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CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority under 35 USC Section 119(e} to co-pending U5,
Provisional Patent Application No. 62/350,302, filed June 15, 2016, the entire disclosure of
which 1s incorporated herein by reference. This application also claims priority under 35
USC Section 119(e) to co-pending U.5. Provisional Patent Application No. 62/350,291, filed
June 15, 2010, the entire disclosure of which is incorporated herein by reference.

[0002]

FIELD

[0003] This disclosure pertains generally to pipetting devices, and more particularly to
pipette tip couplers, disposable pipette tips, tip and coupler combinations, and coupling and
decoupling methods of at least one disposable pipette tip to or from at least one pipetie tip

coupler carried by a pipette device.
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BACKGROUND

[0004] Pipette devices are used in a multitude of industries for the transfer of liquids to
conduct experimental analysis. As such, to provide control within the experiments being
performed, disposable tips are used and intended for one-time use. Disposable tips are
employed with both manual pipette devices and automated pipette devices having a large
number of pipette units arranged in a row or in a matrix for aspirating samples
simultaneously from a large number of vessels and dispensing them elsewhere.

[0005] Disposable pipeite tips have been constructed historically to interface to either a
conical or stepped coupling stud.  In the cases where a conical coupling stud is used, the
disposable tip is constructed in a manner that it must be pre-stressed onto the coupling stud to
provide an air tight seal. Due to the tolerances of the two interfacing components, the
distance to the end of the tip that comes in contact with liquid is not well controlied. In
addition, high press forces are required to pre-stress the tip to create the air tight seal. Asa
result, microfissures may be formed in the pipette tip which are a cause of leakage.
Moreover, the high press forces upon placement of the pipette tip have the disadvantage that
for the release of the pipette tip correspondingly high forces have to be applied.

[0006] The assignee of the present application, HAMILTON Company, teaches in U.S,
patent number 7,033,543, issued April 25, 2006, a stepped coupling stud in conjunction with
an O-ring that provides a solution for reducing the high press force required to create an air
tight seal as well as providing well defined axtal positioning of the end of the tip that comes
in contact with liquid. As the O-ring is compressed, it provides axially directed force to not
only provide the air-tight seal, but also to engage the axial coupling feature on the coupling

stud with the counter axial coupling feature on the tip.
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[0007] Nevertheless, current systems utilizing a stepped coupling stud and a solitary O-ring
configuration are problematic when the O-ring becomes compromised because the result is
an impairment in the air-tight seal and the performance of the pipette device.

[0008] Additionally, the compression of the O-ring results in the deformation of the O ring
that in turn provides the axially directed force and air-tight seal against the working surface
of the pipette tip. Counter to this operation, when the compression of the O-ring is removed,
the O-ring must disengage from the working surface of the pipette tip to allow the pipette tip
to be removed from the coupling stud and the pipette device for disposal. H the O-ring does
not fully decompress, some residual force will remain resulting in keeping the tip engaged to
the coupling stud and thus requiring an automated external axial counterforce to remove the
tip for disposal.

[0009] Moreover, as the size of the holes to and/or from which hiqud is transferred
decreases, the need for precision positioning of all of the tips in a controlled manner increases
in order to allow successful targeting,

[0010] Hence, there is a need to ameliorate or overcome one or more of the significant

shortcomings delineated hereinabove.

SUMMARY
[0011] Accordingly, and in one aspect, an embodiment of the present disclosure
ameliorates or overcomes one or more of the shortcomings of the known prior art by
providing a pipette tip coupler and disposable pipette tip combination that comprises a
plurality of circumferentially disposed elements or segments engaging a circumferential
interior working surface defining a first working surface of an interior circumscribing surface

of a sidewall of the pipette tip in an area superior to a proximally facing axial stop surface of
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the pipette tip for providing a resultant pre-stress force that pre-stresses the pipette tip axially
upward causing a distal elastomeric element of the coupler to be pre-stressed against a second
working surface of the pipette tip forming a seal configuration that eliminates the seal
deterioration or fatlure of the known prior art.

[0012] In addition, and in one aspect, the distal elastomeric element, when compressed
against the second working surface, provides a counter axial force to the plurality of elements
or segments wherein at least one benefit of this counter axial force is that additional force is
applied to the first working surface by the plurality of individual elements or segments when
the plurality of individual elements or segments are in a radially and axially interfacing state
for providing a stronger distal seal.

[0013] A further benefit of the counter axial force is that when the plurality of individual
elements or segments are disengaged 1o a radially and axially retracted state, the counter axial
force of the distal elastomeric element defines a counter axially directed disengaging force
that aids in the removal of the pipette tip from the pipette tip coupler for disposal.

[0014] In another aspect, an embodiment of the present disclosure provides a pipette tip
coupler and disposable pipette tip combination, the coupler comprising a plurality of
circumferentially disposed elements or segments and a distal elastomeric element in the form
of, but not limited to, an O-ring and the pipette tip comprising dual complemental working
surfaces in the pipette tip to provide a resultant axial force achieved from an engagement of
the plurality of elements or segments and the distal elastomeric element with the dual
complemental working surfaces for pre-stressing the disposable pipette tip into an axial
coupling position that is provided by a distally facing axial stop surface of the pipette tip
coupler and a proxamally facing complimentary counter axial stop surface of the disposable

pipette tip such that a perpendicular datum is established to a longitudinal axis of a channel
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of a pipette device carrying the pipette tip coupler and disposable pipette tip combination that
provides for tip straightness and controlled concentricity.

[0015] One benetit of the resultant axial force coupling position over the known prior art is
the establishment of this perpendicular datum that provides for tip straightness and controlled
concentricity. Concentricity becomes worse as an angle defined herein as “o” between a
transverse axis and the longitudinal axis perpendicular to the transverse axis is allowed to
increase. Thus, controlled concentricity becomes especially important in a multi-channel
system and when targeting multiple wells.  Accordingly, the pipette tip coupler and
disposable tip combination provides tighter concentricity to allow for tighter precision of all
the tips in a controlled manner allowing successful targeting of multiple wells and/or smaller
holes to and/or from which liquid 1s transterred.

[0016] In yet another aspect, an embodiment of the present disclosure provides a pipette tip
coupler and disposable pipette tip combination, the coupler comprising a plurality of
circumterentially disposed elements or segments and a distal elastomeric element in the form
of, but not limited to, an O-ring and the pipette tip comprising dual complemental working
surfaces in the pipette tip to provide precise control of an axial coupled position defined as an
axial distance from a distally facing axial stop surface of the pipette tip coupler to the end of
the pipette tip that contacts liquid when the pipette tip coupler and disposable pipette tip are
in a coupled configuration. This, combined with tip straightness, allows for a pipette device
carrying the pipette tip coupler and disposable tip combination to target smaller holes.
Additionally, smaller volumes of liquid can be transferred resulting from the known fixed
distance of the disposable pipette tip allowing for a controlled touch of the pipette tip/liquid

to a working surface onto or from which liquid s to be transferred.
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[0017] 1In a further aspect, an embodiment of the present disclosure provides a pipette tip
coupler and disposable pipette tip combination comprising an angled squeeze mechanism,
such as an annular wedge or squeeze ring, that directs the motion of the plurality of
individual elements into contact with the first working surface of the pipette tip. The result is
more axial force to pre-stress the pipette tip into the axial coupling position.

[0018]  In yet a further aspect, an embodiment of the present disclosure provides a pipette
tip coupler device for coupling a pipette tip to a pipette device, the pipette tip coupler device
comptrising. a pipette tip coupler body having an upper seating surface and a distally facing
axial stop surface that is complementary to a proximally facing axial stop surface of an
axially stepped shoulder of an interior circumscribing surface of a sidewall of a pipette tip; a
distal stem portion distally extending from a distal surface of the pipette tip coupler body
along a central longitudinal axis of the pipette tip coupler body and terminating to a distal
end; a distal elastomeric element circumscribing the distal stem portion, the distal elastomeric
element comprising a relaxed state, and a compressed state configured for sealing and
abutting the distal elastomeric element with a circumferential radially inwardly angled and
distally extending distal sealing surface of the interior circumscribing surface of the sidewall
of the pipette tip located in an area inferior to the axially stepped shoulder of the pipette tip;
and a plurality of individual elements or segments circumferentially spaced apart and
mounted on the upper seating surface of the pipette tip coupler body and configured to extend
between circumferentially spaced apart radially retracted positions and circumferentially
spaced apart radially advanced positions configured for providing an abutment of the
plurality of individual elements or segments with a first interior working surface of the
interior circumscribing surface of the sidewall of the pipette tip in an area superior to the

axially stepped shoulder of the pipette tip while the distal elastomeric element is concurrently
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in the compressed state and the upwardly facing axial stop surface of the pipette tip is in
abutment with the downwardly facing axial stop surface of the pipette tip coupler body to
define an axial coupling position of the pipette tip on the pipette tip coupler device.

[0019] Further aspects of the embodiments of the present disclosure will become apparent
from the detailed description provided below, when taken together with the attached
drawings and claims. It should be understood, however, that numerous modifications and
adaptations may be resorted to without departing from the scope and fair meaning of the
claims as set forth below following the detailed description of preferred embodiments of the

present disclosure.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0020] The foregoing summary, as well as the following detailed description of the
disclosure, will be more fully understood by reference to the following drawings that are for
iltustrative purposes ounly, and are not intended to limit the scope of the present disclosure.
Also, it 1s appreciable that the drawings are not necessarily in scale as some components may
be shown to be enlarged or to be out of proportion relative to the size in actual
implementation in order to more clearly illustrate one or more concepts of the present
disclosure. In the drawings:
[0021] FIG. 1 1s a perspective view of an example embodiment of an air displacement
pipette device assembly of an automated liquid handling system.
[0022] FIG. 2 is a longitudinal sectional, side elevational view of an example embodiment
of the pipette device assembly.
[0023] FIG. 3 is a fragmentary longitudinal sectional, side elevational view of an example

embodiment of the pipette device assembly comprising a pivette device operativelv counled
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to an example embodiment of a pipette tip coupler device that is operatively coupled to an
example embodiment of a disposable pipetie tip.

[0024] FIG. 4 i3 a side elevational view of an example embodiment of the pipette device
assembly.

[0025] FIG. S i1s a partial exploded parts perspective view of an example embodiment of
the pipetie device assembly detailing parts of an example embodiment of the pipette tip
coupler device.

[0026] FIG. 6 is a side elevational view of an example embodiment of the pipette tip
coupler device.

[0027] FIG. 7 1s a top and side perspective view of an example embodiment of a pipette tip
coupler body of an example embodiment of the pipette tip coupler device.

[0028] FIG. 8 1s a top and side perspective view of an example embodiment of a distal
elastomeric element or O-ring of an example embodiment of the pipette tip coupler device.
[0029] FIG. 9 1s a top and side perspective view of a crowned shaped ball raceway of an
example embodiment of the pipette tip coupler device, the raceway comprising a plurality of
circumferentially spaced apart guide sockets each configured to receive a spherical ball or
discrete coupling element or segment.

{00301 FIG. 10 1s a top and side perspective view of the crowned shaped ball raceway with
a spherical ball or discrete coupling element or segment received within each of the plurality
of circumferentially spaced apart guide sockets.

[0031] FIG 11 1s a fragmented and cutaway, longitudinal sectional, side elevational view
of a portion of the crowned shaped ball raceway and a segment or ball received within the

raceway.
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[0032] FIG. 12 18 a top and side perspective view of the annular wedge or squeeze ring of
an example embodiment of the pipette tip coupler device.

[0033] FIG. 13 is a fragmentary, longitudinal sectional, side elevational view of an example
embodiment of the pipetie device operatively coupled to the example embodiment of the
pipette tip coupler device.

{00341 FIG. 14 1s a fragmentary, partially sectional, side elevational view of an example
embodiment of the pipette device operatively coupled to an example embodiments of the
pipette tip coupler device and tip.

[0035] FIG. 15 1s a side elevational view of an example embodiment of the disposable
pipette tip iHustrated in a supported position.

[0036] FIG. 16 is a fragmentary, longitudinal sectional, side elevational view detailing the
interior of an example embodiment of the disposable pipette tip.

[0037] FIG. 17 is an upper detail fragmentary, longitudinal sectional, side elevational view
detatling the upper interior of an example embodiment of the disposable pipette tip.

[0038] FIG. 18 1s a diagrammatical block diagram view of an example embodiment of an
automated pipetting workstation or system.

100391 FIG. 19 1s a fragmentary, longitudinal sectional, side elevational view of an example
embodiment of the pipette device supporting an example embodiment of the pipette tip
coupler device over an example embodiment of the disposable pipette tip.

[0040] FIG. 20 is a fragmentary, longitudinal sectional, side elevational view of an example
embodiment of the pipette tip coupler device positioned over and into an example
embodiment of the disposable pipette tip for bringing the plurality of circumferentially

spaced apart segments or balls into contact with the proximal open end of the pipette tip.
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100411 FIG. 21 1s a fragmentary, longitudinal sectional, side elevational view of an example
embodiment of the pipette tip coupler device moved into an example embodiment of the
disposable pipette tip for contacting the distal O-ring against the tip sealing seat or surface
such that a gap i1s maintained between the anmular shoulder seat or stop surface of the pipette
tip and the stop shoulder surface of the stop disk with the plurality of circumterentially
spaced apart segments or balls retracting by contacting the interior surface of the pipette tip
and being forced inwardly.

[0042] FIG. 22 15 a fragmentary, longitudinal sectional, side elevational view of an example
embodiment of the pipette tip coupler device moved into the tip a further amount with the
annular wedge initially squeezing the elastomeric element or O-ring and the tip being lifted
up for defining a first extended or lift state with the distal elastomeric element or O-ring in an
inttially compressed and seated state.

100431 FIG. 23 1s a fragmentary, longitudinal sectional, side elevational view of an example
embodiment of the pipette tip coupler device moved a final distance into the tip with the tip
being lifted up to its final seated state to engage the coupler by the method of moving the
annular wedge into its final position thereby defining a final state of coupling with the distal
elastomeric element or O-ring in a final compressed and seated sealing state.

(00441 FIG. 24 s a longitudinal sectional, side elevational, fragmented detatled view of one
of the plurality of segments or balls in the final extended or lift state as 1s llustrated in FIG.
23,

[0045] FIG. 25 1s a longitudinal sectional, side elevational, fragmented detailed view of the
distal elastomeric element or O-ring in a final compressed state against the tip sealing seat or

surface as 1s illustrated 1n FIG. 23,
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100461 FIG. 26 15 a fragmentary, longitudinal sectional, side elevational, view of an initial
coupling state of an example embodiment of the pipette tip coupler device with the
disposable pipette tip with an illustration of associated forces.

[0047] FIG. 27 is a fragmentary, fongitudinal sectional, side elevational, detailed view of
the initiation of coupling of one of a plurality of segments or balls of an example embodiment
of the pipette tip coupler device with a groove of an example embodiment of the disposable
pipette tip with an illustration of associated forces.

[0048] FIG. 28 is a fragmentary, longitudinal sectional, side elevational, detailed view of
an example embodiment of the coupler and tip combination in the completed coupling state
as illustrated in FIG. 23 and further illustrating associated forces.

[0049] FIG. 29 1s a fragmentary, longitudinal sectional, side elevational view of a
misaligned coupling between an example embodiment of a pipette tip coupler device and an
example embodiment of a disposable pipette tip.

[0050]  FIG. 30 s a fragmented and cutaway, longitudinal sectional, side elevational view
of an example embodiment of an air displacement pipette device operatively coupled to an
example embodiment of a pipette tip coupler device that i1s illustrated in the misaligned
coupling state with an example embodiment of a disposable pipette tip.

[0051]  FIG. 31 ts a fragmented and cutaway, longitudinal sectional, side elevational view
of an example embodiment of the air displacement pipette device supporting in axial
alignment an example embodiment of the pipette tip coupler device that, in turn, is coupled in
axial alignment to the disposable pipette tip wherein the tip 15 illustrated with a small liquid
volume interposed between s distal end of the tip and a working surface and with

dimensioning lines illustrated and identitied.
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100521 FIG. 32 1s a longitudinal side elevational view of an example embodiment of the
pipette device assembly illustrating a circuit board that processes a signal received from a
Liquid Level Detection (LLD) circuit contact connected between the circuit board and the
annuiar wedge or squeeze ring that selectively contacts a plurality of conductive segments or
balls coupling with a conductive disposable pipette tip wherein the distal end of the tip 15 in
contact with the liquid.

[0053] FIG. 33 1s a top and side perspective view of an alternative example embodiment of
a ball raceway for use with the pipette device assembly tlustrated in FIG. 5.

[0054] FIG. 34 1s a partial exploded parts perspective view of a plurality of segments or
balls and the alternative example embodiment of the ball raceway mounted on a coupler
body.

[0055] FIG. 35 is a top and side perspective view of the plurality of segments or balls
captured by the alternative example embodiment of the ball raceway mounted on the coupler
body.

[0056] FIG. 36 is a fragmented and cutaway, longitudinal sectional, side elevational view
of one of the plurality of segments or balls received and captured within the alternative
example embodiment of the ball raceway.

[0057] FIG. 37 ts a top and side perspective view of a ball raceway and a pipette tip coupler
body of a second example embodiment of a pipette tip coupler device for use with the pipette
device assembly illustrated in FIG. 5.

[0058] FIG. 38 1s a partial exploded parts perspective view illustrating a spacer, a magnetic
ring, and the ball raceway mounted on pipetie tip coupler body of the second example

embodiment of a pipette tip coupler device.
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[0059] FIG. 39 is a partial exploded parts perspective view illustrating segments or balls, a
top lid ring, and the ball raceway mounted on pipetie tip coupler body of the second example
embodiment of a pipette tip coupler device.

[0060]  FIG. 40 is a fragmented and cutaway, longitudinal sectional, side elevational view
of one of the plurality of segments or balls received and captured within the ball raceway of
the second example embodiment of the pipetie tip coupler device.

[0061] FIG. 41 is a bottom and side perspective view of a third example embodiment of a
pipetie tip coupler device comprising a pipette tip coupler body supporting a distal sealing
element and a ball raceway with a snap ring securing a plurality of segments or balls therein.
[0062] FIG. 42 1s a longitudinal sectional, side elevational view of the third example
embodiment of the pipette tip coupler device utilizing the annular wedge or squeeze ring that
is Hlustrated in FIG. 12.

100631 FIG. 43 is a fragmentary, longitudinal sectional, side elevational view of the third
example embodiment of the pipette tip coupler device tllustrating the contact between the
annular wedge or squeeze ring illustrated in FIG. 12 and one of the plurality of segments or
balls and further tllustrating the snap ring securing one of the plurality of segments or balls.
[0064] FIG. 44 is a partial exploded parts perspective view illustrating the pipette tip
coupler body and the ball raceway of the third example embodiment of the pipette tip coupler
device.

[0065] FIG. 45 is a partial exploded parts perspective view illustrating a spacer, a magnetic
ring, and the ball raceway mounted the pipette tip coupler body of the third example

embodiment of the pipette tip coupler device.
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[0066] FIG. 46 is a partial exploded parts perspective view of segments or balls disposed
proximate front entry openings of the ball raceway of the third example embodiment of the
pipette tip coupler device.

[0067] FIG. 47 is a partial exploded parts perspective view of the snap ring disposed
axially above the ball raceway of the third example embodiment of the pipette tip coupler
device.

[0068] FIG. 48 is a fragmented and cutaway, longitudinal sectional, side elevational view
of a portion of the ball raceway of the third example embodiment of the pipette tip coupler
device with one of the plurality of segments or balls received and captured therein.

[0069]  FIG. 49 is a bottom and side perspective view of another or second embodiment of
an annular wedge or squeeze ring comprising circumferentially spaced apart concave faces or
concavities.

[0070] FIG. 50 1s a longitudinal sectional, side elevational view of the third example
embodiment of the pipette tip coupler device utilizing the second embodiment of the annular
wedge or squeeze ring ilustrated in FIG. 49 with the curvature of each of the
circumferentially spaced apart concave faces or concavities betng complemental in shape to
the exterior arcuate shape of each of the plurality of segments or balls for complemental
surface abutment therebetween as iilustrated.

[0071] FIG. 51 is a longitudinal sectional, side elevational view of a fourth example
embodiment of a pipette tip coupler device comprising an alternative ball raceway having a
machined ball retention configuration securing a plurality of segments or balls therein.

(00721 FIG. 521s a longitudinal sectional, side elevational view detailing the machined ball
retention configuration of the ball raceway of the fourth example embodiment of the pipette

tip coupler device.
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[0073] FIG. 53 is a partial exploded parts perspective view of segments or balls disposed
proximate rear openings of the ball raceway of the fourth example embodiment of the pipette
tip coupler device.

[0074] FIG. 54 1s a partial exploded parts perspective view illustrating a pipette tip coupler
body and the ball raceway of the fourth example embodiment of the pipette tip coupler
device.

[007S] FIG. S5 1s a partial exploded parts perspective view illustrating an annular spacer or
ring of the fourth example embodiment of the pipette tip coupler device and the mounting of
the ball raceway on the pipette tip coupler body of the fourth example embodiment of the
pipette tip coupler device.

[0076] FIG. 56 is a fragmented and cutaway, longitudinal sectional, side elevational view
of a portion of the ball raceway of the fourth example embodiment of the pipette tip coupler
device with one of the plurality of segments or balls received and captured therein by the
machined ball retention configuration.

[0077] FIG. 57 is a partial exploded parts perspective view detailing parts of a fifth
example embodiment of a pipette tip coupler device interposed between the disposable
pipette tip and the pipette device of the air displacement pipette device assembly.

[0078]  FIG. S8 is a top and side perspective view of an example embodiment of the pipette
tip coupler device .

[0079] FIG. 59 is a top and side perspective view of an example embodiment of a pipette
tip coupler body of the fifth example embodiment of the pipette tip coupler device.

[00BO]  FIG. 60 1s a top and side perspective view of an example embodiment of a distal
elastomeric element or O-ring of the fitth example embodiment of the pipette tip coupler

device.
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[0081] FIG. 61 is an exploded parts perspective view of a segmented coupling system of
the fifth example embodiment of the pipette tip coupler device comprising a plurality of
segments or individual coupling elements and a retaining ring.

[0082] FIG. 62 is a top, back, and side perspective view of a discrete coupling element or
segment of the segmented coupling system of an example embodiment of the pipette tip
coupler device.

[0083] FIG. 63 i1s a top and front perspective view of the discrete coupling element or
segment illustrated in FIG. 62.

[0084] FIG. 64 15 a top and side perspective view of the annular wedge of an example
embodiment of the pipette tip coupler device.

[0085] FIG. 65 15 a longitudinal sectional, side elevational, fragmented view of an example
embodiment of the pipette device supporting an example embodiment of the pipette tip
coupler device over an example embodiment of the disposable pipette tip.

[0086] FIG. 66 is a longitudinal sectional, side elevational, fragmented view of the fifth
example embodiment of the pipette tip coupler device positioned over and moved into an
example embodiment of the disposable pipette tip for bringing the distal O-ring into contact
with the tip sealing seat or surface while maintaining the plurality of discrete coupling
elements or segments in a radially unextended state and before the shoulder seat of the pipette
tip and the stop shoulder surface of the stop disk are mated such that a gap is maintained
between the annular shoulder seat of the pipetie tip and the stop shoulder surface of the stop
disk.

(00871 FIG. 67 is a longitudinal sectional, side elevational, fragmented view of the fifth

example embodiment of the pipette tip coupler device moved into the tip a further amount
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with the tip being lifted while pushing down on the annular wedge squeeze ring for radially
extending the segmented coupler into the groove of the tip.

