting liquids in high and low volume modes. In embodiments of
the invention, a single pipettor device allows for high volumes of liquids to be
transferred yet provides for the ability to also transfer low volumes of liquids
with high precision and accuracy without the need for two or more separate

pipettor devices.

[0022] A large volume liquid transfer mode may be for primary sample
aspiration and DNA extraction. A low volume liquid transfer mode may be used

for nucleic acid transfer and preparation for PCR.

[0023] FIG. 1 shows a device 100 according to an embodiment of the
invention. The device 100 can be used to transfer two or more liquids at
different volumes. The device 100 and its components may include any suitable
dimensions. For example, the length of the device 100 can be about 3 inches or

greater in some embodiments.

{0024} The device 100 can include a piston 104 including a stepped
profile. The piston 104 can be a unitary or monolithic part, and can include an
engagement portion 104A, a drive rod portion 104B and a free end portion 104C
extending from the drive rod portion 104B. The free end portion 104C has a
smaller diameter than the drive rod portion 104B and the engagement portion
104A. The engagement portion 104A can have a smaller diameter than the drive
rod portion 104B. The engagement portion 104A can be of any suitable length,

including about 0.5 inches or more.

[0025] The piston 104 can include any suitable materials. For example,

the piston may comprise plastic such as PTFE (polytetrafluoroethylene).

[0026] The device 100 can also include a barrel 102 including a barrel
body 102A, a stepped bore 108 defined by the barrel body 102A, and a tip 122
formed in the barrel body 102A. The stepped bore 108 can have multiple
discrete sections, including an axial hole 108A, a bore portion 108C, and a
coaxial counterbore 108B. The axial hole 108A passes through the tip 122. As

shown, the barrel 102 further includes a stepped exterior profile having a smaller
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diameter segment 102B, which may coincide with the tip 122 and a larger
diameter segment, which may be part of a larger portion of the barrel body
102A, extending from the smaller diameter segment 102B. The counterbore

108B is disposed within the larger diameter segment.

{06027} The barrel 102 can comprise any suitable material. For example,

the barrel 102 may comprise plastic such as PTFE (polytetrafluoroethylene).

[0028] The device 100 may include a number of seal elements. The
device 100 includes a first seal element 112 that can be in the bore portion 108C,
and can be between and engage the barrel 102 and the free end portion 104C of
the piston 104. A diameter of the bore portion 108C is smaller than a diameter
of the counterbore 108B and is larger than a diameter of the axial hole 108A. As
shown, the first seal element 112 can be fixed within the bore portion 108C. A
small chamber for pipetting a small volume of liquid can be formed by the axial
hole 108A, the first seal element 112, and the free end portion 104C. The first
seal element 112 can include any suitable height, including about 0.05 inches or

more.

[0029] A second seal element 114 can be near the top of the device 100,
and can be between and engage the barrel 102 and the drive rod portion 104B of
the piston 104. The second seal element 114 can include any suitable height,

including about 0.125 inches or more.

0030} The first and second seal elements 112, 114 may comprise any
suitable material. For example, the first and second seal elements 112, 114 may

comprise rubber.

{06031} The piston 104 is disposed within the barrel 102 such that at most
one of the first seal element 112 and the second seal element 114 engages the

barrel 102 and the piston 104.

{06032} An actuator (not shown) can engage the engagement portion
104A of the piston 104. The actuator can move so that the piston 104 is inserted
into the barrel 102 to dispense any liquid in the barrel 102 of the device 100.
The actuator can also move so that the piston 104 is withdrawn from the barrel

102 of the device 100 to aspirate any liquid into the barrel 102 of the device 100.

10
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{0033} The device 100 can pipette any suitable volume of liquid in the
high volume pipetting mode and in the low volume pipetting mode. For
example, in the high volume pipetting mode, the device 100 can pipette between
about 0-5000 microliters of liquid. In the low volume pipetting mode, the device
100 can pipette between about 0-60 microliters of liquid. It is noted that these
quantities are merely exemplary and the device 100 can pipette any suitable
volumes of liquid so long as the amount of liquid that can be pipetted in the low

volume pipetting mode is less than the high volume pipetting mode.

{0034} The device 100 in FIG. 1 is shown in a low volume pipetting
mode wherein only the axial hole 108A is filled with the liquid to be dispensed.
The first seal element 112 and the free end portion 104C prevent any liquid from

passing to the coaxial counterbore 108B in the low volume pipetting mode.