[0088] FIG. 68 is a longitudinal sectional, side elevational, fragmented detailed view of one
of a plurality of segments of the segmented coupler being extended into the groove of the tip
as is illustrated in FIG. 67,

(00891 FIG. 69 is a longitudinal sectional, side elevational, fragmented detailed view of the
distal O-ring in a compressed state against the tip sealing seat or surface as is tllustrated in
Fi(3. 67.

[0090] FIG. 70 1s a longitudinal sectional, side elevational, fragmented view of the fifth
example embodiment of the pipette tip coupler device moved into the disposable pipette tip
to a final amount with the tip being lifted with a force pushing down on the annular wedge or
squeeze ring for defining a final state of coupling of the fifth example embodiment of the
pipette tip coupler device with the disposable pipette tip.

[0001]  FIG. 71 s a longitudinal sectional, side elevational, fragmented detatled view of one
of a plurality of segments of the segmented coupler being fully extended into the groove of
the tip as is tlustrated in FIG. 70.

[0092] FIG. 72 1s a longitudinal sectional, side elevational, fragmented detailed view of the
distal O-ring in a final compressed state against the tip sealing seat or surface as is tllustrated
in F1G. 70

[0093] FIG. 73 is a fragmentary, longtiudinal sectional, side elevational, view of an tnitial
coupling state of the fifth example embodiment of the pipette tip coupler device with the
disposable pipette tip with an illustration of associated forces.

[0094] FIG. 74 1s a fragmentary, longitudinal sectional, side elevational, detailed view of

the initiation of coupling of one of a plurality of arcuate seaments of the fifth examuple

2
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embodiment of the pipette tip coupler device with the groove of an example embodiment of
the disposable pipette tip with an illustration of associated forces.

[0095] FIG. 75 1s a fragmentary, longitudinal sectional, side elevational, detailed view of
the completed combination coupling state of the fifth example embodiment of the pipetie tip
coupler device and disposable pipette tip with an illustration of associated forces.

{00961 FIG. 76 1s a fragmentary, longitudinal sectional, side elevational view of an example
embodiment of the disposable pipette tip comprising an alternative sealing seat surface angle
of substantially ninety degrees relative to the central longitudinal axis of the pipetie tip.
100971 FIG. 77 1s a fragmentary, longitudinal sectional, side elevational view of an example
embodiment of the pipetie tip coupler device positioned over an example embodiment of the
disposable pipette tip comprising the alternative sealing seat surface angle of substantially
ninety degrees.

100981 FIG. 78 is a fragmentary, longitudinal sectional, side elevational view of an example
embodiment of the pipette tip coupler device positioned in the disposable pipette tip
comprising the alternative sealing seat surface angle of substantially ninety degrees wherein
the tip is lifted up to its final seated state and the annular wedge moved into its final position
for defining a final coupling state with the distal elastomeric element in a final compressed
and seated sealing state against the sealing seat surface having the alternative sealing seat
surface angle of substantially ninety degrees.

[0099] FIG. 79 s a fragmentary, longitudinal sectional, side elevational detailed view of
the distal elastomeric element in the final compressed state against the sealing seat surface
having the alternative sealing seat surface angle of substantially ninety degrees as is

illustrated in FIG. 78,
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100100} FIG. 80 1s a fragmentary, longitudinal sectional, side elevational view of the upper
interior of an example embodiment of the disposable pipette tip comprising another
alternative sealing seat surface in the form of a circumferential radially concave sealing seat
surface.

[00101] FIG. 81 is a fragmentary, longitudinal sectional, side elevational detailed view of an
example embodiment of the disposable pipette tip illustrating detail of the circumferential
radially concave sealing seat surface llustrated in FIG. 80

[00102] FIG. 82 is a fragmentary, longiiudinal sectional, side elevational view of an example
embodiment of the disposable pipette tip tllustrating detail of a further alternative sealing seat
surface tn the form of a circumferential radially convex sealing seat surface.

[00103] FIG. 83 1s a fragmentary, longitudinal sectional, side elevational detailed view of an
example embodiment of the disposable pipette tip llustrating detail of the circumferential
radially convex sealing seat surface ilhustrated in FIG. 82

[00104] FIG. B4 1s a fragmentary, longitudinal sectional, side elevational view of an example
embodiment of the disposable pipette tip illustrating a yet further alternative sealing seat
surface in the form of a circumferential upward facing tooth edge sealing seat surface.
1001051 FIG. 85 is a fragmentary, longitudinal sectional, side elevational detailed view of an
example embodiment of the disposable pipette tip illustrating detail of the circumferential
upward facing tooth edge sealing seat surface illustrated in FIG. 84.

[00106] FIG. 86 is a fragmentary, longiiudinal sectional, side elevational view of an example
embodiment of the pipette tip coupler device positioned over the example embodiment of the
disposable pipette tip comprising an alternative circumferential annular tip groove in the form

of a V-shaped groove defined by an V-shaped circumferential interior surface of the
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disposable pipette tip opening toward the longitudinal axis and having a V-shaped cross
section as ilustrated.

(00107} FIG. 87 is a fragmentary, longitudinal sectional, side elevational view of an example
embodiment of the pipette tip coupler device positioned in the disposable pipette tip
comprising the alternative V-shaped groove wherein the tip is lifted up to its final state with
the rounded surfaces of the plurality of segments or balls being extended into the V-shaped
groove and into abutment against the V-shaped circumferential interior surface with the distal
elastomeric element in a final compressed and seated sealing state against the sealing seat
surface of the tip.

[00108] FIG. 88 1s a fragmentary, longitudinal sectional, side elevational detailed view of
the rounded surface of one of the plurality of segments or balls being extended into the V-
shaped groove and abutting against the V-shaped circumferential interior surface defining the
V-shaped groove as is illustrated in FIG. 87,

[00109] FIGS. 89 through 99 are fragmentary, longitudinal sectional, side elevational views
detailing different turther example embodiments of circumferential annular tip grooves.
[00110] FIG. 100 ts a fragmentary, longitudinal sectional, side elevational detailed view
detailing the interior of a second example embodiment of a disposable pipette tip.

[0O111] FIG. 101 is a fragmentary, longitudinal sectional, side elevational view of an
example embodiment of the pipetie tip coupler device positioned over the second example
embodiment of the disposable pipette tip.

[00112] FIG. 102 i1s a fragmentary, longitudinal sectional, side elevational view of an
example embodiment of the pipetie tip coupler device positioned in the second example
embodiment of the disposable pipette tip with the stop disk shoulder surface of the coupling

device abutting against an axial stop surface of the second example embodiment of the
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disposable pipette tip and the rounded surfaces of the plurality of segments or balls being
extended against an interior surface of a circumscribing sidewall of the second example
embodiment of the disposable pipette tip resulting in a deformation of the interior surface and
with the distal elastomeric element in a final compressed and seated sealing state against a
sealing seat surface of the second example embodiment of the disposable pipette tip.

[001131 FIG. 103 is a fragmentary, longitudinal sectional, side elevational detailed view of
the rounded surface of one of the plurality of spherical balls of the pipette tip coupler device
being extended against and deforming the circumseribing sidewall of the second example
embodiment of the disposable pipette tip.

(001141 FIG. 104 is an upper fragmentary, longitudinal sectional, top and side perspective
view detailing an upper interior of a further example embodiment of a disposable pipette tip
comprising an interior axially upwardly facing shoulder seat surface having an axially
upwardly facing annular groove coaxially disposed around an interior axially upwardly
extending circumscribing rib.

[O011S5] FIG. 105 is a fragmentary, longitudinal sectional, side elevational view of the
further example embodiment of the disposable pipette tip comprising the interior axially
upwardly facing shoulder seat surface having the axially upwardly facing annular groove
coaxially disposed around the interior axially upwardly extending circumscribing rib having a
continues solid circumscribing cross section.

[00116] FIG. 106 is a fragmentary, longitudinal sectional, side elevational detailed view of
the further example embodiment of the disposable pipette tip illustrating detail of the axaally
upwardly facing annular groove coaxially disposed arcund the interior axially upwardly

extending circumscribing rib.
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1001171 FIG. 107 1s a fragmentary, longitudinal sectional, side elevational view of the third
example embodiment of the pipette tip coupler device operatively positioned in the further
example embodiment of the disposable pipette tip comprising the interior axially upwardly
extending circumscribing rib.

[00118] FIG. 108 is a fragmentary, longitudinal sectional, side elevational detailed view of a
distally facing axial stop shoulder surface of the third example embodiment of the pipette tip
coupler device abutting the interior axially upwardly extending circumscribing rib of the
further example embodiment of the disposable pipette tip.

1001191 FIG. 109 is an exploded parts perspective view of an example embodiment of an
internal seal pipette tip assembly comprising an tnternal seal pipette tip and an internal seal.
(00120} FIG. 110 1s an upper fragmentary, longitudinal sectional, side elevational view
detailing an upper interior of an example embodiment of the internal seal pipette tip
comprising an interior axially upwardly facing shoulder seat surface having an axially
upwardly facing annular groove coaxially disposed around an radially interior axially
upwardly extending circumscribing rib having a continues solid circumscribing cross section.
[00121] FIG. 111 is a fragmentary, longitudinal sectional, stde elevational detailed view of
an example embodiment of the internal seal pipette tip illustrating detail of the axially
upwardly facing annular groove coaxially disposed around the radially interior axially
upwardly extending circumscribing rib.

[00122] FIG. 112 1s a fragmentary, longitudinal sectional, side elevational view of an
example embodiment of the internal seal pipette tip assembly comprising the internal seal
disposed tn the axially upwardly facing annular groove.

[00123] FIG. 113 1s a fragmentary, longitudinal sectional, side elevational detailed view of

the internal seal disposed in the axially upwardly facing annular groove.
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1001241 FIG. 114 15 a fragmentary, longitudinal sectional, side elevational view of the third
example embodiment of the pipette tip coupler device positioned in and operatively coupled
to an example embodiment of the internal seal pipette tip assembly.

[00125] FIG. 115 is a fragmentary, longitudinal sectional, side elevational detatled view of a
distally facing axial stop shoulder surface of the third example embodiment of the pipette tip
compressing the internal seal disposed in the axially upwardly facing annular groove and
contacting the radially interior axially upwardly extending circumscribing rib disposed
coaxially within and radially adjacent to the axially upwardly facing annular groove.

[00126] Although wvarious example embodiments may be numbered herein, these
embodiments should not be limited by these terms. These terms are only used to distinguish

one embodiment from another. Additionally, these terms do not imply a sequence or order.

DETAILED DESCRIPTION
001271 For the purpose of illustrating the disclosure, there are shown in the drawings
embodiments that are presently preferred. These example embodiments will now be
described more fully with reference to the accompanying drawings wherein like reference
numerals are used to denote like parts or portions throughout the description of the several
views of the drawings.
[00128] Pipette Assembly with Pipette Tip Coupler and Disposable Pipette Tip
[00129] FIGS. 1 and 2 tllustrate an example embodiment of a pipette device assembly 10
comprising an example embodiment of a pipette device 20, an example embodiment of a
pipette tip coupler device 100, and an example embodiment of a disposable pipette tip 220
removably coupled to the pipette device 20 by way of the pipette tip coupler device 100,

[00130] Pipetie Device 20
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100131} Referring to FIG. 2, the pipette device 20 comprises a body 22 supporting an
asptrating and dispensing device 24 comprising a plunger 26 operatively coupled to and

o]
3

driven by a motor 28. The plunger 26 resides within a plunger cylinder 30 extending from a
distal or lower end 32 of the body 22 of the pipette device 20. Pipette device 20 further
comprises an aspirating and dispensing cylinder 34 that is at least partially disposed within
plunger cylinder 30 at a location axially aligned with and distally below the plunger 26. The
aspirating and dispensing cylinder 34 distally transitions into a distal mounting flange 36 for
attaching with the segment and seal pipette tip coupler device 100 that, in turn, removably
couples with the disposable pipette tip 220

001321 Referring to FIG. 3, the aspirating and dispensing cylinder 34 further comprises an
interior circumscribing side wall 38 that defines an open-ended pipette channel 40 extending
therethrough. The open ended pipette channel 40 longitudinally extends along a longitudinal
channel axis 80 of the pipette device assembly 10 between an open upper end portion 42 and
open lower end portion 44 of the aspirating and dispensing cylinder 34 for providing open
communication between plunger 26 and an exterior area adjacent distal mounting flange 36
(F1G. 2) wherein the distal mounting flange 36 is operatively connected to the pipette tip
coupler 100 comprising an open ended cvlindrically shaped central channel 150 extending
therethrough to provide open commination between the passage opening 238 of the tip 220
and the aspirating and dispensing cvlinder 34 via the pipette tip coupler 100.

[00133] Piston or Sgueeze Sleeve 46

1001341 Referring to FIGS. 3 and 4, the pipette device 20 further comprises a hollow piston
or squeeze sieeve 40 having a proximal or upper end 48 and a distal or lower end SO, The
squeeze sleeve 46 circumscribes both the plunger cylinder 30 and the aspirating and

dispensing cylinder 34 and is operatively coupled to a squeeze motor 52.
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1001351 As dlustrated in FIG. 4, the squeeze motor 52 of pipette device assembly 10 is
supported on the body 22 of the device 20 and is operatively coupled to and drives a lead
screw 54 that couples to an axially translating lead nut 56 that is operatively coupled to a
squeeze linkage 58  Additionally, the squeeze linkage 58 is operatively coupled to the
proximal or upper end 48 of squeeze sleeve 46 via squeeze linkage arm 60 such that rotation
of the squeeze motor 52 in a first direction results tn linear axial translation of squeeze sleeve
46 in a distal or vertically downward direction along longitudinal channel axis 80 to abut an
anpuiar wedge or squeeze ring 210 (FIG. 5) of the coupler 100 as described below.
Subsequent rotation of the squeeze motor 52 in a second or opposite direction results in linear
counter axial translation of the squeeze sleeve 46 in a proximal or vertically upward direction
opposite the distal or vertically downward direction along longitudinal channel axis 80.
[00136] Ejection Sleeve 62

100137} Referring to FIG. 4, the pipette device 20 further comprises an ejection sleeve 62
used 1o eject the disposable pipette tip 220 from the pipette device 20 wherein the gjection
sleeve 62 is axially movable relative to the aspirating and dispensing cylinder 34 (FIG. 2) and
comprises a proximal or upper end 64, a distal or lower end 66, and an ejection sigeve arm 68
attached at a first end to the ejection sleeve 62 adjacent upper end 64 and having an opposing
second end attached to a first end of a plunger device 70.

[00138] As illustrated in FIG 5, the plunger device 70 comprises an opposing end surface 72
abutting one end of an ejection sleeve spring 74 having an opposing spring end abutting
against an upper surface portion 76 of the body 22 of device 20 wherein the ejection sleeve
spring 74 is captured between the surfaces 72, 76 to be spring loaded to bias the plunger

device 70 and attached sleeve 62 in a typical pipette tip ejected state.
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1001391 FIG. 2 illustrates the retracted state of the gjection sleeve 62. The typical pipette tip
ejected state s configured to require a force, such as coupling to pipette tip 220, to overcome
the ejection sleeve spring force in order to axially push the ejection sleeve 62 to a retracted
state as illustrated in FIG. 2. Additionally, FIG. 2 tllustrates that the spring 74 circumscribes
a central spring guide member 78 for retaining the shape of the spring 74 and for prechude the
spring 74 from buckling.

[00140] Furthermore, the spring 74 is dimensioned in such a way that the force exerted on
the pipette tip 220 by sleeve 62 in the course of its relaxation is sufficient to assist in ejecting
the tip 220 from the pipette tip coupler 100,

(001411 It should be appreciated that the pipette tip coupler 100 (and coupler 1100 detailed
below) and the disposable pipette tip 220 can be practiced on other embodiments of pipette
devices wherein the embodiment of pipette device 20 1s provided by way of example only
and not limitation.

[00142] Pipette Tip Coupler 160

[00143] FIG. 5 illustrates an example embodiment of the segment and seal pipette tip
coupler device 100 interposed between the disposable pipette tip 220 and the air
displacement pipette device 20 of the air displacement pipette device assembly 10

(001441 As illustrated in FIGS. 5 through 7, the example embodiment of the segment and
seal pipette tip coupler device 100 is in the form of a ball pipette tip coupler device 100, In
particular, the pipette tip coupler 100 comprises a pipette tip coupler body 120 and a distal
stermn portion 138, a distal elastomeric element 160 carried on the distal stem portion 138, a
segment or ball coupling system 180 carried at a proximate or upper end portion of the
pipette tip coupler body 120 and comprising a plurality of circumtferentially spaced apart

spherical balls 200 and a segment or ball retainer 182 for retaining and allowing movement of
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the plurality of spaced apart spherical balls 200, and annular wedge or squeeze ring 210
surmounting the plurality of spherical balls 200.

[00145] Referring to FIGS. 6 and 7, and in one example embodiment, the pipette tip coupler
100 also comprises an elongated head or shank member 102 surmounting the pipetie tip
coupler body member 120, The pipette tip coupler 100 further comprises the plurality of
spherical balls 200 carried spaced apart circumferentially at a proximate or upper end portion
of the pipette tip coupler body 120 by the segment or ball retainer 182 and the lower or distal
elastomeric element 160 carried at a distal or lower end portion of the pipetie tip coupler
body 120. Moreover, the pipette tip coupler 100 comprises an annular wedge or squeeze ring
210 surmounting the plurality of spherical balls 200 carried by the segment or ball retainer
182 such that the plurality of spherical balls 200 are interposed between the pipette tip
coupler body 120 and the annular wedge squeeze ring 210 and radially moveable within the
segment or ball retainer 182 between a radially retracted position and a radially extended
position as a function of the axial location of the annular wedge or squeeze ring 210.

[00146] Shank Member 162

[00147] Referring to FIGS. 6 and 7, and in one example embodiment, shank member 102
comprises an annular proximal end face 104 defining a proximal or upper end face of the
pipette tip coupler 100. End face 104 comprises an outer periphery 106 that can be
chamfered and that transitions into elongated tubular body 108.

[00148] Distal from proximal end face 104, the elongated tubular body 108 transitions into
an annular tapered portion 110 that decreases in diameter and transitions into a cylindrical
neck portion 112, The cylindrical neck portion 112 distally transitions into a cylindrical
collar 114 that has a diameter greater than a diameter of the cylindrical neck portion 112.

The cylindrical collar 114 s distally followed by a second cvlindrical collar 116 that has a

-3
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diameter greater than a diameter of the cylindrical collar 114 and that surmounts an inner
portion of an upper circular body end surface 122 of the pipette tip coupler body 120. The
second cylindrical collar 116 is an annular spacer, which may be integrated with shank
member 102, Alternatively, the second cylindrical collar 116 may be replaced with a
separate, removable annular spacer.

(001491 Pipette Tip Coupler Body 120 and Distal Stem Portion 138

(00150} Asillustrated in FIG. 7, the pipette tip coupler body 120 comprises the superior or
upper end surface 122 that radially and outwardly extends from the distal end of the second
cylindrical collar 116 and transitions into an outer peripheral edge 124 that is rounded. In
one example embodiment, the upper circular body end surface 122 is a substantially planar
surface that radially outwardly extends from the distal end of the second cylindrical collar
116 to the outer peripheral edge 124

[00151] Additionally, coupler body 120 comprises a multi-cylindrical section comprising a
first cylindrical or stop disk portion 130 that distally extends axially away from upper end
surface 122 and that is distally followed by a second cylindrical portion 132 that is reduced in
diameter for forming a distally or downwardly facing axial shoulder surface or stop shoulder
surface 134 between the adjoining first and second cylindrical portions 130, 132

F001521 As illustrated in FIG. 7, the second cylindrical portion 132 distally extends from the
stop shoulder surface 134 to a distally lower surface 136 that radially inwardly transitions
inte a reduced diameter distal cylindrical stem portion 138 that terminates to a radially
outwardly extending upper surface 140 of an end plate 142 that is generally round. The end
plate 142 comprises a rounded peripheral edge that provides a circumferential rounded

transition between the upper surface 140 of the end plate 142 and a lower generally planar
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surface 144 of end plate 142 defining the distal end face of the pipette tip coupler body 120 of
pipette tip coupler 100

[00153] As illustrated in FIGS. 6 and 7, and as noted above, the second cylindrical portion
132 is reduced in diameter relative to the first cvlindrical portion 130, Thus, the first
cylindrical portion 130 has a first diameter that is greater than a second diameter of the
second cylindrical portion 132 for forming the distally facing axial shoulder surface or stop
shoulder surface 134 between the first and second cylindrical portions 130, 132.

[00154] Furthermore, the second diameter of the second cylindrical portion 132 s greater
than a diameter of the end plate 142, In turn, a diameter of the distal cylindrical stem portion
138 1s less than both the second diameter of the second cylindrical portion 132 and the
diameter of the end plate 142 for defining a lower, distal groove 146 between the second
cylindrical portion 132 and the end plate 142, In one example embodiment, the first and
second cylindrical head portions 130 and 132 respectively comprise generally smooth
exterior ¢ylindrical surfaces and the distal cylindrical stem portion comprises a generally
smooth exterior cylindrical or groove surface.

[00155] Referring to FIGS. 7 and 13, the pipette tip coupler 100 further comprises an open
ended, interior cylindrical channel surface 148 that defines an open ended cylindrically
shaped central channel 150 that runs along the longitudinal central axis 101 of the pipette tip
coupler 100 from the annular proximal or upper end face 104 defining the proximal end face
of the pipette tip coupler 100 to the lower generally planar surface 144 defining the distal end
face of the pipette tip coupler 100. The open ended cylindrically shaped central channel 150
provides open communication between the aspirating and dispensing cylinder 34 (FIG. 3) and
the pipette tip 220 wherein the aspirating and dispensing cylinder 34 is also i open

communication with the aspirating and dispensing plunger 26 (FIG. 3},
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[00156] Distal or Lower Elastomeric Element 160

[001571 Referring to FIGS. 6 and 7, and as noted above, the pipette tip coupler 100
comprises the ball coupling system 180 carried at the upper end portion of coupler body 120
and the lower or distal elastomeric element 160 carried at the lower end portion of coupler
body 120 axially distally spaced from the ball coupling system 180 by way of the distal
cylindrical stem portion 138,

[00158] Referring to FIG. 8, and in one example embodiment, the lower elastomeric element
160 comprises an annular body 162 having an interior surface 164 defining a central opening
166, The lower elastomeric element 160 further comprises a top surface 168, a peripheral
exterior surface 170, and a bottom surface 172, In a relaxed or unsqueezed state, the lower
elastomeric element 160 comprises a circumferentially continuous, generally circular cross
section area 174 as is illustrated in FIG. 13, Alternatively, the elastomeric element may have
a rectangular, X-shaped, square-shaped, or other cross sectional area.

[001591 Referring to FIGS. 7 and &, the central opening 166 of the lower elastomeric
element 160 is dimensioned to tightly circumscribe the distal cylindrical stem portion 138 of
the pipette tip coupler 100 between the distally lower surface 136 of the second cylindrical
portion 132 and the upper surface 140 of the end plate 142 of the pipette tip coupler body
member 120 wherein the surfaces 136,140 are in the form of, but not limited to, a planar,
conical or concave configuration.

100160} Segment or Ball Coupling System 180

1001611 Referring to FIG. 6, and in one example embodiment, the segment or ball coupling
systemy 180 comprises an anunular crown shaped raceway 182 comprising a plurality of
circumferentially spaced apart guide sockets or surfaces 192 each carrving one of a plurality

of segments or spherical balls 200.
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100162} Referring to FIG. 9, the annular crown shaped raceway 182 comprises an annular
base 184 having an interior surface 186 defining a central opening 188, an upper surface 190
configured with the plurality of circumterentially spaced apart guide sockets 192 with each
adjacent pair of guide sockets 192 separated by one of a plurality of intervening fingers 194.
The annular crown shaped raceway 182 further comprises a peripheral exterior surface 196
and a bottom surface 198

[00163] Referring to FIG. 10, the segment or ball retainer 182 surmounts body 120 by
having a seating abutment of at Jeast the bottom surface 198 of the anmular crown shaped
raceway 182 with the upper end surface 122 (FIG. 7) of the stop disk portion 130 of the
pipette tip coupler body 120 wherein gach of the plurality of segments or spherical balls 200
is disposed in a different one of the plurality of the circumferentially spaced apart guide
sockets 192,

[00164] As illustrated in FIG. 11, the spherical balls 200 are captured vertically by a pair of
opposed inwardly projecting stakes 202 disposed at the upper most portion of a plurality of
adjacent pairs of the plurality of intervening fingers 194 of the annular crown shaped raceway
body 182. Additionally, each of the spaced apart guide sockets 192 comprises a grooved or
concaved socket seat having an outer sidewall radius 204 that capture the balls horizontally
along with width dimensions of the U-shaped ball openings defined by the spaced apart guide
sockets 192 and intervening fingers 194, The spaced apart guide sockets 192 are configured
for carrying radially advancing and retracting balls on the guide sockets 192 for attachment
and detachment of the tip 220.

[001651 Accordingly, and with reference to FIGS. 10 and 11, the segment or ball coupling
system 180, comprising the raceway 182 and the plurality of spherical balls 200, disposed on

the upper end surface 122 of the stop disk portion 130 of the vipette tip coupler bodv 120
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retains the plurality of spherical balls or segments and allows movement of the spherical balls
or segments between extended and retracted position. The segment or ball coupling system
180 may be operatively fitted on or integrally formed operatively with upper end surface 122
of the stop disk portion 130 of the pipette tip coupler body 120,

[00166] Annular Wedge or Squeeze Ring 2190

[00167] Referring to FIG. 12 and 13, an embodiment of the pipette tip coupler 100
comprises the annular wedge or squeeze ring 210, Squeeze ring 210 comprises a restlient
wedge shaped annular body 211 having a circumferentially continuous, generally wedge
shaped or triangular shaped cross section 212 with a radially extending annular lip 218 as
ltustrated in FIG. 13, Asillustrated in FIG. 12, annular body 211 comprises a central interior
annular surface 213 defining a central annular opening 214 extending through the annular
body 211, Furthermore, wedge shaped annular body 211 comprises a top planar circular
surface 215 radially outwardly extending from the central interior annular surface 213 to a
circumscribing outer edge surface 216, Moreover, wedge shaped annular body 211
comprises a radially outwardly proximally inclined side surface 217 radially upwardly
tapering from a bottom annular end 219 to an underside of annular peripheral lip 218 (FIG.
13} that radially extends cutwardly and terminates to circumscribing outer edge surface 216,
(001681 As illustrated in FIG. 13, the central annular opening 214 of the annular wedge or
squeeze ring 210 1s dimensioned to allow passage of the shank member 102 so as to allow a
seating abutment of radially outwardly proximally inclined side surtace 217 of the annular
wedge or squeeze ring 210 with, as iHlustrated in FIG. 6, the plurality of segments or spherical
balls 200 of the segment or ball coupling system 180 carried on the upper end surface 122

(FIG. 7) of the stop disk portion 130 of the pipette tip coupler 100.
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[00169] Referring to FIG. 13, the shank member 102 of the pipette tip coupler 100 is
configured to fit within the distal mounting flange 36 of the aspirating and dispensing
cylinder 34 (FIG. 2} for operatively coupling the pipette tip coupler 100 to the pipette device
20 of the pipetie device assembly 10 and aligning axis 101 (FIG. 6) of the coupler 100 with
axis 98 (FIG. 14) of the pipette device 20. In one embodiment, the elongated tubular body
108 of the shank member 102 is externally threaded to mount, or screw, into distal mounting
flange 36 that has mating internal threads.

[00170] Actuation of Squeeze Motor

[00171] With the pipette tip coupler 100 fitted within the distal mounting flange 36 as
iltustrated in FIG. 13, the top planar circular surface 215 of the annular wedge or sqgueeze ring
210 15 adjacent the distal end SO of the squeeze sleeve 46. Accordingly, actuation of the
squeeze motor 52 (FIG. 1) in the first direction results in linear axial translation of the
squeeze sleeve 40 1o a distal or vertically downward direction for applying a force axially on
the top surface 215 of the annular wedge squeeze ring 210 via a liquid level detection (LLD)
circutt ring end 366 detailed below for forcing the wedge shaped bottom 217 to push
uniformly against the inner surfaces of plurality of spherical ballis 200 for pushing them
radially out and into a groove 246 (FIG. 16} of the disposable pipette tip 220 and into contact
with surface 244 (FIG. 16) as exemplified in FIG. 23 described below,

[00172] Subsequent actuation of the squeeze motor 52 (FIG. 1) in a second direction,
opposite the distal or vertically downward direction, returns the distal end 50 of the squeeze
sleeve 46 to a home position as illustrated in FIG. 13 such that the annular wedge or squeeze
ring 210 axially slides up thereby allowing the plurality of segments or spherical balls 200 to
freely radially refract on respective spaced apart grooved or concave guide sockets 192 (FIG.

11} from the groove 246 (FIG. 16) of the disposable pipette tip 220 (FIG. 16). Thus. when
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the eject sleeve 62 (FIG. 13) pushes on the tip 220 (FIG. 16), the surface 244 (FIG. 16) of the
groove 246 and the interior circumferential surface axially above the groove 246 push upon
contact of the segments or spherical balls 200 thereby causing the segments or spherical balls
200 to retract.

[00173] Pipette Tip 220

(001741 As illustrated in FIGS. 2 and 14, and as noted above, the pipette tip coupler 100
provides an open communication coupling between the disposable pipette tip 220 and the
pipette device 20 of the pipette device assembly 10,

1001751 Referring to FIGS. 14 through 16, and in one example embodiment, the disposable
pipette tip 220 comprises an elongated tubular pipette tip body 222 having a central
longitudinal axis 224. Pipette tip body 222 comprises an elongated circumscribing sidewall
226 longitudinally extending along the central longitudinal axis 224 between a proximal or
upper annular end face 228 and a distal or lower annular end face 230 defining
circumscribing open proximal and distal annular ends 232 and 234 respectively. The
elongated circumscribing sidewall 226 comprises an interior surface 236 defining a pipette
tip passage opening 238 extending longitudinally along the central longitudinal axis 224 of
the pipette tip body 222 between the open upper annular end 232 and the open lower annular
end 234,

[00176] Accordingly, the pipette tip passage opening 238 provides open communication

from an area exterior to the open distal annular end 234 (FIG. 16}, through the pipette tip
220, and to the pipette device channel 40 by way of the central channel 150 of the pipette tip

coupler 100 (FIG. 3) when the pipette tip coupler 100 is coupled between the pipette device

20 and the pipette tip 220. In this coupling configuration, the central longitudinal axis 224 of
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the pipette tip body 222 is coextensive with the longitudinal channel axis 80 of the pipette
device 20.

[00177] First Interior Surface Section

[00178] Referring to FIG. 16, and tn one example embodiment, the interior surface 236 of
the elongated circumscribing sidewall 226 comprises an uppermost annular chamfered
interior surface 240 that distally extends radially inward from the proximal annular end face
228 of the pipette tip 220 and terminates by transitioning into a first substantially cvlindrical
interior surface section 242 having a first diameter.

[00179] Axially Arcuate Circumferential Surface Defining a Groove

[00180] As illustrated in FIG. 16, and in one example embodiment, the first substantially
cylindrical interior surface section 242 comprises an axially arcuate circumferential interior
surface 244 formed into the elongated circumseribing sidewall 226 defining a circumferential
annular groove 246. Annular groove 246 divides the first substantially cylindrical interior
surface section 242 into an upper first substantially cylindrical interior surface portion and a
tower first substantially cylindrical interior surface portion of substantially equal diameter.
Accordingly, the annular groove 246 provides a circumferential radially outwardly extending
concavity shaped interior surface interruption of the first substantially cylindrical interior
surface section 242 with an arcuate surface longitudinal cross section. The arcuate
circumferential interior surface 244 is also configured in alternative surface cross sections as
discussed below. And in one embodiment, the first substantially cylindrical interior surface
section 242 is devoid of arcuate circumferential interior surface 244 defining the
circumterential annular groove 246 as discussed below.

[00181] Referring to FIGS. 16 and 17, the axially arcuate circumferential interior surface

244 defining the annular groove 246 comprises an upper annular transition edee 248 distallv
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transitioning into an upper axially arcuate circumferential surface sector portion 250 of the
axially arcuate circumferential interior surface 244. In succession, the upper axially arcuate
circumferential surface sector portion 250 distally transitions into a lower axially arcuate
circumferential surface sector portion 252 of the axially arcuate circumferential surface 244
Then, lower axially arcuate circumferential surface sector portion 252 terminates to a lower
annular transition edge 254

[00182] The upper axially arcuate circumferential surface sector portion or upper portion
250 provides the annular groove 246 with an increasing radius relative to the central
fongitudinal axis 224 of the pipette tip 220 from the upper annular transition edge 248 10 a
maximum radius of the annular groove 246 relative to the central longitudinal axis 224 that
defines a circumferential annular center of the annular groove 246

[00183] The lower axially arcuate circumferential surface sector portion or lower portion
252 provides the annular groove 246 with a decreasing radius relative to the central
jongitudinal axis 224 of the pipette tip 220 from the maximum radius defining the
circumterential annular center of the of the annular groove 246 to the lower annular transition
edge 254

[00184] Second Interior Surface Section and Annular Shoulder Stop Surface

[00185] As illustrated in FIG. 16, the first substantially cylindrical interior surface section
242 1s axially distally proceeded by a second substantially cylindrical interior surface section
262 having a second diameter less than the first diameter of the first substantially cylindrical
interior surface section 242 for forming a proximally facing, radially inwardly extending
annular shoulder seat surface or axial stop surface 260 interposed between the first and

second substantially cylindrical interior surface sections 242, 262,
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[00186] In one example embodiment, the proximally facing axial stop surface 260 is
substantially planar and generally perpendicular to the central longitudinal axis 224 of the
pipette tip body 222

[00187] Third Interior Surface Section and Sealing Seat

[00188] As illustrated in FIG. 17, the second substantially cylindrical interior surface section
262 is axially distally proceeded by a third substantially cylindrical interior surface section
272 having a third diameter less than the second diameter of section 262.

[00189] Interposed between the second section 262 and the third section 272 is a
frustoconical annular sealing seat or stop surface 270 defining a circumferential radially
inwardly angled and distally extending distal working surface 270 as illustrated in FIG. 17,
The frustoconical annular sealing seat surface 270 comprises an upper annular sealing seat
edge 266 defining an annular border between the second substantially cylindrical interior
surface section 262 and the frustoconical annular sealing seat surface 270,

(001901 In addition, the frustoconical annular sealing seat surface 270 comprises a lower
annular sealing seat edge 268 defining an annular boarder between the frustoconical annular
sealing seat surface 270 and the third interior surface section 272 wherein a diameter of the
upper annular sealing seat edge 266 is greater than a diameter of the lower annular sealing
seat edge 268,

[00191] Accordingly, the frustoconical annular sealing seat surface 270 defines the
circumferenttal radially inwardly angled and distally extending distal working surface,
abutment, or sealing seat surface 270 interposed between the second substantially cylindrical
interior surface section 262 and the third substantially cylindrical interior surface section 272,
[00192] As illustrated, the sealing seat surface 270 is disposed at an acute angle relative to

the central fongitudinal axis 224 wherein the acute angle defines an acute sealing seat surface

N
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angle relative to the central longitudinal axis 224. In one embodiment, the preferred acute
sealing seat surface angle relative to the central longitudinal axis 224 is about 15 degrees to
about 35 degrees with a preferred angle of about twenty-tive degrees.

[00193] In one alternative embodiment, the sealing seat surface 270 is provided with an
alternative sealing seat surface angle of substantially ninety degrees relative to the central
jongitudinal axis of the pipette tip. This embodiment is iltustrated in FIG. 76 wherein the
sealing seat surface angle of an alternative sealing seat surface 2270 relative to the central
longitudinal Z-axis is substantially 90 degrees.

[00194] Lower Interior Surface Portion

(001951 FIG. 16 further illustrates that in succession to the third substantially cylindrical
interior surface section 272 is a fourth interior surface section 274 that is distally followed by
a fifth interior surface section 275,

[00196] In one example embodiment, the fourth interior surface section 274 distally tapers
or decreases in diameter from a distal anoular end 276 of the third substantially cylindrical
interior surface section 272 to a proximal annular end 278 of the fifth interior surface section
275, In turn, the fifth interior surface section 275 distally tapers or decreases in diameter
from the proximal annular end 278 of the fifth interior surface section 275 to the open distal
annular end 234 of the pipette tip 220 that ts intended for immersion. Additionally, and in
one example embodiment, the fitth interior surface section 275 has a greater taper than the
fourth interior surface section 274.

[00197] External Longitudinal Ribs

(00198} Referring to FIG. 15, and in one example embodiment, of the pipette tip 220
comprises a plurality of circumferential spaced apart longitudinally extending external ribs

280 disposed on the tubular pipetie tip body 222 adjacent to the peripherv of the proximal
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annular end face 228 and longitudinally extending externally therefrom to an exterior area of
the circumscribing sidewall 226 that is adjacent to the third substantially cylindrical intertor
surface section 272 as illustrated in FIG. 16.

[00199] In one example embodiment, and as illustrated in FIG. 15, the plurality of
circumferential spaced apart longitudinally extending external ribs 280 may be utilized to
provide support for the pipetie tip 220 on or in a support surface 282 that the pipette body
222 has passed through via, for example, a support surface aperture opening 284, One
example embodiment of the support surface 282 can be in the form of, but not limited to, lab
ware in the form of a tip rack as is known 1n the art, and informed by the present disclosure.
[00200] Automated Pipetting Workstation or System

[00201] Referring to FIGS. 1 and 18, and in one example of use and operation, one or more
of the pipette device assemblies 10 is employed in an automated pipetting workstation or
system 300 that generally provides, but is not limited to, programmed transfers of liquid
between contatners that comprises mounting and ejection processes of one or more
disposable pipette tips 220 to the pipetie tip coupler 100 operatively carried by the pipette
device 20 for carrying out, for example, the programmed transfers of liquid between
containers.

002021 In one example embodiment, the automated pipetting workstation 300 generally
comprises a robotic gantry 302 that carries at least one pipette device assembly 10 vertically
above a horizontally disposed workstation deck 304. The pipette device assembly 10 can
comprise a single channel pipetting head or a multi-channel pipetting head.

002031 Additionally, the robotic gantry 302 typically provides two or three degrees of
freedom wherein three degrees of freedom comprises longitudinal translation along an axis

defining an X-axis, latitudinal translation along an axis defining a Y-axis. and vertical (up
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and down) translation along an axis defining a Z-axis so that the pipette device assembly 10
can move along the length (X-axis) and width (Y-axis) of the deck and vertically up and
down (Z-axis) relative thereto. With two degrees of freedom, the robotic gantry is typically
provided with the ability to translate the pipette device assembly 10 vertically and either
fongitudinally or laterally.

(002041 In one example embodiment, the automated pipetting workstation 300 further
comprises a main controller 306, a pipette axis controller 308, and a power supply 310 that
provides power for the main controller 306, the pipette axis controller 308, and the pipette
device assembly 10.

(002051 Additionally, and in one example embodiment, a computer/controller 320 can also
be employed with the workstation 300 and communicate with the main controller 306 and the
pipette axis controller 308 for controlling the robotic gantry 302 and pipette device assembly
10 including the associated process protocols of the pipette device assembly 10 such as the
disposable pipette tip 220 attaching and ejection {coupling and decoupling} processes detailed
below.

[00206] In one example embodiment, the computer/controller 320 typically comprises a
processor device or central processing unit (CPU) 322, a hardware read only memory device
{ROM) 324, a hardware main memory device (RAM) 326, a hardware storage memory 328
comprising a non-transitory computer readable medium or memory 330 having an operating
system 332 and software 334 such as user defined processes 336 for the pipette device
assembly 10 stored thereby, a user display 338, a user input device 340, an input interface
342, an output interface 344, a communication interface device 346, and a system bus 348
that comprises one or more conductor or communication paths that pernit communication

among the devices of the computer/controlier 320. Comouter/controlier 320 mav also be
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operatively couple to LAN and/or server 350, A power supply 352 provides power for the
computer/controller 320.

[00207] Examples of the above delineated automated pipetting workstation 300 including
software are presently manufactured and sold by Hamilton Company, the assignee of the
present patent application, located at 4970 Energy Way, Reno, Nevada 89502, United States
of America.

[00208] Pipette Tip Pickup Process with Pipette Tip Coupler 160

(002091 FIGS. 19 through 25 ilustrate details of an example embodiment of successive
stages of a pipette tip pickup process and, in particular, a method of securing attachment of
the pipette tip 220 to the pipette tip coupler 100 operatively carried by the pipette device 20.
As noted above, and in one example embodiment, the pipette tip 220 may be supported by
the support surface 282,

100210} As ilustrated in FIG. 19, the pipette tip coupler 100 is connected to the pipette
device 20, and upon command, the pipetie tip coupler 100 is positioned over the open
proximal end 232 of the pipette tip 220 wherein each of their respective central longitudinal
axes is aligned along the Z-axis. The eject sleeve 62 is in the eject position, the squeeze
sleeve 46 1s in the unsqueezed position, the segment or ball coupling system 180 is in the
relaxed state, and the distal G-ring 160 is in the unsgueezed state.

[00211] Next, FIG. 20 illustrates the pipetie tip coupler 100 being moved down along the Z-
axis into the pipette tip 220 for lowering the distal, elastomeric carrying portion of the pipette
tip coupler 100 to pass into the interior cylindrical proximal end portions of the pipette tip
220 to bring the pharality of segments or spherical balls 200 into contact with the chamfered

interior surface 240 of the tip 220 tip while maintaining the distal O-ring 160 in the
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unsqueezed state and before the annular shoulder seat or stop surface 260 of the pipette tip
220 and the axial stop shoulder surface 134 of the stop disk 130 are mated.

[00212] Next, FIG. 21 illustrates the pipetie tip coupler 100 being moved down along the Z-
axts and the squeeze sleeve 46 being moved down along the Z-axis into contact with the
annular wedge squeeze ring 210 that surmounts the plurality of spherical balls 200 for
fowering the distal elastomeric carrying portion of the pipette tip coupler 100 to pass into the
interior cylindrical proximal end portions of the pipette tip 220 to bring the distal O-ring 160
into contact with the tip annular sealing seat or stop surface 270 while maintaining the
plurality of spherical balls 200 in the unsqueezed state and betore the annular shoulder seat or
stop surface 260 of the pipette tip 220 and the axial stop shoulder surface 134 of the stop disk
130 are mated such that a gap 298 is maintained between the annular shoulder seat or stop
surface 260 of the pipette tip 220 and the axial stop shoulder surface 134 of the stop disk 130,
[00213] Next, FIG. 22 illustrates the squeeze sleeve 46 being moved further down along the
Z-axis for pushing against the LLD circuit ring end 366 that makes contacts with and pushes
against the annular wedge squeeze ring 210 that pushes down onto the plurality of spherical
balls 200 for starting the process of squeezing or pushing the spherical balls 200 into the
groove 246 and mitially into abutment with the upper axially arcuate circumferential surface
sector portion 250 (FIG. 17) of the axially arcuate circumferential interior surface 244 (FIG.
16) defining the groove 246 wherein the action of the plurality of spherical balls 200
extending or being projected into the groove 246 causes an axial upward force that pulls the
pipette tip 220 axially up.

(002141 As a result, and referring to FIGS. 21 and 22, this starts a process of seating the
proximally or upwardly facing annular shoulder seat surface 260 of the pipette tip 220 with

the distally or downwardly facing axial stop shoulder surface 134 of the stop disk 130 for
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closing the gap 298 and concurrently compressing the distal or lower O-ring 160 with the
sealing seat or stop surface 270 of the tip 220.

[00215] FIG. 23 illustrates the squeeze sleeve 46 being moved down along the Z-axis a pre-
calibrated or predetermined length until it 15 locked in position resulting in the annular wedge
or squeeze ring 210 being stopped and locked in position by the squeeze sleeve 46, As a
result, the spherical balls 200 are radially extended to a desired distance or value (FI(G. 24)
for fully seating the axial stop shoulder surface 134 of the pipette tip coupler 100 against the
annular shoulder seat surface 260 of the pipette tip 220 with the seating of the two surfaces
134, 260 along the X-axis (FIG. 19} substantially perpendicular to the Z-axis (FIG. 19) for
forming a normal datum between the two axis while the distal G-ring 160 is compressed to a
desired distance or value (FIG. 25) for seating the distal O-ring 160 with the annular sealing
seat or stop surface 270 of the tip 220 such that tis cross-section is in its final compressed
non-circular form thereby completing the coupling of the pipette tip coupler 100 with the
pipette tip 220.

[00216] Upon completion of the securing attachment process as illustrated in FIG. 23, the
segment or ball coupling system 180 and the distal elastomeric element 160 work in
combination to produce a segment and seal coupling between tip 220 and coupler 100 that
provides a fluid-tight seal wherein the plurality of spherical balls 200 are at least partially
received within the circumferential groove 246 and at least partially seated on the
circumferential arcuate interior surface 244 defining the circumferential groove 246 and
wherein the distal elastomeric element 160 seals against the radially inwardly angled and
distally extending surface 270 of the pipette tip 220 in a storage state of elastic potential

energy.
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1002171 In one aspect, and referring to FIGS. 19 through 25, the segment or ball coupling
system: 180 comprises the peripheral circumferentially spaced apart guide sockets 192 (FIG.
9) configured for carrving radially advancing and refracting balls for attachment and
detachment of the tip 220 wherein the balls move radially outward to engage the
circumferential groove 246 of the tip 220 for coupling and wherein the balls move radially
inward for releasing the tip 220 as a function of axial movement of the annular wedge or
squeeze ring 210, In particular, movement of the annular wedge or squeeze ring 210 axially
downwards results in the plurality of spherical balls 200 being urged to a radially outward
position and release of pressure on the annular wedge or squeeze ring 210 resulis in a release
of the plurality of spherical balls 200 from the radially outward position whereby the plurality
of spherical balls 200 are free to move radially inward.

[00218] In another aspect, the rigidity of the plurality of spherical balls 200 provides a more
rigid coupling for providing a stiffer joint between the pipette tip 220 and coupler 100.
Furthermore, the nigidity and rotatability of the plurality of spherical balls 200 provides
contacts of the balls with the interior of the disposable pipette tip 220 to be largely rolling
contacts thereby precluding wear and increasing coupler life.

[00219] Disposable Pipette Tip Ejection Process

(002201 FIGS. 19 through 25 illustrate, in reverse, details of successive stages of an example
method or process of gjecting the pipette tip 220 from the pipette tip coupler 100 operatively
carried by the pipette device 20, This tip ejection process sequence is similar to the
attachment or tip pickup securing process sequence except in reverse. Also, as described
below and illustrated in FIG. 28, a distal O-ring axial force component of the compressed

distal O-ring 160 provides a force to help remove the tip 220 during the ejection process.
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[00221] In one example embodiment, and referring to FIGS. 19 through 25, the e¢jection
process comprises the steps of: (1) positioning the tip where it is to be discarded, such as a
waste container; {2) moving the squeeze sleeve 46 upward wherein force is released from the
annular wedge or squeeze ring 210 and, as a result, this force is also released from the
plurality of spherical balls 200 so as to allow retraction from the groove 246 in the tip 220 by
moving on the respective plurality of circumferentially spaced apart guide sockets 192, the
distal O-ring 160 starts to release stored elastic potential energy as a force against the tip 220,
and wherein the spring loaded eject sleeve 62 also pushes against the tip 220 to push it off
such that the tip begins to release from the plurality of spherical balls 200 and coupler body
member 120; (3) continue moving the squeeze sleeve 46 upward wherein the plurality of
spherical balls 200 continue to retract from the groove 246 in the tip 220 and wherein the
distal O-ring 160 and the spring loaded eject sleeve 62 pushes against the tip 220 to push it
off wherein the tip 220 continues to release from the plurality of spherical balls 200 and the
coupler body member 120; (4} continue moving the squeeze sleeve 46 to its up most position
wherein the spherical balls 200 return to their original free position and are completely free of
the groove 246 in the tip 220 and wherein the distal O-ring 160 returns to its onginal shape
and the spring loaded eject sleeve 62 pushes against the tip 220 until the tip is pushed off of
the coupler body member 120 by the spring loaded eject sleeve 62 and the spring loaded eject
sleeve 62 becomes fully extended.