[0035] FIG. 2 shows a side, cross-sectional view of the device 100 of
FIG. 1. The device 100 is shown in a configuration where the device is in a
transition zone (no pipetting) to convert the device 100 to a high volume
pipetting mode. As shown, the end of the free end portion 104C of the piston
104 remains above the first seal element 112, so that the first seal element does
not engage the free end portion 104C. The drive rod portion 104B also does not
engage the second seal element 114, As a result, liquid can be drawn into the
coaxial counterbore 108B if the piston 104 moves away from the axial hole
108A. A liquid can be dispensed from the coaxial counterbore 108B if the
piston 104 moves towards the axial hole 108A to push any liquid out of the tip

122.

{0036} FIG. 3 shows a side, cross-sectional view of the device shown in
FIG. 1. The device is shown in a configuration where the device 100 does high
volume pipetting. As shown in FIG. 3, the piston 104 is pulled upward by an
actuator {(not shown) that may be coupled to the engagement portion 104A. The
drive rod portion 104B then forms a seal with the second seal element 114,
thereby allowing liquid to fill the coaxial counterbore 108B and the axial hole
112, The seal path in the first seal element 112 is broken, because the free end

portion 104C does not fill the hole in the first seal element 112.

11
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{0037} FIG. 4 shows a side, cross-sectional view of the device shown in
FIG. 1. The device is shown in a configuration where dead volume is minimized
for low volume pipetting. In FIG. 4, the drive rod portion 104B fills the entire
bottom portion of the coaxial counterbore 108B. The free end portion 104C fills
the entire axial hole 108A.

[0038] FIG. 5 shows a side, cross-sectional views of portions of the
device 150 when a first pipette tip 130 (e.g, a large volume pipette tip) is
attached to the tip 122 of the barrel body 102A through a friction fit. The piston
104 is fully inserted into the barrel 102, and the free end portion 104C of the
piston 104 fills the axial hole 108A, but does not extend past an end of the free
end portion 104C.

[0039] A shuck plate 142 lies above the first pipette tip 130. The shuck
plate 142 has a hole that has dimensions that can allow the tip 122 to pass
through it, but does not allow the upper end of the first pipette tip 130 to pass

through it.

[06040] The shuck plate 142 can assist in the removal of the first pipette
tip 130 from the tip 122 of the barrel body 102A. In some embodiments, the
shuck plate 142 can move downward to push the first pipette tip 130 to separate

it from the tip 122 of the barrel body 102A.

{0041} FIG. 5 also shows the device 152 when a second pipette tip 132
(e.g., a low volume pipette tip) is attached to the tip 122 of the barrel body 102A
through a friction fit. The piston 104 is fully inserted into the barrel 102, and the
free end portion 104C of the piston 104 fills the axial hole 108A, but does not
extend past an end of the free end portion 104C. The second pipette tip 132 has

a different size and different volume than the first pipette tip 130.

[0042] Similar to device 150, the shuck plate 142 lies above the small
volume pipette tip 132. The shuck plate 142 has a hole that has dimensions that
can allow the tip 122 to pass through it, but does not allow the upper end of the

small volume pipette tip 132 to pass through it.

{0043} The shuck plate 142 can assist in the removal of the small volume

pipette tip 132 from the tip 122 of the barrel body 102A. In some embodiments,



WO 2020/047463 PCT/US2019/049146

h

10

Ju—,
L

[\
hn

30

the shuck plate 142 can move axially, and downward to push the small volume

pipette tip 130 to separate it from the tip 122 of the barrel body 102A.

[0044] FIG. 6 shows two devices 154, 156. Device 154 is substantially
similar to device 150 in FIG. 3, except that the end of the free end portion 104B

of the piston 104 extends past an end of the tip 122.

[0045] FIG. 6 also shows a device 156. Device 156 is similar to device
152 in FIG. 3, except that the end of the free end portion 104B of the piston 104
extends past an end of the tip 122. A length of the free end portion 104B is
greater than a length of the axial hole 108A. Also, the second pipette tip 132,
which includes a body 132A and a lumen 132B, has a filter barrier 140 in the

lumen 140.

[0046] The free end portion 104B can act as a plunger. [t can first
dispense any liquid in the axial hole 108A in the tip 122 of the barrel 102 into an
intended container. The free end portion 104B can then stop just above the
barrier 140 and move to a tip removal station (not shown). Then, an actuator
(not shown) can push the piston 104 further down such that an end of the free
end portion 104B contacts the filter barrier 140. The filter barrier 140 is lodged
into a stable position in the second portion 132B of the second pipette tip 132 so
that the entire second pipette tip 132 will be pushed downward to separate it
from the tip 122 of the barrel 102. Note that the filter barrier 140 is an example
of a structure that can be engaged by the piston 104 to separate the second
pipette tip 132 from the barrel 102. Other structures such as ledges in the pipette
tip 132 and the like can be engaged by the piston 104 to separate the pipette tip
132 from the barrel 102,

[0047] The tip 122 of the barrel 102 is configured to engage a second
pipette tip 132, the second pipette tip 132 having a body 132A forming a lumen
132B, and a barrier 140 spanning the lumen 132B, the pipette tip 130 engaging
the barrel 102. The device 156 can be configured to project the free end portion
104B beyond the tip 122 of the barrel 102. When a first pipette tip 132 is

engaged to the barrel 102, an end of the free end portion 104B contacts the

2

barrier 140. The barrel 102 is further configured to engage a second high
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volume pipette tip 130 sized to fit over the smaller diameter segment of the tip

122 of the barrel 102.