(002221 In hight of the foregoing, those skilled in the art will appreciate that the above
described tip mounting and ejection processes are applicable to a wide range of mechanically
and/or automatically driven pipette types and designs.

[00223] Coupling and Ejection Forces
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100224} FIG. 26 illustrates a diagrammatical vector diagram of the plurality of spherical
balls 200 of the pipette tip coupler 100 nitially extending into the groove 246 with the
plurality of spherical balls 200 contacting the upper corner of the tip groove above the center
of the ball resulting in an axial upward force pulling the pipette tip 220 upward.  As
illustrated in FIG. 26, the ball force (Fball resultant) for each ball is comprised of two
componenis: an axial force (Fball axial) component and a radial force (Fball radial)
component.

002251 As long as the plurality of spherical balls 200 are contacting the upper comer of the
tip groove above the center of the ball, Fbhall axial increases as the distance between the ball
center and corner of the groove increases. Accordingly, at the beginning of the tip pickup
process, the ball axial force (Fball axial) starts out low as llustrated in FIG. 26 and, in detail
in FIG. 27, and increases to its maximum at the end of the tip pickup process as illustrated in
FIG. 28

(00226} Referring to FIG. 27, the ratio of Z/R equals SIN (®} and SIN {(®) is equal to
(Fball axial)/(Fball resultant). As a result, (Fhall axial) 1s equal to (Fball resultant)
multiplied by the ratio of Z/R. From this, the result 13 that (Fball axial} increases as 7
INcreases.

002271 Referring to FIG. 28, the ball axial force (Fball axial) seats the stop disk 130
against the tip 220 and provides the force required to overcome an O-ring axial force
(Fdistal ring axial) and compress the distal O-ring 160, The O-ring 160 has an O-ring force
(Fdistal ring resultant) that results from being compressed and this O-ring force comprises
two components: an axial component (Fdistal ring axial) and a radial component
(Fdistal ring radial). Additionally, the ball radial torce (Fball radial) provides the radial

force needed to lock the ball 200 into the tip groove 246 (FIG. 27) and the distal O-ring radial
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force component (Fdistal ring radial} provides the radial force needed to maintain the seal
against the tip. Furthermore, the ball to tip groove geometry that causes Fball axial to
increase as the ball enters the groove (increasing dimension Z) helps to overcome the O-ring
axtal force (Fdistal ring_axial) so that the distal O-ring 160 can be completely compressed to
provides force to help remove the tip 220 during the ejection process.

[00228] Alignment/Misalignment

[00229] Referring to FIGS. 26 through 30, the axial shoulder surface 134 of coupler body
member 120 and the axial shoulder seat 260 of tip 220 are important for correct tip
alignment. Accordingly, the coupler 100 and tip 220 are configured so that the plurality of
spherical balls 200 push the axial shoulder surface 134 and the axial shoulder seat 260
together to preclude misalignment because if the shoulders are not properly mated, especially
if they are tilted, the misalignment error (E) 1s significant as illustrated in FIGS. 29 and 30.
[00230] For example, and as illustrated 1in FIGS. 29 and 30, the relationship between the
misalignment angle (9}, the tip axial distance (D) and positional error (E} is: E=D * TAN
(). For example, with a misalignment angle (13} of two degrees and a tip axial distance of
ninety millimeters, the positional error (E) is 3.14 millimeters. This 1s considered to be very
high considering typical positional error tolerances are typically plus or mimus 0.5
millimeters.

[00231] FIG. 31 dlustrates corvect tip alignment that maintains a tip axial distance D
measured from the tip seat 260 to the distal end 230 constant to establish a known and
controlled distance of the pipette tip end 230 along the vertical or axial axis Z and a
perpendicular axis X illustrated in FIG. 28 This is important to allow the pipette device to

target small holes and small volumes of liquid.  Additionallv. smaller volumes of liquid can

-3
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be transferred resulting from the known fixed distance of the pipette tip allowing for a
controlled touch of the pipette tip/liquid to the working surface 290 onto or from which liquid
292 15 to be transferred.

[00232] Dimensions and Relationships

100233} For proper use and operation, and referring to FIGS. 6 through 17, the dimensions
between the coupler 100 and tip 220 are related accordingly. In particular, tip internal
diameters of first section 242 and second section 262 must be larger than the diameter of the
first cylindrical portion and the second cylindrical portion 130, 132 respectively. However,
they must not be too much bigger, as this may result in a poor fit and/or misalignment.
(002341 Additionally, the diameter of tip groove 246 must be large enough to allow the
plurality of spherical balls 200 to pull the tip up adequately lock the tip 220 in place.
Conversely, if it 1s too big, the plurality of spherical balls 200 may not be able to be radially
extended or projected sufficiently to get a good lock and/or seal.

(002351 The dimension between tip seat 260 and an axial center of the groove 246 is
matched to the dimension between the stop disk seat 134 and the location of the center of one
of the plurality of balls 200 as, for example, iHustrated in FIG. 28 for providing proper
coupling between the tip 220 and coupler 100,

{00236 The tip seat 260 to distal O-ring seal land 270 dimensions must maich the stop disk
seat 134 to distal O-ring groove 146 dimension. These dimensions control the amount that
the distal O-ring 160 1s compressed, and thus how well it seals.

1002371 Referring to FIGS. 28 and 31, the tip seat 260 to distal end 230 axial dimension D
along with the mating of the coupling seats establish a known and conirolled distance of the
pipette tip end 230 along the vertical or axial axis Z and the perpendicular axis X This is

important to allow the pipette device to target small holes and small volumes of laud.
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Additionally, smaller volumes of liquid can be transferred resulting from the known fixed
distance of the pipetie tip allowing for a controlled touch of the pipette tip/liquid to the
working surface 290 onto or from which liquid 292 is to be transferred. As illustrated, in
Fi(z. 28 the fully mated tip and stop disk seating/coupling surfaces 134, 260 provide proper
alignment and maintain the tip axial distance D.

[00238] Liguid Level Detection (LLD) Circuit Contacts

[00239] Referring to FIG. 32, and in one example embodiment, the pipette device assembly
10 further comprises a liquid level detection circuit assembly. The liquid level detection
circuit assembly comprises a liquid level detection or LLD circuit board 360 comprising
processing circuitry 362 electrically coupled to a LLD circuit contact 364 operatively coupled
to the squeeze sleeve 46 that is made from an electrically non-conducting material so it is
insulated from the rest of the assembly and wherein the contact 364 terminates to a circuit
contact ring end 366 recessed in the bottom area of the squeeze sleeve 46 that 1s configured
for selectively contacting the circuit contact ring end 366 with annular wedge 210 between
the non-contact state illustrated in FIG. 19 and the contact state illustrated in FIG. 23 and
therefore in contact with the plurality of conductive segments or spherical balls 200 coupling
with the interior first working surface of tip 220 such as the tip groove 246 of the 1ip 220, As
a result, this completes the circuit between the processing circuitry 362 of the LLD circuit
board 360 and the tip 220.

002401 Additionally, the stop disk mounting post or distal mounting flange 36 is made from
a non-conducting material. Therefore, the body member 120 and the ball coupling system
180 are insulated from the rest of the assembly.

[00241] Furthermore, the processing circuitry 362 of the LLD circuit board 360 detects a

signal change when the tip 220 contacts liquid thereby having an abilitv to detect a surface of
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a liquid being transferred or a surface onto or from which liquid is being transterred.  Again,
actuation occurs when the coupler 100 is attached to the tip 220 and the plurality of spherical
balls 200 are radially pushed circumterentially and locked into the tip groove of the tip 220.
[00242] Alternate Embodiments

1002431 FIGS. 33 through 36 illustrate assembly perspective views of a ball coupling system
400 that 1s an alternate example embodiment of the ball coupling system 180 (FIG. 6} for
substitute use. In one embodiment, the ball coupling system 400 comprises a ring-shaped
raceway body 402 comprising a plurality of circumferentially spaced apart guide sockets or
surfaces 492 each radially movably carrying one of a plurality of segments or spherical balls
4310. The ring-shaped raceway body 402 further comprises a plurality of circumferentially
spaced apart circular ball openings 404 for receiving and retaining the respective plurality of
radially extended balls 410 therein wherein the balls 410 are captured by the circular ball
openings 404 and retaining stakes 406 as llustrated in detail in FIG. 36.

002441 FIGS. 37 through 40 illustrate assembly perspective views of a pipette tip coupler
500, that is an alternate example embodiment for substitute use of ball coupling system 180,
shank member 102, and body 120 illustrated in FIG. 6.

1002451 As illustrated in FIGS. 37 through 40, the pipette tip coupler 500 comprises a ring-
shaped raceway body member 502 comprising a plurality of circumferentially spaced apart
circular ball openings 504 receiving a plurality of balls 520 therein and captured by a press
fitted or adhered ball keeper retaining ring 506 as Hlustrated in detail in FIG. 40

[00246] The pipette tip coupler 500 further comprises an annular spacer 508 circumscribing
a shank portion 510 adjacent an upper surface 512 of a disk 514 and an annular magnet 516
surmounting the annular spacer S08 for pulling the plurality of balls 520 into the raceway

body member 502.



WO 2017/218050 PCT/US2017/015801

1002471 As illustrated, the body member 502 has a diameter greater than a diameter of the
disk 514 such that its bottom peripheral lip defines a distally facing axial shoulder surface or
stop shoulder surface 522 analogous to stop shoulder surface 134 (FIG. 6).

100248] Pipette Tip Coupler 760

1002491 Referring to FIGS. 41 and 42, a pipette tip coupler device 700 is illustrated that is
an alternate example embodiment of the pipette tip coupler 100 for alternative use wherein
the pipette tip coupler device 700 is configured to be coupled between the disposable pipette
tip 220 and the air displacement pipette device 20 of the air displacement pipette device
assembly 10 (FIG. 1) utilizing the coupling process detailed above. The pipetie tip coupler
700 comprises a central coupling member 702 that further comprises an elongated head or
shank member 704, a body member 706, and distal stem portion 708,  As illustrated, the
shank member 704 includes a top end 710 and a distal end that transitions into an upper
surface 712 of the body member 706, The body member 706 comprises a lower end that
transitions into the distal stem portion 708, The distal stem portion 708 terminates to an end
plate 714 that is generally round having a bottom end surtace 716.

002501 In one embodiment, the body member 706 has a diameter greater than a diameter of
the shank member 704 and the distal stem portion 708. As illustrated, the ball segment and
seal pipette tip coupler device 700 further comprises a distal elastomeric element 718
circumscribing the distal stem portion 708 wherein the distal elastomeric element 718 is
configured analogous to element 160 (FIG. 6).

1002511 As illustrated in FIGS. 41 and 42, the pipette tip coupler device 700 also comprises
a ball segment coupling system 720 disposed about the shank member 704 and mounted on

body member 706, Additionally, the pipette tip coupler device 700 further comprises an
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annular wedge or squeeze ring 210 or 810 (detailed below) that is disposed about the shank
member 704 and that surmounts the ball segment coupling system 720,

[00252] Referring to FIGS. 41 through 43, the ball segment coupling system 720 comprises
a cylindrically shaped raceway body member 722 comprising an annular base 724 having a
central opening 726 and an outer periphery transitioning into an upwardly extending
circumscribing sidewall 728 terminating into a plurality of circumferentially spaced apart
circular notched openings 730 each having a radially extending ball seating surface 732
thereby defining a raceway of ball seating surfaces 732 radially spaced from the shank
member 702 such that a radially extending annular gap is formed between the openings 730
and the shank member 702,

(00253} As illustrated in FIG. 42, the pipette tip coupler device 700 further comprises an
annular magnet 736 disposed about shank member 704 and mounted on the inner upper
surface of the annular base 724 of the raceway body member 722 (FIG. 41). The pipette tip
coupler device 700 further comprises an annular spacer 738 disposed about shank member
704 and surmounting the annular magnet 736, The annular magnet 736 is dimensioned to
have a diameter greater than the annular spacer 738 for defining a radial gap 740 between the
annular spacer 738 and the circular notched openings 730 of the raceway body member 722
wherein the annular magnet 736 provides a normal tendency to magnetically attract a
plurality of ferrous metal balls 742 of system 720 that are disposed in the ball seating surfaces
732 of the circular notched openings 730 into the radial gap 740 toward the annular magnet
736. In one embodiment, the annular magnet 736 is a slip fit and the annular spacer 738 is a
press fit, and also retains the annular magnet 736 in place.

[00254] Referring to FIGS. 44 through 48, the raceway body member 722 is aligned with

and mounted on the body member 706 of the central counling member 702 that is followed
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by the sequential mounting of the annular magnet 736 and the annular spacer 738 on the body
member 706 of the central coupling member 702 and within the cylindrically shaped raceway
body member 722, Then, the plurality of cylindrical balls 742 are respectively received
through the notched openings 730 and prevented from escaping out the openings 730 by a
snap ring 744 being received in a retaining groove 746 circumscribing the upper outer
peripheral surface of the raceway body member 722, Snap ring 744 closes notches 748 of the
circular notched openings 730 capturing the balls while allowing radial movement of the
balls on the seating surfaces 732 of the raceway body member 722.

1002551 Referring to FIG. 42, the raceway body member 722 has an outer diameter greater
than an outer diameter of the pipette tip coupler body member 706 of the central coupling
member 702 such that a bottom peripheral hip is formed having a distally facing axial stop
shoulder surface 750 that is functionally analogous to stop shoulder surface 134 (FIG. 6} of
the coupler device 100.

002561 As further lustrated in FIG. 42, the central coupling member 702 comprises an
open ended, interior cylindrical channel surface 752 that defines an open ended cvlindrically
shaped central channel 754 that runs along the longitudinal central axis 734 of the pipette tip
coupler 700 from the annular proximal or top end 710 defining the proximal end face of the
pipette tip coupler 700 to the bottom end surface 716 of end plate 714 defining the distal end
face of the pipette tip coupler 700. The open ended cylindrically shaped central channel 754
provides open communication between the aspirating and dispensing cylinder 34 (FIG. 3) and
the pipette tip 220 wherein the aspirating and dispensing cylinder 34 is also in open
communication with the aspirating and dispensing plunger 26 (FIG. 3},

[00257] Apnular Wedge or Squeeze Ring 810 Comprising Ball Concavities 830

U
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[00258] FIG. 49 illustrates an annular wedge or squeeze ring 810 that comprises
circumferentially spaced apart concave faces or concavities 830 and that is an alternate
example embodiment of annular wedge or squeeze ring 210 for alternative use.

[00259] FIG. 50 illustrates the pipette tip coupler device 700 employing the squeeze ring
810 as an alternative to squeeze ring 210 (FIG. 6). As illustrated, the curvature of each of the
circumferentially spaced apart concave faces or concavities 830 ts complemental in shape to
the arcuate shape of each of the plurality of segments or balls 742 for complemental surface
abutment therebetween as dlustrated wherein the plurality of segments or balls 742 are
configured analogous to the plurality of segments or balls 200 (FIG. 6},

(002601 Referring to FIGS. 49 and 50, and analogous to squeeze ring 210, the squeeze ring
810 comprises a resilient annular body 812 having a central interior annular surface 8§14
defining a central opening 816 extending through the annular body 812, Additionally, the
wedge shaped annular body 812 comprises an exterior side surface 818 upwardly extending
from a bottom annular end 820 to an underside 822 of an annular peripheral lip 824 that
radially extends outwardly and terminates to circumscribing outer edge surface 826 that
transitions into a top planar annular surface 828 radially extending between the central
interior annular surface 814 to the circumscribing outer edge surface 826, Further, the
squeeze ring 810 comprises the circumferentially spaced apart concave faces or concavities
830 disposed in the exterior side surface 818 of the squeeze ring 8§10, As noted above, the
curvature of each of the circumferentially spaced apart concave faces or concavities 830 is
complemental in shape to the arcuate shape of each of the plurality of segments or halls 742
for complemental arcuate surface abutment therebetween,

[00261] Sull referring to FIGS. 49 and 50, the central opening 816 of the annular wedge or

squeeze ring 810 is dimensioned to allow passage of the resilient annular bodv 812 between
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the balls 742 and annular spacer 738 so as to allow a abutment and seating of the
circumferentially spaced apart concave faces or concavities 830 of the annular wedge or
squeeze ring 810 with the plurality of segments or spherical balls 742, In turn, and analogous
to pipette tip coupler 100, the shank member 704 of the pipette tip coupler 700 is configured
to operatively couple to the pipette device 20 of the pipette device assembly 10, With this
coupling, the actuation of the squeeze motor S2 (FIG. 4) in the first direction results in linear
axial transiation of the sgueeze ring 810 in a distal or vertically downward direction for
applying a force axially on the top surface 828 of the squeeze ring 810 for forcing the
concave faces or concavities 830 to push uniformly against the arcuate surfaces of plurality of
spherical balls 742 for pushing them radially outwardly for coupling with a disposable pipette
tip such as disposable pipette tip 220. Subsequent actuation of the squeeze motor 52 (FIG. 4)
in a second direction, opposite the distal or vertically downward direction, releases the force
on the squeeze ring 810 resulting in the plurality of segments or spherical balls 742 being
urged back into the radial gap 740 toward the annular spacer 738 thereby defining the
retracted or tip disengagement state of the plurality of balls 742.

100262] Pipette Tip Coupler Device 900

1002631 Referring to FIGS. 51 and 52, a ball segment and seal pipette tip coupler device 900
is illustrated that is an alternate example embodiment of the coupler device 100 for
alternative use wherein the pipette tip coupler device 900 is configured to be coupled
between, for example, the disposable pipette tip 220 and the air displacement pipette device
20 of the air displacement pipette device assembly 10 (FIG. 1) utilizing the coupling process
detatled above.

[00264] Referring to FIGS. 51, the coupler device 900 comprises a central coupling member

902 comprising an elongated head or shank member 904, a bodv member 906, and distal
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stemn portion 908, As illustrated, the shank member 904 comprises a top end 910 and a lower
end that transitions into an upper surface 912 of the body member 306 and the body member
906 comprises a lower end that transitions into the distal stem portion 908 that terminates to a
lower end 914 having a bottom end surface 916, In one embodiment, the body member 900
has a diameter greater than a diameter of the shank member 904 and a diameter of the distal
stem portion 908,

[00265] As also illustrated FIGS. 51, the ball segment and seal pipette tip coupler device
900 further comprises a distal elastomeric element 918 circumscribing the distal stem portion
908 wherein the distal elastomeric element 918 is configured analogous to distal elastomeric
element 160,

[00266] As turther illustrated FIGS. 51, the pipetie tip coupler device 900 further comprises
a ball segment coupling system 920 disposed about the shank member 904 and mounted on
body member 906, and the squeeze ring 810 disposed about the shank member 904 and
surmounting the ball segment coupling system 920,

[00267] Referring to FIG. 52, the ball segment coupling system 920 comprises a raceway
retainer body member 922, that is cylindrical in shape as illustrated in FIG. 53 and that
comprises an annular base 924 having a central opening 926 and an outer periphery
transitioning into an upwardly extending circumscribing sidewall 928 having a plurality of
circumterentially spaced apart circular holes 930 each defined by an interior circumscribing
cylindrical raceway surface 932 radially outwardly transitioning into an interior annular
tapering or conic surface 934,

[002681 As tltustrated in FIG. 52, the intertor circumseribing cylindrical raceway surface 932
of each hole 930 has a first diameter 936 that is larger than the diameter of the ball segments

942, The interior annular tapering or conic surface 934 has a diameter that decreases from
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the first diameter 936 and terminates to a second diameter 935 that 1s smaller than the first
diameter 936 and that is smaller than the diameter of each of the ball segments 942
Accordingly, the ball segments 942 are retained by the interior annular tapering or conic
surfaces 934 from radially or horizontally moving out through the respective holes 930 of the
raceway retainer body member 922 when in the radially translated state as illustrated in FIG.
51 thereby defining a ball segment retention configuration that is machined into the raceway
retainer body member 922 and that is an alternative to the above delineated retention
configurations that comprise the retaining stakes 406 illustrated in FIG. 36, the ball keeper
retaining ring 506 illustrated in FIG. 40, and the snap ring 744 illustrated in FIG. 48.

002691 As illustrated in FIG. 51, the pipetie tip coupler device 900 further comprises an
annular spacer 938 disposed about shank member 904 and mounted on an inner upper surface
952 of the annular base 924 of the raceway retainer body member 922, The annular spacer
938 1s dimensioned to define a radial gap 940 between the annular spacer 938 and the holes
930 of the raceway retainer body member 922,

[00270] Referring to FIGS. 53 through 55, and during one example assembly process, the
plurality of cylindrical ball segments 942 are respectively recetved through the interior ends
of the holes 930 (FIG. 52) of the upwardly extending circumscribing sidewall 928 (FIG. 52)
of the raceway retainer body member 922, Next, the raceway retainer body member 922 1s
aligned with and mounted on the upper surface 912 of the body member 906 of the central
coupling member 902 wherein the raceway retainer body member 922 comprises a distally
facing axial stop shoulder surface 950 having a diameter greater than the diameter of the body
member 906 as illustrated in FIG. S1. The stop shoulder surface 950 is functionally
analogous to stop shoulder surface 134 (FIG. 6) of the coupler device 100, The annular

spacer 938 is then aligned with and mounted on the upper surface 912 of the bodv member

-3
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906 of the central coupling member 902 within the cylindrically shaped raceway retainer
body member 922.

[00271] Accordingly, and referring to FIG. 56, the plurality of cylindrical ball segments 942
are respectively received within the holes 930 (FIG. 52) and are captured for radial movement
while being precluded from escaping therethrough by the interior annular tapering or conic
surface 934 and back out by annular spacer 938,

[00272] As further llustrated in FIG. 51, the central coupling member 902 comprises an
open ended, intertor cylindrical channel surface 954 that defines an open ended cylindrically
shaped central channel 956 that runs along the longitudinal central axis 958 of the pipette tip
coupler device 900 from the annular proximal or top end 910 defining the proximal end face
of the pipette tip coupler device 900 to the bottom end surface 916 defining the distal end
face of the pipette tip coupler device 900. The open ended cylindrically shaped central
channel 956 provides open communication between the aspirating and dispensing cylinder 34
{FIG. 3) and, for example, the pipette tip 220 wherein the aspirating and dispensing cvlinder
34 15 also in open communication with the aspirating and dispensing plunger 26 (FIG. 3).
(002731 Ball Coupling System Aspects

1002741 In one aspect, the ball coupling system comprises components that are formed from
hard and durable materials such as, but not limited to, metallic or hard plastic to provide
improved system life. And, because the balls are much harder than the plastic tip, they work
into the tip groove more efficiently than soft elastomeric material such as an O-ring,

1002751 In another aspect, the ball coupling system provides a much stiffer joint between the
tip and the stop disk and, in particular, the rigidity of the plurality of discrete balls provides a
more rigid coupling for providing a stiffer joint between the pipette tip and pipette tip

coupler.
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[00276] In another aspect, the ball coupling system pulls the tip up and seats it more
efficiently.