[0048] A number of alterative embodiments are also possible. In one
embodiment, it is possible to eliminate the transition zone and allow for a small
pressure build up, while the free end portion (i.e., a small plunger) transitions to
the larger plunger for pipetting, or vice versa. In another embodiment, there
could be more than two piston diameters. The piston would be stepped as many
times as desired to create multiple volume pipetting modes in a single pipetting
device. For example, the piston 104 in FIG. 1 could have two steps, such that
three different volumes of liquid could be pipetted in a single device. In yet
another embodiment, a high volume seal could be at the bottom and the low
volume seal could be at the top. In yet another embodiment, two or more
mandrel geometries could be used for different hub sizes. In yet another
embodiment, the seals could be on the piston and move up and down with the
piston instead of being inside the barrels. In still another embodiment, an
accessory such as a gripper manifold 700 (FIG. 7A) that can be used to grip,
among other things, microtiter plates and lids that would be used with the
devices described herein. The gripper comprises two gripper fingers 702 and 704
that are shown in the closed position in FIG. 7A. The gripper fingers 702 and
704 rotate outward about the rotation axes formed by radial bearings 706 and
708. Each gripper finger 702 and 704 can rotate up to about 180 degrees about
the rotation axes formed by radial bearings 706 and 708. The gripper can be
actuated by the same actuator that is used to move piston 104, such that there is a
single actuator responsible for the movement of piston 104 and griper fingers
702 and 704. The gripper bracket 710 is pulled up by a top plunger plate (not
shown) which is attached to the same actuator that is used to move piston 104.
The gripper bracket 710 is attached to two gear racks 712 and 714, only one of
which is shown in FIG. 7B. The gear racks 712 and 714 can be contained in an
undercut feature in the gripper manifold 700 and rotate two pinions 716 and 718
as shown in FIG. 7B, with only 718 shown. The gripper fingers 702 and 704
(only 704 shown in FIG. 7B) are attached to each pinion 716 and 718. First and
second radial bearings 720 and 722 can be attached to each distal end 724 and
726 of pinions 716 and 718 to reduce any drag on the gear rack/pinion drive.

Third and fourth radial bearings associated with gripper finger 702 are not
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shown in FIG. 7B. The gripper manifold 700 can further comprise torsion
springs 728 and 730 (only 730 shown in FIG. 7B), which can wrap around the
pinions 716 and 718 to, among other things, keep the fingers stored in an up
position when not in used and to remove hysteresis in the gear rack/pinion drive
when the fingers are actuated for use in gripping. The gripper fingers can have
undercut features 732 and 734 at a distal end of each finger. Further, gripper
fingers 702 and 704 can have approximately 2 Ibf of gripping force to retain

things such as microtiter plates and lids.

[0049] Other embodiments of the invention are directed towards methods
for using the above-described devices. In some embodiments, the method
comprises using a device including (a) a piston including a stepped profile, a
drive rod portion and a free end portion extending from the drive rod portion, the
free end portion having a smaller diameter than the drive rod portion, (b) a barrel
including a barrel body, a stepped bore defined by the barrel body, and a tip
formed in the barrel body, the stepped bore having an axial hole and a coaxial
counterbore, the axial hole passing through the tip, (c) a first seal element
between and engaging the barrel and the free end portion, and (d) a second seal

element between and engaging the barrel and the drive rod portion.

{06050} Referring to FIG. 3, the method comprises in a first high volume
pipetting mode, aspirating a first liquid in a first container by withdrawing the
piston 104 from the barrel 102 such that the free end portion 104C is above and
moves away from the axial hole 108A. After the liquid is in the coaxial
counterbore 108B, the first liquid is dispensed by inserting the piston 104 into
the barrel 102 such that the free end portion 104C moves toward the axial hole
108A. This pushes any of the first liquid in the coaxial counterbore 108B and
the axial hole 108A into a second intended container. An end configuration can

be shown in FIG. 4.