(00277} In another aspect, the life of the balls of the ball coupling system will not be
affected by ejecting the tip in free atr. In countrast, O-ring coupling life is adversely affected
when the tip is ejected in free air because the O-ring is scuffed and abraded by the groove in
the tip as the tip is pushed off by the spring loaded ¢ject sleeve. The hardness of the balls
resists harmful acts of the scuffing and abrasion.

[00278] In ancther aspect, the ball coupling materials can easily be made from conductive
material in order to provide an electrical circuit to the tip for liquid level detection or other
uses.

(002791 In another aspect, ball coupling system can be activated with a low squeeze/axial
force because of efficient mechanical design. A lower squeeze/axial force requirement
improves the life on the associated parts providing the axial force. In another aspect, ball
coupling system allows the lower seal to have improved life span because of the lower
squeeze/axial force requirement noted above.

[00280] In another aspect, the distal seal can be made from a greater variety of materials
because it does not need to be conductive.

(002811 In another aspect, maintenance costs are lower because of the improved life and
easier accessibility to the lower seal.

[00282] In ancther aspect, tip alignment to the pipette device is improved because of
improved seating.

(002831 Pipette Tip Coupler 1190

[00284] FIG. 57 illustrates a segment and seal pipette tip coupler device 1100 that is an

alternate example embodiment of the coupler device 100 and that is illustrated interposed
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between the example embodiment of the disposable pipette tip 220 and the example
embodiment air displacement pipette device 20 of the air displacement pipetie device
assembly 10

[00285] As illustrated in FIGK. 57 and 58, the pipetie tip coupler 1100 comprises an
elongated head or shank member 1102, a pipette tip coupler body 1120; a discrete element or
segment coupling system 1160 comprising a plurality of elements or segments defining a
segment ring 1162 and a spring retainer 1172; a distal elastomeric element 1180; and an
annular wedge or squeeze ring 1200 surmounting the plurality of elements or segments 1162
[00286] As illustrated in FIGS. 58 and 359, the elongated head or shank member 1102
surmounts the pipette tip coupler body member 1120 and the plurality of elements or
segments 1162 are circumferentially spaced apart and carried about the shank member 1102
on an upper annular surface 1122 of a first cvlindrical portion 1130 of the pipette tip coupler
body 1120, The spring retainer 1172 constrains the radial extension or circumferential
increase of the plurality of circumferentially spaced apart elements or segments 1162,

[00287] Additionally, the pipette tip coupler 1100 comprises a lower or distal elastomeric
element 1180 carried at a distal or lower end portion of the pipette tip coupler body 1120 as
detailed below.

002881 Furthermore, and as illustrated in FIGS. 64 and 65, the pipette tip coupler 1100
comprises an anmular wedge or squeeze ring 1200 surmounting the plurality of elements or
segments 1162 retained by spring retainer 1172 such that the plurality of elements or
segments 1162 are interposed between pipette tip coupler body 1120 and annular wedge 1200
wherein the plurality of elements or segments 1162 are radially moveable against spring
retainer 1172 between a radially retracted position and a radially extended position as a

function of the axial location of annular wedge 1200 as illustrated tn FIGS. 66 through 70 by
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an increasing gap 1174 (FIG. 68) between the interior annular surface 1282 of ecach of the
plurality of elements or segments 1162 and the ring 1116 adjacently surmounting upper
annular surface 1122 (FIG. 59).

[00289] Shank Member 1102

1002901 More specitically, and as iHustrated in FIG. 59, the shank member 1102 comprises
an annular proximal end face 1104 defining a proximal or upper end face of the pipette tip
coupler 1100 and comprising an outer periphery 1106 that can be chamfered and that
transitions into elongated tubular body 1108,

1002911 Distal from proximal end face 1104, the elongated tubular body 1108 transitions
into an anoular tapered portion 1110 that decreases in diameter and transitions into a
cvlindrical neck portion 1112, The cylindrical neck portion 1112 distally transitions into a
cylindrical collar 1114 that has a diameter greater than a diameter of the cylindrical neck
portion 1112, Next, the cylindrical collar 1114 is distally tollowed by a ring 1116 that has a
diameter greater than a diameter of the cylindrical collar 1114 and that surmounts an inner
portion of the upper circular body end surface 1122

[00292] As illustrated in FIG. 65, the shank member 1102 of the pipette tip coupler 1100 is
configured to fit within the distal mounting flange 36 of the aspirating and dispensing
cylinder 34 for operatively coupling the pipette tip coupler 1100 to the pipette device 20 of
the pipette device assembly 10.

1002931 Coupler Body 1120

1002941 As illustrated in FIG. 59, the superior or upper end surface 1122 of the pipette tip
coupler body 1120 radially outwardly extends from the ring 1116 and transitions into an outer

peripheral edge 1124 that is rounded. In one example embodiment, the upper circular body
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end surface 1122 is a substantially planar radially outwardly extending surface that extends
from the distal end of the ring 1116 to the outer peripheral edge 1124

002951 Additionally, the pipette tip coupler body 1120 comprises a multi cylindrical section
comprising a first cylindrical portion or stop disk portion 1130 that distally extends axially
away from the upper end surface 1122 and that is distally followed by a second cylindrical
portion 1132 that is reduced in diameter for forming a distally or downwardly facing axial
shoulder surface or stop shoulder surface 1134 between the adjoining first and second
cylindrical portions 1130, 1132

1002961 As illustrated in FIG. 59, the second cylindrical portion 1132 distally extends from
the stop shoulder surface 1134 to a distally facing lower surface 1136 that radially inwardly
transitions into a reduced diameter distal cylindrical stem portion 1138 that ternunates to a
radially outwardly extending upper surface 1140 of a generally round end plate 1142, End
plate 1142 comprises a rounded peripheral edge that provides a circumferential rounded
transition between the upper surface 1140 of the end plate 1142 and a lower generally planar
surface 1144 (FIG. 58) of the end plate 1142 defining the distal end face of the pipette tip
coupier body 1120 of pipette tip coupler 1100,

1002971 As illustrated in FIGS. 58 and 39, the first cylindrical portion 1130 comprises a first
diameter that is greater than a second diameter of the second cylindrical portion 1132 for
forming the distally or downwardly facing axial shoulder surface or stop shoulder surface
1134 between the first and second cylindrical portions 1130, 1132, Additionally, the second
diameter of the second cylindrical portion 1132 13 greater than a diameter of the end plate
1142, Furthermore, a diameter of the distal cylindrical stem portion 1138 is less than both

the second diameter of the second cylindrical portion 1132 and the diameter of the end plate
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1142 for defiruing a lower, distal groove 1148 between the second cylindrical portion 1132
and the end plate 1142,

[00298] In one example embodiment, the first and second cylindrical head portions 1130
and 1132 respectively comprise generally smooth exterior cylindrical surfaces and the distal
cylindrical stem portion 1138 comprises a generally smooth exterior cylindrical surface or
groove surface.

[00299] Referring to FIGS. 58 and 65, the pipette tip coupler 1100 further comprises an
open ended, interior cylindrical channel surface 1156 that defines an open ended cylindrically
shaped central channel 1158 that runs along a longitudinal central axis 1198 of the pipette tip
coupler 1100 from the annular proximal end face 1104 defining the proximal end face of the
pipette tip coupler 1100 to the lower generally planar surface 1144 of end plate 1142 (FIG.
59) defining the distal end face of the pipette tip coupler 1100, The open ended cylindrically
shaped central channel 1158 provides open communication between the aspirating and
dispensing cylinder 34 (FIG. 3) and the pipette tip 220 wherein the aspirating and dispensing
cyvlinder 34 1s also in open communication with the aspirating and dispensing plunger 26
(F1G. 3).

[00300] Distal Elastomeric Element 1180

[003011 As tllustrated in FIG. 60, the elastomeric element 1180 comprises an annular body
1182 having an interior surface 1184 defining a central opening 1186, a top surface 1188, a
peripheral exterior surface 1190, and a bottom surface 1192.

100302} Referring to FIGS. 58 through 60, the central opening 1186 of the lower elastomeric
element 1180 is dimenstoned to tightly circumscribe the distal cylindrical stem portion 1138
of the pipette tip coupler 1100 between the distally facing lower surface 1136 of the second

cylindrical portion 1132 and the upper surface 1140 of the end plate 1142 of the pivette tip
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coupler body member 1120 wherein the surfaces 1136,1140 are in the form of, but not
limited to, a planar, conical or concaved configuration.

[00303] Accordingly, as illustrated in FIG. 58, the lower or distal elastomeric element 1180
is carried at the lower or distal end portion of coupler body 1120 by way of stem portion 1138
(FIG. 59) and is distal to the discrete element or segment coupling system 1160 that is carried
at the upper or proximate end portion of coupler body 1120, In a relaxed or unsqueezed state,
the lower or distal elastomeric element 1180 comprises a circumferentially continuous,
generally circular cross section area 1194 as is illustrated in FIG. 65,

100304} Discrete Element or Segment Coupling System 1160

[003051 FIG. 61 illustrates an exploded parts view of the discrete element or segment
coupling system 1160 comprising the plurality of discrete elements or segments 1162 and the
spring retainer 1172 having a gap 1174 that allows circumferential expansion of segments
1162. The plurality of discrete elements or segments 1162 define a segmented ring
comprising, but not limited to, four discrete arcuate elements or segments 1164, 1166, 1168,
and 1170. The gapped spring retainer 1172 circumscribes the four arcuate elements or
segments 1164, 1166, 1168, and 1170 to form a radially extendable segmented ring
comprising an annular base defined by the bases 1278 (FIG. 62) of the plurality of discrete
elements or segments 1162 of discrete element or segment coupling system 1160,

[00306] Accordingly, and referring to FIG. 58, the discrete element or segment coupling
system 1160, disposed on the upper surface 1122 of the first cylindrical portion 1130 of the
pipette tip coupler body member 1120 (FIG. 59), retains the plurality of discrete elements or
segments 1162 and allows movement of the discrete elements or segments 1162 between a
relaxed (FIG. 66) and an extended (FIG. 70) position.

[00307] Discrete Elements or Segments 1162
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[00308] Referring to FIG. 62 and 63, and in one example embodiment, each of the plurality
of elements or segments 1162 comprises a resilient arcuate shaped body 1260 having a
generally C-shaped continuous cross sectional area 1262 along an arcuate length of the
arcuate shaped body 1260.

[00309] The arcuate shaped body 1260 comprises an upper arcuate sector 1264, a medial
sector 1266, and a lower base sector 1268 having an exterior base surface 1278 The upper
arcuate sector 1264 comprises a top planar annular surface 1270 having an interior arcuate
edge that transitions into a back side sloped surface 1272 of the body 1260 and having an
outer front arcuate edge that transitions into a downwardly rounded peripheral arcuate edge
sector 1274 (FIG. 63) that, in turn, transitions into a cutout surface 1276 of body 1260
forming a groove 1280, As FIG. 62 illustrates, the cutout surface 1276 (FIG. 63) of body
1260, and therefore groove 1280 (FIG. 62), has a shape, such as a generally C-shaped or a
sideways U-shaped configuration, for receipt of the spring retainer 1172 (FIG. 61) that is not
continuous in circumference, but includes the gap 1174 for allowing expanston.

[00310] Additionally, each of the plurality of elements or segments 1162 comprises an
interior arcuate base surface 1282 extending between an inner edge of base surface 1278 and
a bottom edge of the back side sloped surtace 1272 of the body 1260. Thus, in the discrete
element or segment coupling system 1160, the interior arcuate base surfaces 1282 of the
plurality of segmented elements 1162 defines a central annular base opening extending
through the segmented coupling system 1160 surmounted by a central conical opening
extending through the discrete element or segment coupling system 1160 defined by the back
side sloped surfaces 1272 of the plurality of elements or segments 1162 of the discrete
element or segment coupling system 1160

100311} Annular Wedge or Squeeze Ring 1200
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1003121 Referring to FIG. 64 and 65, the annular wedge or squeeze ring 1200 comprises a
resilient wedge shaped anunular body 1202 having a circumferentially continuous, generally
wedge shaped cross section 1204 as illustrated in FIG. 65 The resilient wedge shaped
anpuiar body 1202 comprises a central interior annular surface 1206 defining a central
annular opening 1208 extending through the annular body 1202, Body 1202 further
comprises a top planar circular surface 1210 radially outwardly extending from the ceniral
interior annular surface 1206 to a circumscribing outer edge surface 1212, A radially
outwardly proximally inclined side surface 1214 extends from a bottom annular end 1216 to
an underside of an annular peripheral lip 1218 that radially cutwardly extends and terminates
to the circumscribing outer edge surface 1212,

[00313] The central annular opening 1208 of the wedge shaped annular body 1202 is
dimensioned to allow passage of the shank member 1102 50 as to allow a seating abutment of
radially outwardly proximally inclined side surtace 1214 of the annular wedge squeeze ring
1200 with the plurality of discrete elements or segments 1162 of the discrete element or
segment coupling system 1160 carried on the upper end surface 1122 of the pipette tip
coupler body 1120 of the pipette tip coupler 1100,

1003141 With the pipette tip coupler 1100 fitted within the distal mounting flange 36, the top
planar circular surface 1210 of the annular wedge or squeeze ring 1200 is adjacent the distal
end 50 of the squeeze sleeve 46. Accordingly, actuation of the squeeze motor 52 (FIG. 1) in
the first direction resulis in linear axial translation of the squeeze sleeve 46 in a distal or
vertically downward direction for applying a force axially on the top surface 1210 of the
annular wedge ring 1200 via the LLD circuit ring end 366 for forcing the inclined side
surface 1214 to push against the plurality of discrete elements or segments 1162 for pushing

them radially outward into the groove 246 of the tip 220 and into contact with surface 244
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(F1G. 16} as exemplified in FIGS. 64 and 65. Subsequent actuation of the squeeze motor 52
(FIG. 1) v a second direction, opposite the distal or vertically downward direction, returns
the distal end 50 of the squeeze sleeve 46 to a home position releasing the applied force on
the top surface 1210 of the annular wedge ring 1200,

[00315] Discrete Element/Segment Coupling System Aspects

(003161 In one aspect, the discrete element or segment coupling system 1160 comprises
components that are formed from hard and durable materials such as, but not limited to,
metallic or hard plastic to provide improved system life and because the discrete elements or
segments are much harder than the plastic tip, they work into the tip groove more efficiently
than soft elastomeric material such as an O-ring,

[00317] In another aspect, the discrete element or segment coupling system 1160 provides a
stiff joint between the tip and the stop disc.

[00318] In another aspect, the discrete element or segment coupling system 1160 pulls the
tip up and seats 1t efficiently.

[00319] In another aspect, the discrete element or segment coupling systern 1160 will not be
affected by ejecting the tip in free air. The U-ring coupling life is adversely affected when
the tip is gjected in free air because the O-ring 1s scuffed and abraded by the groove in the tip
as the tip is pushed off by the spring loaded eject sleeve. The hardness of the discrete
elements or segments resists the harmful acts of the scuffing and abrasion.

(003201 In ancther aspect, the materials of the discrete elements or segments can easily be
made from conductive material in order to provide an electrical circuit to the tip for liquid
jevel detection or other uses.

[00321] In another aspect, the discrete element or segment coupling system 1160 can be

activated with a low squeeze/axial force because the mechanical desian is efficient. A lower
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squeeze/axial force requirement improves the life on the assoctated parts providing the axial
force. As a result of this lower squeeze/axial force requirement, the coupling system 1160
allows the lower or distal seal to have improved life span because the elastomeric material is
not compressed as much.

1003221 In another aspect, the coupling system 1160 allows the lower or distal seal to be
easily accessed if replacement is required. Also, the lower or distal seal can be made from a
greater variety of materials because it does not need to be conductive.

[00323] In another aspect, mainienance costs are lower because of the improved life and
easter accessibility to the lower or distal seal.

003241 In another aspect, tip alignment to the pipetie device 20 is improved because of
improved seating,

100325] Pipette Tip Pickup Process with Pipette Tip Coupler 1100

[00326] FIGS. 65 through 72 illustrate details of an example embodiment of successive
stages of a pipette tip pickup process and, in particular, a method of securing attachment of
the pipette tip 220 to the pipette tip coupler 1100 operatively carried by the pipette device 20
As noted above, and in one example embodiment, the pipette tip 220 may be supported by a
support surface 282 (FIG. 15).

[003271 As illustrated in FIG. 65, the pipette tip coupler 1100 is connected to the pipette
device 20, and upon command, the pipette tip coupler 1100 is positioned over the open
proximal end 232 of pipette tip 220 wherein each of their respective central longitudinal axes
15 aligned along the Z-axis. The eject sleeve 62 is in the eject position, the squeeze sleeve 46
is in the unsqueezed position, the discrete element or segment coupling system 1160 ts in the

relaxed state, and the distal elastomeric element 1180 is in the unsqueezed state.

68



WO 2017/218050 PCT/US2017/015801

[00328] Next, FIG. 606 illustrates the pipette tip coupler 1100 being moved down along the
Z-axis into the pipette tip 220 for lowering the distal, elastomeric carrving portion of the
pipette tip coupler 1100 into the interior cylindrical proximal or upper end portions of the
pipette tip 220 to bring the distal O-ring 1180 into contact with the tip annular sealing seat or
stop surface 270 while maintaining the plurality of discrete elements or segments 1162 in the
unextended or unsqueezed state and before the proximally or upwardly facing annular
shoulder seat or stop surface 260 of the pipette tip 220 and the distally of downwardly facing
axial stop shoulder surface 1134 of the stop disk 1130 are mated such that a gap 298 is
maintained between the annular shoulder seat or stop surface 260 of the pipette tip 220 and
the axial stop shoulder surface 1134 of the stop disk 1130,

[00329] Next, FIG. 67 illustrates both the pipette tip coupler 1100 and squeeze sleeve 46
being moved down along the Z-axis with the squeeze sleeve 46 squeezing the annular wedge
ring 1200 against the plurality of discrete elements or segments 1162 for starting the process
of pulling the tip 220 up and starting the process of pushing or squeezing the plurality of
discrete elements or segments 1162 radially outward and into the groove 246. Specifically,
the start of this pushing process initially places the downwardly rounded peripheral arcuate
edge sector 1274 of each of the plurality of discrete elements or segments 1162 into abutment
with the upper axially arcuate circumferential surface sector portion 250 of the axially arcuate
circumferential interior surface 244 defining the groove 246 as illustrated in FIG. 68.

00330} Referring to FIGS. 67 through 69, the action of the plurality of discrete elements or
segments 1162 extending or being projected into the groove 246 into abutment with the upper
axially arcuate circumferential surface sector portion 230 causes an axial upward force that
pulls the pipette tip 220 up for starting a process of seating the annular shoulder seat surface

260 of the pipette tip 220 with the axial stop shoulder surface 1134 of the stop disk 1130 for
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closing the gap 298 and compressing the distal O-ring 1180 with the sealing seat or stop
surface 270 of the tip 220 to start a process of energizing the distal O-ring 1180 into a storage
state of elastic potential energy to be released as a force from the O-ring 1180 to the sealing
seat or stop surface 270 of the tip 220 during the tip 220 ejection process.

100331} FIG. 70 illustrates the squeeze sleeve 46 being moved down along the Z-axis a pre-
calibrated or predetermined length until it 1s locked in position resulting in the annular wedge
squeeze ring 1200 being stopped and locked in position by the squeeze sleeve 46, As a
result, the plurality of discrete elements or segments 1162 are radially extended
circumferentially to a desired value (FIG. 71} for fully seating the axial stop shoulder surface
1134 of the pipette tip coupler 1100 against the annular shoulder seat surface 260 (FIG. 16)
of the pipette tip 220 with the seating of the two surfaces 1134, 260 along an X-axis
substantially perpendicular to the Z-axis for forming a normal datum between the two axis
while the distal O-ring 1180 is compressed to a desired value for seating the distal O-ring
1180 with the annular sealing seat or stop surface 270 of the tip 220 (FIG. 72) to finish the
process of energizing the distal O-ring 1180 into the storage state of elastic potential energy
to be released as a force from the O-ring 1180 to the sealing seat or stop surface 270 of the tip
220 during the tip 220 ejection process.

(003321 Upon completion of the securing attachment process, the discrete element or
segment coupling systern 1160 and the distal elastomeric element 1180 work in combination
to produce a segment and seal coupling that provides a fluid-tight seal wherein the plurality
of discrete elements or segments 1162 are at least partially received within the
circumferential groove 246 and at least partially seated on the circumferential arcuate interior

surface 244 defining the circumferential groove 246 and wherein the distal elastomeric



WO 2017/218050 PCT/US2017/015801

element 1180 seals against the radially inwardly angled and distally extending surface 270 of
the pipette tip 220 in a storage state of elastic potential energy.

[00333] Ejection Process

00334} Ejecting the pipette tip 220 from the pipette tip coupler 1100 operatively carried by
the pipette device 20 1s similar to the attachment or tip pickup securing process sequence
except in reverse and follows the process as detailed above for ejecting the pipette tip 220
from the pipette tip coupler 100. As also described above, the act of uncompressing the distal
elastomeric element 1180 provides a force from the released elastic potential energy of the
compressed distal elastomeric element 1180 to provide a force to help remove the tip 220
during the ejection process.

[00335] Coupling and Ejection Forces

(00336} FIG. 73 illustrates a vector diagram associated with the plurality of discrete
elements or segments 1162 of the pipette tip coupler 1100 initially extending into the groove
246 with the plurality of discrete elements or segments 1162 contacting the upper corner of
the tip groove resulting in an axial upward force pulling the pipette tip 220 vpward. As
illustrated in FIG. 73, each segmented element force (Fsegment resultant) is comprised of
two components: an axial force (Fsegment axial) component and a radial force
{Fsegment_radial) component.

[00337] As long as the plurality of discrete elements or segments 1162 are contacting the
upper corner of the tip groove above the center of the segment radius, dimension Z on FIG.
74, Fsegment axial acts to pull the tip up toward the stop disk and increases as the distance
between the center of the segment radius and the corner of the groove increases.

Accordingly, at the beginning of the tip pickup process, the segment axial force
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(Fsegment axial} starts out low as illustrated in detail in FIG. 74 and increases to its
maximum at the end of the tip pickup process as llustrated in FIG. 75.

[00338] Referring to FIG. 74, the ratio of Z/R equals SIN (o) and SIN {(w) is egual to
(Fsegment_axialy(Fsegment resultant).  As a result, (Fsegment axial) is equal to
(Fsegment resultant) multiplied by the ratio of Z/R. From this, the result is that
{Fsegment_axial} increases as Z increases.

[00339] Referring to FIG. 75, the segment axial force (Fsegment axial) seats the stop disk
1130 against seat 260 of the tip 220 and provides the force required to overcome an O-ring
axial force and compress the O-ring 1180, The segment radial force (Fsegment radial)
provides the radial force needed to lock the segment into the tip groove.

compressed and this force comprises two components: an axial component
(Fdistal ring axial} and a radial component (Fdistal ring radial}.

003411 The segment axial force (Fsegment axial) provides the force to overcome the O-
ring axial force (Fdistal ring axial} and compress the O-ring 1180, The segment to tip
groove geometry that causes Fsegment axial to increase as the segment enters the groove
{(increasing dimension Z} helps to overcome the O-ring axial force so that the O-ring can be
completely compressed to the desired extent.

[00342] Again, the segment radial force (Fsegment radial) provides the radial force needed
to lock the segment into the tip groove and the O-ring radial force component
(Fdistal ring radial} provides the radial force needed to maintain the seal against the tip.
003431 Furthermore, the O-ring axial force component (Fdistal ring axial) provides force
to help remove the tip 220 during the ejection process.

[00344] Alignment/Misalignment

~3
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1003451 Analogous to coupler 100, the horizontal plane of the axial shoulder surface 1134 of
coupler body member 1120 of the coupler 1100 and the horizontal plane of the axial shoulder
seat 200 of tip 220 are maintained in a parallel adjacent relationship for correct tip alignment.
[00346] Dimensions and Relationships

1003471 Additionally, it is noted that for proper use and operation, dimensions between the
coupler 1100 and tip 220 are related accordingly as described above for coupler 100.

[00348] Liquid Level Betection (LLD} Circuit Contacts

[00349] Referring to FIGS. 32 and 70, the pipette device assembly 10 further comprises a
hiquid level detection circuit assembly employed with pipette tip coupler 1100 in a2 manner
analogous to coupler 100 described hereinabove for having an ability to detect a surface of a
liquid being transferred or a surface onto or from which liquid is being transferred.

(003501 As tllustrated in FI(z. 70, the ring end 366 of the LLD circuit contact 364 1s captured
and sandwiched between the squeeze sleeve 46 and the squeeze ring 1200 for making
electrical contact between the processing circuitry 362 of the LLD circuit board 360 (FIG. 32)
and the squeeze ring 1200 that is made from an electrically conductive material and that
makes electrical contact with the plurality of radially cutwardly projecting segments 1162
that are also made using an electrically conductive nonpliable material. Accordingly, with
the tip attached and the plurality of radially cutwardly projecting segments 1162 squeezed or
pushed and locked into the tip groove 246 (FIG. 71) of the tip 220, the plurality of radially
outwardly projecting segments 1162 make electrical contact with the tip 220 that is also made
from an electrically conductive material. As a result, and referring to FIG. 32, this completes
the circuit between the processing circuitry 362 of the LLID circuit board 360 and the tip 220
[00351] Additionally, the stop disk mounting post or distal mounting flange 36 is made from

a non-conducting matertal. Therefore, the shank member 1102, bodv member 1120, and the

rra
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plurality of radially outwardly projecting segments 1162 are msulated from the rest of the
assembly.

[00352] Furthermore, the processing circuitry 362 of the LLD circuit board 360 detects a
signal change when the tip 220 contacts liquid thereby having an ability to detect a surface of
a liquid being transferred or a surface onto or from which liquid is being transferred. Again,
actuation occurs when the coupler 1100 is attached to the tip 220 and the plurality of radially
outwardly projecting segments 1162 are radially pushed circumferentially and locked into the
tip groove of the tip 220,

1003531 Further Pipette Tip Embeodiments

003541 In a further embodiment, FIG. 76 illustrates a fragmentary, longitudinal sectional,
side elevational view of the example embodiment of the disposable pipette tip 220
comprising an alternative sealing seat surface 2270 having an angle of substantially ninety
degrees relative to the central longitudinal axis of the pipette tip 220

003551 FIG. 77 illustrates the example embodiment of the disposable pipette tip 220
comprising the alternative sealing seat surface 2270 being aligned for mating with, for
example, the pipette tip coupler device 100.

[00356] FIG. 78 illustrates the pipette tip coupler device 100 positioned in the disposable
pipette tip 220 comprising the alternative sealing seat surface 2270 wherein the tip 220 with
the alternative sealing seat surface 2270 is lifted up to its final seated state and the annular
wedge 210 moved into its final position for defining a final coupling state with the distal
elastomeric element 160 in a final compressed and seated sealing state against the alternative
sealing seat surface 2270 having the alternative sealing seat surface angle of substantially

ninety degrees.
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[003571 FIG. 79 illustrates a detatled view of the distal elastomeric element 160 in the final
compressed state against the alternative sealing seat surface 2270 having the alternative
sealing seat surface angle of substantially ninety degrees.

[00358] In a further embodiment, FIG. 80 illustrates a fragmentary, longitudinal sectional,
side elevational view of the upper interior of the example embodiment of the disposable
pipette tip comprising another alternative sealing seat surface in the form of a circumferential
radially concave sealing seat surface 3270 that s further iHustrated in detail in FIG. 81,
(003591 In a further embodiment, FIG. 82 illustrates a fragmentary, longitudinal sectional,
side elevational view of the example embodiment of the disposable pipette tip illustrating
detail of a further alternative sealing seat surface in the form of a circumferential radially
convex sealing seat surface 4270 that is further illustrated in detail in FIG. 83,

(003601 In a further embodiment, FIG. 84 illustrates a fragmentary, longitudinal sectional,
side elevational view of the example embodiment of the disposable pipette tip illustrating a
yet further alternative sealing seat surface in the form of a circumferential upward facing
tooth edge sealing seat surface 5270 that 1s further illustrated in detail in FIG. 85

(00361} FIG. 86 illustrates pipette tip coupler device 100 positioned over the example
embodiment of the disposable pipette tip 220 comprising an alternative V-shaped groove
2246 defined by a V-shaped circumferential interior surface 2244 of the disposable pipeite tip
220 opening toward the longitudinal Z axis and having a V-shaped cross section as
lustrated.

1003621 FIG. 87 illustrates the pipette tip coupler device 100 being positioned in the
disposable pipette tip 220 comprising the alternative V-shaped groove 2246 (FIG. 86)
wherein the tip 220 with the alternative V-shaped groove 2246 is lifted up to its final state

with the rounded surfaces of the plurality of spherical balls 200 being extended into the V-
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shaped groove 2246 and into abutment against the V-shaped circumferential interior surface
2244 with the distal elastomeric element 160 in the final compressed and seated sealing state
against the sealing seat surface 270 of the tip.

[00363] FIG. B8 illustrates the detail of the rounded surface of one of the plurality of
segments or balls 200 being extended into the V-shaped groove 2246 (FIG. 86) and abutting
against the V-shaped circumferential interior surface 2244,

[00364] Furthermore, FIGS. 89 through 99 illustrate fragmentary, longitudinal sectional,
side elevational views detatling further different alternative example embodiments of the
circumferential annular tip groove 246 illustrated in FIG. 16.

003651 In particular, FIGS. 89 through 99 illustrate respective groove counfigurations 3001,

3002, 3003, 3004, 3005, 3006, 3007, 3008, 3009, 3010, and 3011  Additionally, the

segments of the couplers may comprise radially cutwardly extending faces complementary to
the respective different alternative example embodiments of the respective groove
configurations 3001 through 3011

[00366] Moreover, the alternative sealing seat geometries 270 (FIG. 16), 2270 (FIG. 76),
3270 (FIG. 80), 4270 (FIG. 82), and 5270 (FIG. &4) may be employed with any one of the
circumferential annular tip groove geometries 2246 3001, 3002, 3003, 3004, 300S, 3006,
3007, 3008, 3009, 3010, or 3011 respectively illustrated in FIGS. 89 through 99 and annular
tip groove geometry 2246 illustrated in FIG. 860. Moreover, the elastomeric element may
also have alternate shapes than an O-ring shape and may be in the form of, but not limited to,
configurations complementary to the tip sealing seat.

[003671 In anocther example embodiment, FIG. 100 details an interior of a disposable pipette

370 370

tip 1220 that 1s analogous in all portions to disposable pipette tip 220 with the exception that
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interrupted  interior surface section 242 i1s devoid of interruption thereby defining
uninterrupted interior surface section 1242 of the disposable pipette tip 1220

[00368] In alternative embodiments, the disposable pipette tip 1220 can also employ one of
the alternative sealing alternative sealing seat geometries 270 (FIG. 16}, 2270 (FIG. 76), 3270
(FIG. 80), 4270 (FIG. 82), and 5270 (FIG. 84) detailed above.

[003691 FIG. 101 illustrates pipette tip coupler device 100 positioned over the example
embodiment of the disposable pipette tip 1220 comprising uninterrupted interior surface
section 1242,

1003701 FIG. 102 illustrates the pipette tip coupler device 100 positioned in the disposable
pipette tip 1220 with the stop shoulder surface 134 of the coupler device 100 abutting against
the axial stop surface 260 of disposable pipette tip 1220 with the rounded surfaces of the
plurality of spherical balls 200 being extended against the interior surface 1242 (FIG. 103) of
the circumscribing sidewall of the disposable pipette tip 1220 resulting in a deformation 1244
adjacent the tnterior surface 1242 (FIG. 103) of the disposable pipette tip 1220 and with the
distal elastomeric element 160 in the final compressed and seated sealing state against the
sealing seat surface 270 of the second example embodiment of the disposable pipetie tip
1220,

[00371] Accordingly, the first working surface i1s in the form of, but not limited to, the
respective groove configurations or the uninterrupted configuration tllustrated in FIGS. 100-
103 wheretn the first substantially cylindrical interior surface section 242 is devoid of
interruption thereby defining uninterrupted interior surface section 1242 of the disposable
pipette tip 1220

[00372] Shoulder Seat Surface Comprising Axially Upwardly Projecting Rib 5020

-3
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[00373]1 In another example embodiment, FIGS. 104 and 105 detail an upper interior of a
disposable pipette tip 5000 that 1s analogous in all portions to disposable pipette tip 220
(FIG 16} with the exception of an alternative interior axially upwardly facing shoulder seat
surface having an axially upwardly facing annular groove 5010 coaxially disposed around an
axially upwardly extending circumscribing rib S020 having a continues solid circumscribing
Cross 8ection.

[00374] As illustrated in FIGS. 104 and 105, the first substantially cylindrical interior
surface section 242 is axially distally proceeded by the second substantially cylindrical
interior surface section 262 having a second diameter less than the first diameter of the first
substanttally cylindrical interior surface section 242 for forming the proximally facing,
radially inwardly extending anmular shoulder 5002 comprising the axially upwardly facing
anpuiar groove 5010 coaxially disposed around the axially upwardly extending
circumscribing rib 5020.

[003751 In one embodiment, and as illustrated in FIG. 106, the axtally upwardly extending
circumscribing rib 5020 comprises an uppermost rib seat surface or rib apex 5022
transitioning into sloping rib side surfaces 5024 and 5028, Sloping b side surface 5024
transitions into an annular convex surface 5026 that terminates to the second substantially
cylindrical intertor surface section 262, On the outer radial side of the circumscribing rib
5020, sloping side surface 5028 forms a side wall surface of a groove surface 5008 defining
the groove 5010. The groove surface 5008 further comprises a lower surface 5004 that
transitions between the side surface 5028 and a sloping side surface 5006 that transitions into
the first substantially cylindrical interior surface section 242,

[00376] In one embodiment, and referring to FIGS. 104 through 106, the axially vpwardly

extending circumscribing rib 5020 comprising the rib avex 5022 mav be formed bv. for
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example, the removal of material from the upper surface of the proximally facing, radially
inwardly extending anmular shoulder to form the groove 5010 or by the upper surface of the
proximally facing, radially inwardly extending annular shoulder being molded to be devoid of
material to form the groove 5010

1003771 Referring to FIGS. 107 and 108, the disposable pipette tip S000 can be used with
one of the pipette tip coupler devices described above such as coupling device 700 wherein
reducing the proximally facing surface area of the radially inwardly extending anmular
shoulder 5002 by forming rib apex 5022 provides an increase in the pressure between the tip
5000 and the stop shoulder surface 750 of the coupling device 700 on the rib apex 5022.
003781 Referring to FIGS. 26, 107 and 108, the axial force (Fball axial) produced by the
ball 742 engaging the groove 250 will push against the nib apex 5022 thereby producing a
seal between the tip 5000 and surface 750. Since pressure (P} is equal to force (F) divided by
area {A), reducing the surface area of the tip seating shoulder by providing the rib apex 5022
results in increased pressure (P=F/A). This increased pressure between the tip 5000 and
surface 750 provides a seal. Accordingly, the disposable pipette tip 5000 provides a new seal
for every use. In alternative embodiments, circumscribing rib 5020 may also be provided by
a sealant bead, an elastomeric washer, an O-ring, or other material to provide a configuration
exemplified by rib 5020,

[00379] Internal Seal Pipette Tip Assembly 6019

[00380] In another example embodiment, FIG. 109 illustrates an example embodiment of an
internal seal pipette tip assembly 6010 comprising an internal seal pipette tip 6020 and an
internal seal 6030.

[00381] Referring to FIGS. 109 and 110, the pipette tip 6020 is analogous in all portions to

disposable pipette tip 220 (FIG.16) with the exception of an alternative interior axially
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upwardly facing shoulder seat surface having an axially upwardly facing annular groove 6040
coaxially disposed around an axially upwardly extending circumscribing rib 6050 having an
uppermost rib seat surface or rib apex 6052

[00382] As illustrated in detail in FIG. 111, axially upwardly extending circumscribing rib
6050 comprises an uppermost rib seat surface or rib apex 6052 transitioning into an annular
convex surface 6054 on the radially inner side of the rib apex 6052 and transitioning into a
step side surface 6056 on the radially outer side of the rib apex 6052, Convex surface 6054
transitions into the second substantially cylindrical interior surface section 262 and step side
surface 6056 forms a side wall surface of a groove surface 6058 defining the groove 6040
The groove surface 6058 further comprises a lower surface 6060 that transitions between the
side surface 6056 and an axially upwardly extending side surface 6062 that transitions into
the first substantially cylindrical interior surface section 242.

[00383]1 As illustrated in FIG. 112, the internal seal 6030 is configured to be disposed for
compression in the axially upwardly facing annular groove 6040 (FIG. 111) defined by
groove surface 6058, Additionally, and as illustrated in FIG. 113, the internal seal 6030 is
further configured to comprise in its uncompressed state an axially upwardly extending
circumscribing sector portion 6032 having an axial elevation greater than the axial elevation
of the circumscribing rib apex 6052 of the axially upwardly extending circumseribing rib
6050.

[00384] The internal seal pipette tip assembly 6010 can be used with any of the pipette tip
coupler devices described above such as coupling device 700 as is illustrated in FIGS. 114
and 115 wherein the pipette tip coupler device 700 1s positioned in and operatively coupled to
the internal seal pipette tip assembly 6010 (FIG. 109). With the pipette tip coupler device

700 operatively coupled to the internal seal pipette tip assembly 6010 as is dlustrated in
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FIGS. 114 and 115, the distally facing axial stop shoulder surface 750 of the third example
embodiment of the pipette tip coupler device 700 compresses the internal seal 6030 disposed
in the axially upwardly facing annular groove 6040 to the extent of contact between the
distally facing axial stop shoulder surface 750 and the rib apex 6052 of the axially upwardly
extending circumscribing rib 6050 (FIG. 111). Once the tip assembly 6010 and the coupling
device 700 are operatively coupled together, the internal seal 6030 provides a seal between
the tip 6020 and the coupling device 700.

003851 Accordingly, the internal seal pipette tip assembly 6010 provides a new iunternal seal
6030 for every use. Additionally, the internal seal 6030 provides a secondary sealing
function and, in one embodiment, a replacement seal for distal seal 718. In one embodiment,
the internal seal 6030 may be molded in place during the molding operation of the tip 6020,
In other example embodiments, the internal seal 6030 may comprise another sealing
mechanism, such as elastomeric element such as an O-ring, elastomeric washer, a thin layer
of sealant, a sealant bead, an adhesive, or other sealant material or mechanism

[00386] A Further Aspect

003871 In light of the above, and in a further aspect, an example embodiment of a method is
provided for securing attachment of at least one pipette tip to at least one pipette tip coupler
carried by a pipetie device, the method comprising: (1) providing a pipette tip coupler
comprising an upper body portion carrying a plurality of circumferentially disposed
segments, a lower stem portion carrying an elastomeric sealing element, and a axially
downwardly facing axial stop surface located axially between the plurality of
circumferentially disposed segments and the elastomeric sealing element, the pipette tip
coupler further comprising an interior circumscribing sidewall defining a central channel

extending along a longitudinal central axis of the pipette tip counler: {2) providing a pivette
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tip comprising a sidewall having an interior circumscribing surface defining a passage
opening extending between an open distal end intended for immersion in 3 medium fo be
pipetted and an open proximal end opposite in an axial direction to the open distal end and
the pipette tip comprising an upwardly facing axial stop surface formed by an axially stepped
shoulder of the interior circumscribing surface of the sidewall of the pipette tip; (3)
translating the pipette tip coupler through the open proximal end of the pipette tip leading
with the lower stem portion; and {4) moving the plurality of circumferentially disposed
segments between a radially retracted state and a radially transiated state circumferentially for
abutting an outer portion of the plurality of circumferentially disposed segments with a first
intertor working surface of the interior circumscribing surface of the sidewall of the pipette
tip at a location axially above the upwardly facing axial stop of the pipette tip for lifting the
pipette tip to abut the upwardly facing axial stop shoulder surface of the pipette tip with the
distally facing axial stop shoulder surface of the upper body portion of the pipette tip coupler
while concurrently compressing the elastomeric element against a second interior working
surface of the interior circumscribing surface of the sidewall of the pipette tip at a location
axially below the upwardly facing axial stop shoulder surface of the pipette tip.

F00388] Industrial applicability

[003891 The above delineation of the systems, assemblies, devices, and methods including
uses and operations, demonstrate the industrial applicability of embodiment(s) of the present
disclosure.

[00390] In light of the present disclosure as set forth above, it should be apparent that further
numerous structural modifications and adaptations may be resorted to without departing from
the scope and fair meaning of the embodiment(s) of the present disclosure as set forth

hereinabove and as described hereinbelow by the claims. Hence. the spirit and scope of the
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appended claims should not be limited to the above delineated description of the
embodiment(s) of the present disclosure. And, in the appended claims reference to an
element in the singular is not intended to mean "one and only one” unless explicitly so stated,
but rather "one or more." Moreover, it is not necessary for a device or method to address
each and every problem sought to be solved by the present disclosure, for it to be

encompassed by the present claims.
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CLAIMS
What is claimed 1s;

Claim 1 - A pipette tip coupling device for coupling and releasing a pipette tip to and from a

pipette device, the pipette tip coupling device comprising:

a shank having a proximal end face;

a coupler body distal to the shank, wherein a diameter of a widest portion of the coupler

body is greater than a diameter of a widest portion of the shank;
a distal stem portion comprising:

a proximal neck; and

a distal end plate;

an open-ended intertor circumscribing surface forming an open passageway extending

longitudinally from the proximal end face through the distal end plate;

a distal elastomeric element, the distal elastomeric element disposed around the proximal
neck of the distal stem portion and adjacent to the distal end plate of the distal stem

portion; and

a pipette tip ball assembly circumscribing the shank comprising:

a plurality of spherical balls, wherein the spherical balls are circumferentially

spaced apart;

and an annular crown shaped raceway body comprising a plurality of
circumferentially spaced apart guide sockets each capable of carrying one of the
plurality of spherical balls.
Claim 2 - The pipette tip coupling device of clairn 1 wherein each one of a plurality of adjacent
pairs of circumferentially spaced apart guide sockets are separated by one of a plurality of

intervening fingers.
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Claim 3 - The pipette tip coupling device of claim 2 wherein each of the plurality of intervening
fingers further comprises at least one projecting stake disposed at an upper portion of the

intervening finger for securing one of the plurality of spherical balls.

Claim 4 - The pipette tip coupling device of claimn 1 wherein each of the circurnferentially
spaced apart guide sockets comprises a grooved socket seat for carrying one of the plurality

of spherical balls.

Claim 5 - The pipette tip coupling device of claim 1 wherein the pipette tip ball assembly is
configured to allow the plurality of spherical balls to radially advance and radially retract
relative to the circumterentially spaced apart guide sockets.

Claim 6 - The pipetie tip coupling device of claim 1 wherein the coupler body further comprises:

a proximal cylindrical portion;

a distal cylindrical portion; and

wherein the proximal cylindrical portion has a diameter that is greater than a diameter of
the distal cvlindrical portion, forming a distally facing stop shoulder surface.
Claim 7 - The pipette tip coupling device of claim 6 wherein the diameter of the distal
cylindrical portion of the coupler body is greater than a diameter of the distal end plate of the

distal stem portion of the coupler body.

Claim 8 - The pipetie tip coupling device of claim 1 further comprising an annular wedge

movably circumscribing the shank, the annular wedge comprising:

a proximal wedge surface;
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a distal wedge surface, wherein a circumterence of the proximal wedge surface 1s larger

than a circumference of the distal wedge surface;

an exterior surface, wherein the exterior surface connects the proximal wedge surface

with the distal wedge surface; and

wherein the exterior surface of the annular wedge abuts against the plurality of spherical

balls of the pipette tip ball assembly.

Claim 9 - The pipette tip coupling device of claim 8 wherein the proximal wedge surface of the

annular wedge further comprises a radially extending annular lip.

Claim 10 - The pipette tip coupling device of claim & wherein the annular wedge further
comprises a plurality of circumferentially spaced apart concave surfaces disposed in the

exterior surface of the annular wedge.

Claim 11 - The pipette tip coupling device of claim 10 wherein each of the plurality of
circumferentially spaced apart concave surfaces disposed in the exterior surface of the

annular wedge is complemental in shape to each of the plurality of spherical balls.

Claim 12 - The pipette tip coupling device of claim 8 wherein the plurality of spherical balls and

the annular wedge each further comprises an electrically conductive material.

Claim 13 - The pipette tip coupling device of claim 1 wherein the pipette tip coupling device

further comprises an annular spacer circumscribing the shank.

Claim 14 - The pipette tip coupling device of claim 1 wherein the pipette tip coupling device

further comprises an annular magnet circumscribing the shank.

Claim 15 - The pipette tip coupling device of claim 1 wherein the plurality of spherical balls are

formed from a rigid material.
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Claim 16 - The pipette tip coupling device of claim 1 wherein the elastomeric element

comprises an O-ring.

Claim 17 - The pipette tip coupling device of claum 1 wherein the annular crown shaped raceway
body has a diameter greater than the diameter of the widest portion of the coupler body,

forming a distally facing stop shoulder surface.

Claim 18 - A pipette tip coupling device for coupling and releasing a pipette tip to and from a
pipette device, the pipette tip coupling device comprising:
a shank having a proximal end face;

a coupler body distal to the shank, wherein a diameter of a widest portion of the coupler

body is greater than a diameter of a widest portion of the shank;
a distal stem portion comprising:

a proximal neck; and

a distal end plate;

an open-ended interior circumscribing surface forming an open passageway extending

longitudinally from the proximal end face through the distal end plate;

a distal elastomeric element, the distal elastomeric element disposed around the proximal
neck of the distal stem portion and adjacent to the distal end plate of the distal stem

portion; and

a pipette tip ball assembly circumscribing the shank comprising:

a plurality of spherical balls, wherein the spherical balls are circumferentially

spaced apart,

o
~3



WO 2017/218050 PCT/US2017/015801

and a ring-shaped raceway body comprising a plurality of circumferentially spaced
apart circular ball openings each capable of carrying one of the plurality of

spherical balls.

Claim 19 - The pipette tip coupling device of Claim 18 wherein the ring-shaped raceway body
further comprises a plurality of retaining stakes for securing the plurality of spherical balls in
the circular ball openings.

Claim 20 - The pipette tip coupling device of claim 18 wherein the pipette tip ball assembly is
configured to allow the plurality of spherical balls to radially advance and radially retract

relative to the circumferentially spaced apart circular ball openings.

Claim 21 - The pipette tip coupling device of claim 18 wherein the coupler body further

COMPprises:

a proximal cylindrical portion;

a distal cylindrical portion; and

wherein the proximal cylindrical portion has a diameter that is greater than a diameter of

the distal cylindrical portion, forming a distally facing stop shoulder surface.
Claim 22 - The pipette tip coupling device of claim 21 wherein the diameter of the distal
cylindrical portion of the coupler body is greater than a diameter of the distal end plate of the

distal stem portion of the coupler body.

Claim 23 - The pipette tip coupling device of claim 18 further comprising an annular wedge

movably circumscribing the shank, the annular wedge comprising:

a proximal wedge surface;
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a distal wedge surface, wherein a circumterence of the proximal wedge surface 1s larger

than a circumference of the distal wedge surface;

an exterior surface, wherein the exterior surface connects the proximal wedge surface

with the distal wedge surface; and

wherein the exterior surface of the annular wedge abuts against the plurality of spherical

balls of the pipette tip ball coupler.