{0051} The method further comprises, in a second low volume pipetting
mode, aspirating, a second liquid by withdrawing the piston 104 from the barrel
102 such that the free end portion 104C remains in the axial hole 108A and
forms a seal with first seal element 112. This configuration is shown in FIG. 1.
After the second liquid fills the axial space 108A, the second liquid can be

dispensed by inserting the piston 104 into the barrel 102 such that the free end
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portion 104C remains in the axial hole 108A. An end configuration can be

shown in FIG. 4.

[0052] The above description is illustrative and is not restrictive. Many
variations of the invention will become apparent to those skilled in the art upon
review of the disclosure. The scope of the invention should, therefore, be
determined not with reference to the above description, but instead should be
determined with reference to the pending claims along with their full scope or

equivalents.

[6053] One or more features from any embodiment may be combined
with one or more features of any other embodiment without departing from the

scope of the invention.

[0054] A recitation of "a", "an" or "the" is intended to mean "one or

more" unless specifically indicated to the contrary.

[0055] All patents, patent applications, publications, and descriptions

mentioned above are herein incorporated by reference in their entirety.
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WHAT IS CLAIMED IS:
1. A device for transferring liquid comprising:

a piston; and

a barrel including a barrel body, and a tip formed in the barrel body, the
barrel including a larger diameter segment and a smaller diameter segment,
wherein the barrel is configured to engage a first pipette tip sized to fit over the
larger diameter segment, and wherein the barrel is further configured to engage a
second pipette tip sized to fit over the smaller diameter segment of the barrel;

wherein the piston includes a stepped profile, a drive rod portion and a
free end portion extending from the drive rod portion, the free end portion
having a different diameter than the drive rod portion,

wherein the barrel includes a stepped bore defined by the barrel body, the
stepped bore having an axial hole and a coaxial counterbore, the axial hole
passing through the tip, and wherein the device further comprises:

a first seal element between and engaging the barrel and the free
end portion; and
a second seal element between and engaging the barrel and the

drive rod portion; and

wherein the piston is disposed within the barrel such that at most one of
the first seal element and the second seal element engages between the barrel

and the piston.

2. The device of claim 1, wherein a length of the free end portion is greater

than a length of the axial hole.

3. The device of any of claims 1 or 2, wherein the stepped bore further
comprises a bore portion, wherein a diameter of the bore portion is smaller than
a diameter of the counterbore and is larger than a diameter of the axial hole, and

wherein the first seal element is fixed within the bore portion.

4. The device of any of claims 1-3, wherein, the smaller diameter segment
coincides with the tip, and the larger diameter segment extends from the smaller
diameter segment, and the counterbore disposed within the larger diameter

segment.
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5. The device of any of claims 1-4, further comprising:
a shuck plate disposed about the barrel and configured to move axially

with respect to the barrel.

6. The device of any of claims 1-5, wherein the piston further comprises an

engagement portion extending from the drive rod portion.

7. The device of any of the preceding claims, further comprising:

an actuator coupled to the piston for moving the piston up and down.

8. The device of claim 7, further comprising a gripper having at least two
gripper fingers, wherein the actuator is further coupled to the gripper for moving

the at least two gripper fingers.

9. A liquid transferring system, comprising:

the device of claims 1-8,

a first pipette tip sized to fit over the larger diameter segment of the barrel;
and

a second pipette tip sized to fit over the smaller diameter segment of the
barrel;

wherein the second pipette tip has a body forming a lumen, and a barrier
spanning the lumen, the second pipette tip engaging the barrel, and wherein,
when the second pipette tip is engaged to the barrel, an end of the free end

portion can contact the barrier.

10. The system of claim 9, further comprising a shuck plate, wherein when the
second pipette tip is engaged to the barrel, the shuck plate contacts the second

pipette tip.
11. The system of claims 9-10, wherein the second pipette tip includes a filter

barrier that can be pushed by the piston to separate the second pipette tip from

the barrel.
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12. A method of using the device of claims 1-8 for transferring a liquid, the
method comprising:

in a first high volume pipetting mode, aspirating a first liquid by
withdrawing the piston from the barrel, and dispensing the first liquid using the
first pipette tip; and

in a second low volume pipetting mode, aspirating, a second liquid by
withdrawing the piston from the barrel, and dispensing the second liquid using

the second pipette tip.

13. The method of claim 12, wherein in the first high volume pipetting mode,
the first liquid is aspirated by withdrawing the piston from the barrel such that
the free end portion is above and moves away from the axial hole, and the first
liquid is dispensed by dispensing the first liquid by inserting the piston onto the
barrel such that the free end portion moves toward the axial hole; and wherein in
a second low volume pipetting mode, the second liquid aspirated by withdrawing
the piston from the barrel such that the free end portion remains in the axial hole,
and the second liquid is dispensed by inserting the piston into the barrel such that

the free end portion remains in the axial hole.
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