Claim 24 - The pipette tip coupling device of claim 23 wherein the proximal wedge surface of

the annular wedge further comprises a radially extending annular lip.

Claim 25 - The pipette tip coupling device of claira 23 wherein the annular wedge further
comprises a plurality of circumferentially spaced apart concave surfaces disposed in the

exterior surface of the annular wedge.

Claim 26 - The pipette tip coupling device of claim 25 wherein each of the plurality of
circumferentially spaced apart concave surfaces disposed in the exterior surface of the

annular wedge is complemental in shape to each of the plurality of spherical balls.

Claim 27 - The pipette tip coupling device of claim 23 wherein the plurality of spherical balls

and the annular wedge each further comprises an electrically conductive material.

Claim 28 - The pipette tip coupling device of claim 18 wherein the plurality of spherical balls

are tormed from a rigid material.

Claim 29 - The pipette tip coupling device of claim 18 wherein the elastomeric element

comprises an O-ring,

Claim 30 - The pipette tip coupling device of claim 18 wherein the pipette tip coupling device

further comprises an annular spacer circumscribing the shank.
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Claim 31 - The pipette tip coupling device of claim 18 wherein the pipette tip coupling device

further comprises an annular magnet circurnscribing the shank.

Claim 32 - The pipette tip coupling device of claim 18 wherein the pipette tip ball assembly
further comprises a ball keeper retaining ring for securing the plurality of spherical balls 1o

the circumferentially spaced apart circular ball openings.

Claim 33 - The pipette tip coupling device of claim 18 wherein the pipette tip ball assembly
further comprises a snap ring received in a retaining groove circumscribing the ring-shaped
raceway body for securing the plurality of spherical balls in the circumferentially spaced apart

circular ball openings.

Claim 34 - The pipette tip coupling device of claim 18 wherein each of the plurality of
circumferentially spaced apart circular ball openings in the ring-shaped raceway body further
comprises an interior annular tapering surface for securing one of the plurality of spherical

balls in the circular ball openings.

Claim 35 - The pipette tip coupling device of claimn 18 wherein the ring-shaped raceway body
has a diameter greater than the diameter of the widest portion of the coupler body, forming a

distally facing stop shoulder surface.

Claim 36 - A pipette tip coupling device for coupling and releasing a pipette tip to and from a
pipetie device, the pipette tip coupling device comprising:
a shank having a proximal end face;

a coupler bady distal to the shank, wherein a diameter of a widest portion of the coupler

body 15 greater than a diameter of a widest portion of the shank;
a distal stem portion comprising!

a proximal neck; and
a0



WO 2017/218050 PCT/US2017/015801

a distal end plate;

an open-ended intertor circumscribing surface forming an open passageway extending

longitudinally from the proximal end face through the distal end plate;

a distal elastomeric element, the distal elastomeric element disposed around the proximal
neck of the distal stem portion and adjacent to the distal end plate of the distal stem

portion; and

a discrete segment assembly circumscribing the shank comprising:

a plurality of discrete segiments defining a segmented ring, wherein each of the
plurality of discrete segments comprises a radially inward surface and a radially

outward surface; and

a spring retainer radially circumscribing the radially outward surtace of each of

the plurality of discrete segments to form a radially extendable segmented ring.

Claim 37 - The pipette tip coupling device of claim 36 wherein the plurality of discrete segments

further comprises four discrete segments.

Claim 38 - The pipette tip coupling device of claim 36 wherein the radially cutward surface of
each of the plurality of discrete segments has a generally C-shaped continuous cross section

for receipt of the spring retainer.

Claim 39 - The pipette tip coupling device of claim 36 wherein the spring retainer further

includes a gap for allowing radial expansion of the spring retainer.
Claim 40 - The pipette tip coupling device of claim 36 wherein the discrete segment assembly

provides means for retaining the plurality of discrete segments that are capable of moving

between a relaxed position and an extended position.
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Claim 41 - The pipette tip coupling device of claim 36 wherein the pipette tip coupling device

further comprises an annular spacer circumscribing the shank.

Claim 42 - The pipette tip coupling device of claim 36 wherein the coupler body further

comprises:

a proximal cylindrical portion;

a distal cylindrical portion; and

wherein the proximal cylindrical portion has a diameter that is greater than a diameter of

the distal cylindrical portion, forming a distally facing stop shoulder surface.
Claim 43 - The pipette tip coupling device of claim 42 wherein the diameter of the distal
cylindrical portion of the coupler body is greater than a diameter of the distal end plate of the

distal stem portion of the coupler body.

Claim 44 - The pipette tip coupling device of claim 36 further comprising an annular wedge

movably circumscribing the shank, the anvular wedge comprising:

a proximal wedge surface;

a distal wedge surface, wherein a circumference of the proximal wedge surface 1s larger

than a circumference of the distal wedge surface;

an exterior surface, wherein the exterior surface connects the proximal wedge surface

with the distal wedge surface; and

wherein the exterior surface of the annular wedge abuts against the radially inward

surface of each of the plurality of discrete segments of the discrete segment assembly.
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Claim 45 - The pipette tip coupling device of claim 44 wherein the radially inward surface of
each of the plurality of discrete segments further comprises a partially sloped surface for

abutting against the exterior surface of the annular wedge.

Claim 46 - The pipetie tip coupling device of claim 44 wherein the proximal wedge surface of

the annular wedge further comprises a radially extending annular lip.

Claim 47 - The pipette tip coupling device of claim 44 wherein the plurality of discrete segments

and the annular wedge each further comprises an electrically conductive material.

Claim 48 - The pipette tip coupling device of claim 36 wherein the plurality of discrete segments

are formed from a rigid material.

Claim 49 - The pipette tip coupling device of claim 36 wherein the elastomeric element
comprises an O-ring.
Claim 50 - A pipette tip coupling device and pipette tip assembly comprising:

a pipette tip comprising a circumscribing sidewall with an open interior passage
extending along the central longitudinal axis of the pipette tip between an open proximal

end and an open distal end;
a pipette tip coupling device comprising:
a shank having a proximal end face;

a coupler body distal to the shank, wherein a diameter of a widest portion of the

coupler body is greater than a diameter of a widest portion of the shank;
a distal stem portion comprising:
a proximal neck; and

a distal end plate;
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an open-ended interior circumscribing surface forming an open passageway

extending longitudinally from the proximal end face through the distal end plate;

a distal elastomeric element, the distal elastomeric element disposed around the
proximal neck of the distal stem portion and adjacent to the distal end plate of the

distal stem portion; and

a pipette tip ball assembly circumscribing the shank comprising:

a plurality of spherical balls, wherein the spherical balls are circumferentially

spaced apart; and

an annular crown shaped raceway body comprising a plurality of
circumferentially spaced apart guide sockets each capable of carrying one of

the plurality of spherical balls;

wherein a portion of each of the plurality of spherical balls abuts against a first inner
surface of the circumscribing sidewall of the pipette tip for securing the pipetie tip to the
pipette tip coupling device, and wherein the elastomeric element abuts against a second
inner surface of the circumscribing sidewall of the pipette tip to form a seal between the

pipette tip coupling device and the pipette tip.

Claim 51 - The pipetie tip coupling device and pipette tip assembly of claim 50 further
comprising an annular wedge movably circumscribing the shank, the annular wedge

comprising:

a proximal wedge surface;

a distal wedge surface, wherein a circumference of the proximal wedge surface is larger

than a circumference of the distal wedge surface;

an exterior surface, wherein the exterior surface connects the proximal wedge surface

with the distal wedge surface; and
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wherein the exterior surface of the annular wedge abuts against the plurality of spherical

balls of the pipette tip ball assembly.

Claim 52 - The pipette tip coupling device and pipette tip assembly of claim 51 wherein the
proximal wedge surface of the annular wedge further comprises a radially extending annular

lip.

Claim 53 - The pipette tip coupling device and pipette tip assembly of claim 51 wherein the
plurality of spherical balls, the annular wedge, and the pipette tip each further comprises an

electrically conductive material.

Claim 54 - The pipette tip coupling device and pipetie tip assembly of claim 49 wherein each
one of a plurality of adjacent pairs of circurnferentially spaced apart guide sockets are

separated by one of a plurality of intervening fingers.

Claim 55 - The pipette tip coupling device and pipette tip assembly of claim 54 wherein each of
the plarality of intervening fingers further comprises at least one projecting stake disposed at

an upper portion of the intervening finger for securing one of the plurality of spherical balls.

Claim 56 - The pipette tip coupling device and pipette tip assembly of claim 49 wherein each of
the circumterentially spaced apart guide sockets comprises a grooved socket seat for carrying

one of the plurality of spherical balls.

Claim 57 - The pipette tip coupling device and pipette tip assembly of claim 49 wherein the
pipette tip ball assembly is configured to allow the plurality of spherical balls to radially

advance and radially retract relative to the circumferentially spaced apart guide sockets.

Claim S8 - The pipette tip coupling device and pipette tip assembly of claim 49 wherein the

pipette tip coupling device further comprises an annular spacer circumscribing the shank.
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Claim 59 - The pipette tip coupling device and pipette tip assembly of claim 49 wherein the

pipette tip coupling device further comprises an annular magnet circumscribing the shank.

Claim 60 - The pipette tip coupling device and pipette tip assembly of claim 49 wherein the

coupier body further comprises:

a proximal cylindrical portion;

a distal cylindrical portion; and

wherein the proximal cylindrical portion has a diameter that is greater than a diameter of

the distal cylindrical portion, forming a distally facing stop shoulder surface.

Claim 61 - The pipette tip coupling device and pipette tip assembly of claim 49 wherein the
annular crown shaped raceway body has a diameter greater than the diameter of the widest

portion of the coupler body, forming a distally facing stop shoulder surface.

Claim 62 - A pipette tip coupling device and pipette tip assembly comprising;
a pipette tip comprising:

a circumscribing sidewall with an open interior passage extending along the
central longitudinal axis of the pipette tip between an open proximal end and an

open distal end,

a first section comprising a substantially cylindrical surface formed in the interior
surface of the circumscribing sidewall distal to the open proximal end, the first

section having a first diameter,;

a second section comprising a substantially cylindrical surface formed 1n the
interior surface of the circumscribing sidewall distal to the first section, the

second section having a second diameter smaller than the first diameter;
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a stop shoulder surface formed in the interior surface of the circumscribing

sidewall at the interface of the first section and the second section;

a third section comprising a substantially cylindrical surface formed in the interior
surface of the circumscribing sidewall distal to the second section, the third

section having a third diameter smaller than the second diameter;

a sealing seat surface formed in the intenor surface of the circumscribing sidewall

at the interface of the second section and the third section; and

at least one frustoconical section formed in the interior surface of the

circumscribing sidewall between the third section and the distal open lower end,;
a pipette tip coupling device comprising:
a shank having a proximal end face;

a coupler body distal to the shank, wherein a diameter of a widest portion of the

coupler body is greater than a diameter of a widest portion of the shank;
a distal stem portion comprising:

a proximal neck; and

a distal end plate;

an open-ended interior circumscribing surface forming an open passageway

extending longitudinally from the proximal end face through the distal end plate;

a distal elastomeric element, the distal elastomeric element disposed around the
proximal neck of the distal stem portion and adjacent to the distal end plate of the

distal stem portion; and

a pipette tip ball assembly circumscribing the shank comprising:
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a plurality of spherical balls, wherein the spherical balls are circumferentially

spaced apart; and

an annular crown shaped raceway body comprising a plurality of
circumterentially spaced apart guide sockets each capable of carrying one of

the plurality of spherical balls;

wherein a portion of each of the plurality of spherical balls abuts against the first section
of the pipette tip for securing the pipette tip to the pipette tip coupling device, and
wherein the elastomeric element abuts against the sealing seat surface of the pipette tip to

form a seal between the pipette tip coupling device and the pipette tip.

Claim 63 - The pipette tip coupling device and pipetie tip asserubly of clairo 62 wherein the stop
shoulder surface is an annular, substantially planar surface substantially perpendicular to the

central longitudinal axis of the pipette tip.

Claim 64 - The pipette tip coupling device and pipette tip assembly of claim 62 wherein the stop

shoulder surface further comprises:
an upwardly facing annular stop surface groove; and
an upwardly extending circumseribing rib.

Claim 65 - The pipette tip coupling device and pipette tip assembly of claim 64 wherein the stop
shoulder surface further comprises an internal seal in the upwardly facing annular stop
surface groove.

Claim 66 - The pipette tip coupling device and pipette tip assembly of claim 62 wherein the

sealing seat surface 1s an annular, substantially planar surface substantially perpendicular to

the central longitudinal axis of the pipette tip.
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Claim 67 - The pipette tip coupling device and pipette tip assembly of claim 62 wherein the

sealing seat surface 1s a frustoconical annular surface further comprising:

an upper annular sealing seat surface edge at the intersection of the second section and the

sealing seat surface; and

a lower annular sealing seat surface edge at the interface of the sealing seat surface and
the third section, wherein the upper annular sealing seat surface edge 1s greater in

diameter than the lower annular sealing seat surface edge.

Claim 68 - The pipette tip coupling device and pipette tip assembly of claim 62 further
comprising an annular chamfered interior surface formed in the interior surface of the
circumscribing sidewall of the pipette tip extending radially inward from the open proximal

end and terminating at the proximal end of the first section.
Claim 69 - The pipette tip coupling device and pipette tip assembly of claim 62 wherein the at
least one frustoconical section further comprises:

a fourth section formed in the interior surface of the circumscribing sidewall distal to the

third section; and

a fitth section formed in the interior surface of the circumscribing sidewall distal to the
fourth section and proximal to the distal open end, wherein the fifth section has a greater

taper than the fourth section.

Claim 70 - The pipette tip coupling device and pipette tip assembly of claim 62 further
comprising an annular wedge movably circumscribing the shank, the annular wedge

comprising:

a proximal wedge surface;

a distal wedge surface, wherein a circumference of the proximal wedge surface is larger

than a circumference of the distal wedge surface;
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an exterior surface, wherein the exterior surface connects the proximal wedge surface

with the distal wedge surface; and

wherein the exterior surface of the annular wedge abuts against the plurality of spherical

balls of the pipette tip ball assembly.

Claim 71 - The pipette tip coupling device and pipette tip assembly of claim 70 wherein the
proximal wedge surface of the annular wedge further comprises a radially extending annular

fip.

Claim 72 - The pipette tip coupling device and pipetie tip asserbly of clairo 70 wherein the
spherical balls, the annular wedge, and the pipette tip each further comprises an electrically

conductive maierial,

Claim 73 - The pipette tip coupling device and pipette tip assembly of claim 62 wherein each
one of a plurality of adjacent pairs of circumferentially spaced apart guide sockets are

separated by one of a plurality of intervening fingers.

Claim 74 - The pipette tip coupling device and pipette tip assembly of claim 73 wherein each of
the plurality of intervening fingers further comprises at least one projecting stake disposed at

an upper portion of the intervening finger for securing one of the plurality of spherical balls.

Claim 75 - The pipette tip coupling device and pipetie tip assembly of claim 62 wherein each of
the circumferentially spaced apart guide sockets comprises a grooved socket seat for carrying

one of the plurality of spherical balls.

Claim 76 - The pipette tip coupling device and pipette tip assembly of claim 62 wherein the
pipette tip ball assembly is configured to allow the plurality of spherical balls to radially

advance and radially retract relative to the circumferentially spaced apart guide sockets.

Claim 77 - The pipette tip coupling device and pipette tip assembly of claim 62 wherein the

pipette tip coupling device further comprises an annular spacer circumscribing the shank.
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Claim 78 - The pipette tip coupling device and pipette tip assembly of claim 62 wherein the

pipette tip coupling device further comprises an annular magnet circumnscribing the shank.

Claim 79 - The pipette tip coupling device and pipette tip assembly of claim 62 wherein the

coupler body further coruprises:

a proximal cylindrical portion;

a distal cylindrical portion; and

wherein the proximal cylindrical portion has a diameter that is greater than a diameter of

the distal cylindrical portion, forming a distally facing stop shoulder surface.

Claim 80 - The pipette tip coupling device and pipette tip assembly of claim 79 wherein the
distally facing stop shoulder surface is configured to seat against the stop shoulder surface of

the pipette tip.

Claim 81 - The pipette tip coupling device and pipette tip asserubly of clairn 62 wherein the
annular crown shaped raceway body has a diameter greater than the diameter of the widest

portion of the coupler body, forming a distally facing stop shoulder surface.
Claim 82 - The pipette tip coupling device and pipette tip assembly of claim 81 wherein the
distally facing stop shoulder surface is configured to seat against the stop shoulder surface of

the pipette tip.

Claim 83 - A pipette tip coupling device and pipette tip assembly comprising:

a pipette tip comprising:
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a circumscribing sidewall with an open interior passage extending along the
central longitudinal axis of the pipette tip between an open proximal end and an

open distal end;

a first section formed in the interior surface of the circumscribing sidewall distal

to the open proximal end comprising:
a substantially cylindrical upper first portion having a first diameter;
a substantially cylindrical lower first portion having the first diameter; and

an annular groove interposed between the substantially cylindrical upper

first portion and the substantially cylindrical ower first postion;

a second section comprising a substantially cylindrical surface formed 1o the
interior surface of the circumscribing sidewall distal to the first section, the

second section having a second diameter smalier than the first diameter,;

a stop shoulder surface formed in the interior surface of the circumscribing

sidewall at the interface of the first section and the second section;

a third section comprising a substantially cylindrical surface formed in the interior
surface of the circumscribing sidewall distal to the second section, the third

section having a third diameter smaller than the second diameter,

a sealing seat surface formed in the interior surface of the circumscribing sidewall

at the interface of the second section and the third section; and

at least one frustoconical section formed in the interior surface of the

circumscribing sidewall between the third section and the distal open lower end;
a pipette tip coupling device comprising:

a shaunk having a proximal end face;
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a coupler body distal to the shank, wherein a diameter of a widest portion of the

coupler body is greater than a diameter of a widest portion of the shank;
a distal stem portion comprising:

a proximal neck; and

a distal end plate;

an open-ended interior circumscribing surface forming an open passageway

extending longitudinally from the proximal end face through the distal end plate;

a distal elastomeric element, the distal elastomeric element disposed arcund the
proximal neck of the distal stem portion and adjacent to the distal end plate of the

distal stem portion; and

a pipette tip ball assembly circumscribing the shank comprising:

a plurality of spherical balls, wherein the spherical balls are

circumterentially spaced apart; and

an annujar crown shaped raceway body comprising a plurality of
circumterentially spaced apart guide sockets each capable of carrying one

of the plurality of spherical balls;

wherein a portion of each of the plurality of spherical balls abuts against the annular
groove in the first section, and wherein the elastomertic element abuts against the sealing
seat surface of the pipette tip to form a seal between the pipette tip coupling device and

the pipette tip.

Claim 84 - The pipette tip coupling device and pipette tip assembly of claim 83 wherein the

annular groove is concave.
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Claim 85 - The pipette tip coupling device and pipette tip assembly of claim 83 wherein the stop
shoulder surface is an annular, substantially planar surface substantially perpendicular to the

central fongitudinal axis of the pipette tip.

Claim 86 - The pipetie tip coupling device and pipette tip assembly of claim 83 wherein the stop

shoulder surface further comprises:

an upwardly facing annular stop surface groove; and

an upwardly extending circumscribing rib.

Claim 87 - The pipette tip coupling device and pipette tip assembly of claim 86 wherein the stop
shoulder surface further comprises an internal seal in the upwardly facing annular stop

surface groove.

Claim B8 - The pipette tip coupling device and pipette tip assembly of claim 83 wherein the
sealing seat surface i1s an annular, substantially planar surface substantially perpendicular to

the central longitudinal axis of the pipette tip.

Claim 89 - The pipette tip coupling device and pipette tip assembly of claim 83 wherein the

sealing seat surface is a frustoconical annular surface further comprising:

an upper annular sealing seat surface edge at the intersection of the second section and the

sealing seat surface; and

a lower annular sealing seat surface edge at the interface of the sealing seat surface and
the third section, wherein the upper annular sealing seat surface edge is greater in

diameter than the lower annular sealing seat surface edge.

Claim 90 - The pipette tip coupling device and pipette tip assembly of claim 83 further
comprising an annular chamfered interior surface formed in the interior surface of the
circumscribing sidewall of the pipette tip extending radially inward from the open proximal

end and terminating at the proximal end of the first section
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Claim 91 - The pipette tip coupling device and pipette tip assembly of claim 83 wherein the at

least one frustoconical section further comprises:

a fourth section formed in the interior surface of the circumscribing sidewall distal to the

third section; and

a fifth section formed in the interior surface of the circumscribing sidewall distal to the
fourth section and proximal to the distal open end, wherein the fifth section has a greater

taper than the fourth section.

Claim 92 - The pipette tip coupling device and pipetie tip assembly of claim 83 further
comprising an annular wedge rovably circumscribing the shaok, the annular wedge

comprising:

a proximal wedge surface;

a distal wedge surface, wherein a circuraference of the proximal wedge surface 1s larger

than a circumference of the distal wedge surface;

an exterior surface, wherein the exterior surface connects the proximal wedge surface

with the distal wedge surface; and
wherein the exterior surface of the annular wedge abuts against the plurality of spherical
balls of the pipette tip ball assembly.

Claim 93 - The pipette tip coupling device of claim 92 wherein the proximal wedge surface of

the annular wedge further comprises a radially extending annular lip.

Claim 94 - The pipetie tip coupling device and pipette tip assembly of claim 92 wherein the
spherical balls, the annular wedge, and the pipette tip each further comprises an electrically

conductive material.
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Claim 95 - The pipette tip coupling device and pipette tip assembly of claim 83 wherein each
one of a plurality of adjacent pairs of circumferentially spaced apart guide sockets are

separated by one of a plurality of intervening fingers.

Claim 96 - The pipette tip coupling device and pipette tip assembly of claim 95 wherein each of
the plurality of intervening fingers tfurther comprises at least one projecting stake disposed at

an upper portion of the intervening finger for securing one of the plurality of spherical balls.

Claim 97 - The pipette tip coupling device and pipette tip assembly of claim 83 wherein each of
the circumferentially spaced apart guide sockets comprises a grooved socket seat for carrying

one of the plurality of spherical balls.
Claim 98 - The pipette tip coupling device and pipette tip assembly of claim 83 wherein the
pipette tip ball asserubly is configured to allow the plurality of spherical balls to radially

advance and radially retract relative to the circumferentially spaced apart guide sockets.

Claim 99 - The pipette tip coupling device and pipette tip assembly of claim 83 wherein the

pipette tip coupling device further comprises an annular spacer circumscribing the shank.

Claim 100 - The pipette tip coupling device and pipette tip assembly of claim 83 wherein the

pipette tip coupling device further comprises an annular magnet circumseribing the shank.

Claim 101 - The pipette tip coupling device and pipette tip assembly of claim 83 wherein the

coupier body further comprises:

a proximal cylindrical portion;

a distal cylindrical portion; and

wherein the proximal cylindrical portion has a diameter that is greater than a diameter of

the distal cylindrical portion, forming a distally facing stop shoulder surface.
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Claim 102 - The pipette tip coupling device and pipette tip assembly of claim 101 wherein the
distally facing stop shoulder surface 15 contigured to seat against the stop shoulder surface of

the pipette tip.

Claim 103 - The pipette tip coupling device and pipette tip assembly of claim 83 wherein the
annular crown shaped raceway body has a diameter greater than the diameter of the widest

portion of the coupler body, forming a distally facing stop shoulder surface.

Claim 104 - The pipette tip coupling device and pipette tip assembly of claim 103 wherein the
distally facing stop shoulder surface is configured to seat against the stop shoulder surface of
the pipette tip

Claim 105 - A pipette tip coupling device and pipette tip assembly comprising:

a pipette tip comprising a circumscribing sidewall with an open interior passage
extending along the central longitudinal axis of the pipette tip between an open proximal

end and an open distal end;
a pipette tip coupling device comprising:
a shank having a proximal end face;

a coupler body distal to the shank, wherein a diameter of a widest portion of the

coupler body is greater than a diameter of a widest portion of the shank;
a distal stem portion comprising:

a proximal neck; and

a distal end plate;

an open-ended interior circumscribing surface forming an open passageway

extending longitudinally from the proximal end face through the distal end plate;
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a distal elastomeric element, the distal elastomeric element disposed arcund the
proximal neck of the distal stem portion and adjacent to the distal end plate of the

distal stem portion; and

a pipette tip ball assembly circumscribing the shank comprising:

a plurality of spherical balls, wherein the spherical balls are

circumterentially spaced apart; and

a ring-shaped raceway body comprising a plurality of circumferentially
spaced apart circular ball openings each capable of carrving one of the

plurality of spherical balls;

wherein a portion of each of the plurality of spherical balls abuts against a first inner
surface of the circumscribing sidewall of the pipette tip for securing the pipetie tip to the
pipette tip coupling device, and wherein the elastomeric element abuts against a second
inner surface of the circumscribing sidewall of the pipette tip to form a seal between the

pipetie tip coupling device and the pipette tip.

Claim 106 - The pipette tip coupling device and pipette tip assembly of claim 105 further
comprising an annular wedge rovably circumscribing the shaok, the annular wedge

comprising:

a proximal wedge surface;

a distal wedge surface, wherein a circuraference of the proximal wedge surface 1s larger

than a circumference of the distal wedge surface;

an exterior surface, wherein the exterior surface connects the proximal wedge surface

with the distal wedge surface; and

wherein the exterior surface of the annular wedge abuts against the plurality of spherical

balls of the pipette tip ball assembly.
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Claim 107 - The pipette tip coupling device and pipette tip assembly of claim 106 wherein the
proximal wedge surface of the annular wedge further comprises a radially extending anmular

fip.

Claim 108 - The pipette tip coupling device and pipette tip assembly of claim 106 wherein the
spherical balls, the annular wedge, and the pipette tip each further comprises an electrically

conductive maierial,

Claim 109 - The pipette tip coupling device and pipette tip assembly of claim 106 wherein the
annular wedge further comprises a plurality of circumferentially spaced apart concave

surfaces disposed in the exterior surface of the annular wedge.

Claim 110 - The pipette tip coupling device and pipette tip assembly of claim 109 wherein each
of the plurality of circumferentially spaced apart concave surfaces disposed in the exterior
surface of the annular wedge 1s complemental in shape to each of the plurality of spherical

balls.

Claim 111 - The pipette tip coupling device and pipette tip assembly of claim 105 wherein the
ring-shaped raceway body further comprises a plurality of retaining stakes for securing the

plurality of spherical balls in the circular ball openings.

Claim 112 - The pipette tip coupling device and pipette tip assembly of claim 105 wherein the
pipette tip ball assembly is configured to allow the plurality of spherical balls to radially
advance and radially retract relative to the circumferentially spaced apart circular ball

openings.

Claim 113 - The pipette tip coupling device and pipette tip assembly of claim 105 wherein the

coupler body further comprises:

a proximal cylindrical portion;
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a distal cylindrical portion; and

wherein the proximal cylindrical portion has a diameter that is greater than a diameter of

the distal cvlindrical portion, forming a distally facing stop shoulder surface.

Claim 114 - The pipette tip coupling device and pipette tip assembly of claim 113 wherein the
diameter of the distal cylindrical portion of the coupler body is greater than a diameter of the

distal end plate of the distal stem portion of the coupler body.

Claim 115 - The pipette tip coupling device and pipette tip assembly of claim 105 wherein the

pipette tip coupling device further comprises an annular spacer circumscribing the shank.

Claim 116 - The pipette tip coupling device and pipette tip assembly of claim 105 wherein the

pipette tip coupling device turther comprises an annular maguoet circumscribing the shank.

Claim 117 - The pipette tip coupling device and pipette tip assembly of claim 105 wherein the
pipetie tip ball asserably further comprises a ball keeper retaining ring for securing the

spherical balls in the circumferentially spaced apart circular ball openings.

Claim 118 - The pipette tip coupling device and pipette tip assembly of claim 105 wherein the
pipette tip ball assembly further comprises a snap ring received in a retaining groove
circumscribing the ring-shaped raceway body for securing the plurality of spherical balls in

the circumferentially spaced apart circular ball openings.

Claim 119 - The pipette tip coupling device and pipette tip assermbly of claim 105 wherein each
of the plurality of circumferentially spaced apart circular ball openings in the ring-shaped
raceway body further comprises an interior annular tapering surface for securing one of the

plurality of spherical balls in the circular ball openings
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Claim 120 - The pipette tip coupling device and pipette tip assembly of claim 105 wherein the
ring-shaped raceway body has a diameter greater than the diameter of the widest portion of

the coupler body, forming a distally facing stop shoulder surface.

Claim 121 - A pipette tip coupling device and pipette tip assembly comprising:
a pipette tip comprising:

a circumscribing sidewall with an open interior passage extending along the
central longitudinal axis of the pipette tip between an open proximal end and an

open distal end;

a first section comprising a substantially cylindrical surface formed in the interior
surface of the circumscribing sidewall distal to the open proximal end, the first

section having a first diameter,;

a second section comprising a substantially cylindrical surface formed in the
interior surface of the circumscribing sidewall distal to the first section, the

second section having a second diameter smaller than the first diameter;

a stop shoulder surface formed in the interior surface of the circumscribing

sidewall at the interface of the first section and the second section;

a third section comprising a substantially cylindrical surface formed in the interior
surface of the circumscribing sidewall distal to the second section, the third

section having a third diameter smaller than the second diameter;

a sealing seat surface formed in the interior surface of the circumscribing sidewall

at the interface of the second section and the third section; and

at least one frustoconical section formed in the interior surface of the

circumscribing sidewall between the third section and the distal open lower end,;
a pipette tip coupling device comprising:

a shank having a proximal end face;
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a coupler body distal to the shank, wherein a diameter of a widest portion of the

coupler body is greater than a diameter of a widest portion of the shank;
a distal stem portion comprising:

a proximal neck; and

a distal end plate;

an open-ended interior circumscribing surface forming an open passageway

extending longitudinally from the proximal end face through the distal end plate;

a distal elastomeric element, the distal elastomeric element disposed arcund the
proximal neck of the distal stem portion and adjacent to the distal end plate of the

distal stem portion; and

a pipette tip ball assembly circumscribing the shank comprising:

a phurality of spherical balls, wherein the spherical balls are circumferentially

spaced apart, and

a ring-shaped raceway body comprising a plurality of circumferentially spaced
apart circular ball openings each capable of carrying one of the plurality of

spherical balls;

wherein a portion of each of the plurality of spherical balls abuts against the first section
of the pipette tip for securing the pipette tip to the pipette tip coupling device, and
wherein the elastomeric element abuts against the sealing seat surface of the pipette tip to

form a seal between the pipette tip coupling device and the pipette tip.

Claim 122 - The pipette tip coupling device and pipette tip assembly of claim 121 wherein the
stop shoulder surface 1s an annular, substantially planar surface substantially perpendicular to

the central longitudinal axis of the pipette tip.
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Claim 123 - The pipette tip coupling device and pipette tip assembly of claim 121 wherein the

stop shoulder surface further comprises:
an upwardly facing annular stop surface groove; and
an upwardly extending circumscribing rib.

Claim 124 - The pipette tip coupling device and pipette tip assembly of claim 123 wherein the
stop shoulder surface further comprises an internal seal in the upwardly facing annular stop

surface groove.

Claim 125 - The pipette tip coupling device and pipette tip assembly of claim 121 wherein the
sealing seat surface is an annular, substantially planar surface substantially perpendicular to

the central longitudinal axis of the pipetie tip.

Claim 126 - The pipette tip coupling device and pipetie tip assembly of claim 121 wherein the

sealing seat surface is a frustoconical annular surface further comprising:

an upper annular sealing seat surface edge at the intersection of the second section and the

sealing seat surface; and

a lower annular sealing seat surface edge at the interface of the sealing seat surface and
the third section, wherein the upper annular sealing seat surface edge is greater in

diameter than the lower annular sealing seat surface edge.

Claim 127 - The pipette tip coupling device and pipette tip assembly of claim 121 further
comprising an annular chamfered interior surface formed in the interior surface of the
circumscribing sidewal} of the pipette tip extending radially inward from the open proximal

end and terminating at the proximal end of the first section.

Claim 128 - The pipette tip coupling device and pipette tip assembly of claim 121 wherein the at

teast one frustoconical section further comprises:
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a fourth section formed in the interior surface of the circumscribing sidewall distal to the

third section; and

a fifth section formed in the interior surface of the circumscribing sidewall distal to the
fourth section and proximal to the distal open end, wherein the fifth section has a greater

taper than the fourth section.

Claim 129 - The pipette tip coupling device and pipette tip assembly of claim 121 further
comprising an annular wedge movably circumscribing the shank, the annular wedge

comprising;

a proximal wedge surface;

a distal wedge surface, wherein a circumference of the proximal wedge surface is larger

than a circumference of the distal wedge surface;

an exterior surface, wherein the exterior surface connects the proximal wedge surface

with the distal wedge surface; and

wherein the exterior surface of the annular wedge abuts against the plurality of spherical

balls of the pipette tip ball assembly.

Claim 130 - The pipette tip coupling device and pipette tip assembly of claim 129 wherein the
proximal wedge surface of the annular wedge further comprises a radially extending annular

fip.

Claim 131 - The pipette tip coupling device and pipette tip assembly of claim 129 wherein the
spherical balls, the annular wedge, and the pipette tip each further comprises an electrically

conductive material,

Claim 132 - The pipette tip coupling device and pipette tip assembly of claim 129 wherein the
annular wedge further comprises a plurality of circumferentially spaced apart concave

surfaces disposed in the exterior surface of the annular wedge.
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Claim 133 - The pipette tip coupling device and pipette tip assembly of claim 132 wherein each
of the plurality of circumferentially spaced apart concave surfaces disposed in the exterior
surface of the annular wedge 1s complemental in shape to each of the plurality of spherical

balls.

Claim 134 - The pipette tip coupling device and pipette tip assembly of claim 121 wherein the
ring-shaped raceway body further comprises a plurality of retaining stakes for securing the

plurality of spherical balls in the circular ball openings.

Claim 135 - The pipette tip coupling device and pipette tip assembly of claim 121 wherein the
pipette tip ball assembly is configured to allow the plurality of spherical balls to radially
advance and radially retract relative to the circumferentially spaced apart circular ball

openings.

Claim 136 - The pipette tip coupling device and pipetie tip assembly of claim 121 wherein the

coupler body further comprises:

a proximal cylindrical portion;

a distal cylindrical portion; and

wherein the proximal cylindrical portion has a diameter that is greater than a diameter of

the distal cvlindrical portion, forming a distally facing stop shoulder surface.

Claim 137 - The pipette tip coupling device and pipette tip assembly of claim 136 wherein the
diameter of the distal cylindrical portion of the coupler body 15 greater than a diameter of the

distal end plate of the distal stem portion of the coupler body.
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Claim 138 - The pipette tip coupling device and pipette tip assembly of claim 136 wherein the
distally facing stop shoulder surface is configured to seat against the stop shoulder surface of

the pipette tip

Claim 139 - The pipette tip coupling device and pipette tip assembly of claim 121 wherein the

pipette tip coupling device further comprises an annular spacer circumscribing the shank.

Claim 140 - The pipette tip coupling device and pipette tip assembly of claim 121 wherein the

pipette tip coupling device further comprises an annular magnet circumscribing the shank.

Claim 141 - The pipette tip coupling device and pipette tip assembly of claim 121 wherein the
pipette tip ball assembly further comprises a ball keeper retaining ring for securing the

spherical balls in the circumterentially spaced apart circular ball openings.

Claim 142 - The pipette tip coupling device and pipette tip assembly of claim 121 wherein the
pipette tip ball assembly further comprises a snap ring received in a retatning groove
circumscribing the ring-shaped raceway body for securing the plurality of spherical balls in

the circumferentially spaced apart circular ball openings.

Claim 143 - The pipette tip coupling device and pipette tip assembly of claim 121 wherein each
of the plurality of circumferentially spaced apart circular ball openings in the ring-shaped
raceway body further comprises an interior annular tapering surface for securing one of the

plurality of spherical balls in the circular ball openings.

Claim 144 - The pipette tip coupling device and pipette tip assembly of claim 121 wherein the
ring-shaped raceway body has a diameter greater than the diameter of the widest portion of

the coupler body, forring a distally facing stop shoulder surface.

Claim 145 - The pipette tip coupling device and pipetie tip assembly of claim 144 wherein the
distally facing stop shoulder surface is configured to seat against the stop shoulder surface of

the pipette tip.
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Claim 146 - A pipette tip coupling device and pipette tip assembly comprising:
a pipette tip comprising;

a circumscribing sidewall with an open interior passage extending along the
central longitudinal axis of the pipette tip between an open proximal end and an

open distal end,

a first section formed in the interior surface of the circumscribing sidewall distal

to the open proximal end comprising:
a substantially cylindrical upper first portion having a first diameter;
a substantially cylindrical lower first portion having the first diameter; and

an annular groove interposed between the substantially cylindrical upper

first portion and the substantially cylindrical lower first portion;

a second section comprising a substantially cylindrical surface formed in the
interior surface of the circumscribing sidewall distal to the first section, the

second section having a second diameter smaller than the first diameter;

a stop shoulder surface formed 1n the interior surface of the circumscribing

sidewall at the interface of the first section and the second section;

a third section comprising a substantially cylindrical surface formed in the interior
surface of the circumscribing sidewall distal to the second section, the third

section having a third diameter smaller than the second diameter;

a sealing seat surface formed in the interior surface of the circumscribing sidewall

at the interface of the second section and the third section; and

at least one frustoconical section formed in the interior surface of the

circumscribing sidewall between the third section and the distal open lower end;
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a pipette tip coupling device comprising:
a shaunk having a proximal end face;

a coupler body distal to the shank, wherein a diameter of a widest portion of the

coupler body is greater than a diameter of a widest portion of the shank;
a distal stem portion comprising;

a proximal neck; and

a distal end plate;

an open-ended interior circumscribing surface forming an open passageway

extending longitudinally from the proximal end face through the distal end plate;

a distal elastorneric element, the distal elastomeric element disposed around the
proximal neck of the distal stem portion and adjacent to the distal end plate of the

distal stem portion; and

a pipette tip ball assembly circumscribing the shank comprising:

a plurality of spherical balls, wherein the spherical balls are

circumferentially spaced apart; and

a ring-shaped raceway body comprising a plurality of circumferentially
spaced apart circular ball openings each capable of carrving one of the

plurality of spherical balls;

wherein a portion of each of the plurality of spherical balls abuts against the annular
groove in the first section, and wherein the elastomeric element abuts against the sealing
seat surface of the pipette tip to form a seal between the pipette tip coupling device and

the pipette tip.

Claim 147 - The pipette tip coupling device and pipette tip assembly of claim 146 wherein the

annular groove is concave.
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Claim 148 - The pipette tip coupling device and pipette tip assembly of claim 146 wherein the
stop shoulder surface is an annular, substantially plavar surface substantially perpendicular to

the central longitudinal axis of the pipette tip.

Claim 149 - The pipette tip coupling device and pipette tip assembly of claim 146 wherein the

stop shoulder surface further comprises:

an upwardly facing annular stop surface groove; and

an upwardly extending circumscribing tib.

Claim 150 - The pipette tip coupling device and pipetie tip assembly of claim 149 wherein the
stop shoulder surface further comprises an internal seal in the upwardly facing anunular stop

surface groove.

Claim 151 - The pipette tip coupling device and pipette tip assembly of claim 146 wherein the
sealing seat surface is an annular, substantially planar surface substantially perpendicular to

the central longitudinal axis of the pipette tip.

Claim 152 - The pipette tip coupling device and pipette tip assembly of claim 146 wherein the

sealing seat surface 1s a frustoconical annular surface further comprising:

an upper anmular sealing seat surface edge at the intersection of the second section and the

sealing seat surface; and

a lower annular sealing seat surface edge at the interface of the sealing seat surface and
the third section, wherein the upper annular sealing seat surface edge is greater in

diameter than the lower annular sealing seat surface edge.

Claim 153 - The pipette tip coupling device and pipette tip assembly of claim 146 further

comprising an annular chamfered interior surface formed in the interior surface of the
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circumscribing sidewall of the pipette tip extending radially inward from the open proximal

end and terminating at the proximal end of the first section.

Claim 154 - The pipette tip coupling device and pipette tip assembly of claim 146 wherein the at

least one frustoconical section further comprises:

a fourth section formed in the interior surface of the circumscribing sidewall distal to the

third section; and

a fitth section formed in the interior surface of the circumscribing sidewall distal to the
fourth section and proximal to the distal open end, wherein the fifth section has a greater

taper than the fourth section.

Claim 155 - The pipette tip coupling device and pipette tip assembly of claim 1406 further
comprising an annular wedge movably circumscribing the shank, the annular wedge

comprising:

a proximal wedge surface;

a distal wedge surface, wherein a circumference of the proximal wedge surface is larger

than a circumference of the distal wedge surface;

an exterior surface, wherein the exterior surface connects the proximal wedge surface

with the distal wedge surface; and
wherein the exterior surface of the annular wedge abuts against the plurality of spherical
balls of the pipette tip ball assembly.

Claim 156 - The pipette tip coupling device and pipette tip assembly of claim 155 wherein the
proximal wedge surface of the annular wedge further comprises a radially extending annular

ip.
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Claim 157 - The pipette tip coupling device and pipette tip assembly of claim 155 wherein the
spherical balls, the annular wedge, and the pipette tip each further comprises an electrically

conductive material,

Claim 158 - The pipette tip coupling device and pipette tip assembly of claim 155 wherein the
annular wedge further comprises a plurality of circumferentially spaced apart concave

surfaces disposed in the exterior surface of the annular wedge.

Claim 159 - The pipette tip coupling device and pipette tip assembly of claim 158 wherein each
of the plurality of circumferentially spaced apart concave surfaces disposed in the exterior
surface of the annular wedge 1s coroplemental in shape to each of the plurality of spherical

balls.

Claim 160 - The pipette tip coupling device and pipette tip assembly of claim 146 wherein the
ring-shaped raceway body further comprises a plurality of retaining stakes for securing the

plurality of spherical balls in the circular ball openings.

Claim 161 - The pipette tip coupling device and pipette tip assembly of claim 146 wherein the
pipette tip ball assembly is configured to allow the plurality of spherical balls to radially
advance and radially retract relative to the circumferentially spaced apart circular ball

openings.

Claim 162 - The pipette tip coupling device and pipette tip assembly of claim 146 wherein the

coupier body further comprises:

a proximal cylindrical portion;

a distal cylindrical portion; and

wherein the proximal cylindrical portion has a diameter that is greater than a diameter of

the distal cylindrical portion, forming a distally facing stop shoulder surface.
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Claim 163 - The pipette tip coupling device and pipette tip assembly of claim 162 wherein the
diameter of the distal cylindrical portion of the coupler body is greater than a diameter of the

distal end plate of the distal stem portion of the coupler body.

Claim 164 - The pipette tip coupling device and pipette tip assembly of claim 162 wherein the
distally facing stop shoulder surtace is configured to seat against the stop shoulder surface of

the pipette tip.

Claim 165 - The pipette tip coupling device and pipette tip assembly of claim 146 wherein the

pipette tip coupling device turther comprises an annular spacer circumscribing the shank.

Claim 166 - The pipette tip coupling device and pipetie tip assembly of claim 146 wherein the

pipette tip coupling device turther comprises an annular maguoet circumscribing the shank.

Claim 167 - The pipette tip coupling device and pipette tip assermbly of claim 146 wherein the
pipette tip ball assernbly further comprises a ball keeper retaining ring for securing the

spherical balls in the circumferentially spaced apast circular ball openings.

Claim 168 - The pipette tip coupling device and pipette tip assembly of claim 146 wherein the
pipette tip ball assembly further comprises a snap ring received in a retaining groove
circumscribing the ring-shaped raceway body for securing the plurality of spherical balls in

the circumferentially spaced apart circular ball openings.

Claim 169 - The pipette tip coupling device and pipette tip assembly of claim 146 wherein each
of the plurality of circumferentially spaced apart circular ball openings in the ring-shaped
raceway body further comprises an interior annular tapering surface for securing one of the

plurality of spherical balls in the circular ball openings.
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Claim 170 - The pipette tip coupling device and pipette tip assembly of claim 146 wherein the
ring-shaped raceway body has a diameter greater than the diameter of the widest portion of

the coupler body, forming a distally facing stop shoulder surface.

Claim 171 - The pipette tip coupling device and pipette tip assembly of claim 170 wherein the
distally facing stop shoulder surface 15 contigured to seat against the stop shoulder surface of
the pipette tip.

Claim 172 - A pipette tip coupling device and pipette tip assembly comprising:

a pipette tip comprising a circumscribing sidewall with an open interior passage
extending along the central longitudinal axis of the pipette tip between an open proximal

end and an open distal end;
a pipette tip coupling device comprising:
a shank having a proximal end face;

a coupler body distal to the shank, wherein a diameter of a widest portion of the

coupler body 1s greater than a diameter of a widest portion of the shank;
a distal stem portion comprising:

a proximal neck; and

a distal end plate;

an open-ended interior circumscribing surface forming an open passageway

extending longitudinally from the proximal end face through the distal end plate;

a distal elastomeric element, the distal elastomeric element disposed around the
proximal neck of the distal stern portion and adjacent to the distal end plate of the

distal stem portion; and
a discrete segment asserbly circumsceribing the shank comprising:

123



WO 2017/218050 PCT/US2017/015801

a plurality of discrete segments defining a segmented ring, wherein each of
the plurality of discrete segments comprises a radially inward surface and a

radially outward surface; and

a spring retainer radially circumscribing the radially outward surface of
each of the plurality of discrete segments to form a radially extendable

segmented ring;

wherein a portion of each of the plurality of discrete segment abuts against a first inner
surface of the circumscribing sidewall of the pipette tip for securing the pipette tip to the
pipette tip coupling device, and wherein the elastomeric element abuts against a second
inner surface of the circumscribing sidewall of the pipette tip to form a seal between the

pipette tip coupling device and the pipette tip.

Claim 173 - The pipette tip coupling device and pipette tip assembly of claim 172 wherein the

plurality of discrete segments further comprises four discrete segments.

Claim 174 - The pipette tip coupling device and pipette tip assembly of claim 172 wherein the
radially outward surface of each of the plurality of discrete segments has a generally C-

shaped continucus cross section for receipt of the spring retainer.

Claim 175 - The pipette tip coupling device and pipette tip assembly of claim 172 wherein the

spring retainer further includes a gap for allowing radial expansion of the spring retainer.
Claim 176 - The pipette tip coupling device and pipette tip assembly of claim 172 wherein the
discrete segment assembly provides means for retaining the plurality of discrete segmenis
that are capable of moving between a relaxed position and an extended position.
Claim 177 - The pipette tip coupling device and pipette tip assembly of claim 172 wherein the

pipette tip coupling device further comprises an annular spacer circumscribing the shank.
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Claim 178 - The pipette tip coupling device and pipette tip assembly of claim 172 wherein the

coupler body further comprises:

a proximal cylindrical portion;

a distal cylindrical portion; and

wheregin the proximal cylindrical portion has a diameter that is greater than a diameter of

the distal cylindrical portion, forming a distally facing stop shoulder surface.

Claim 179 - The pipette tip coupling device and pipette tip assembly of claim 178 wherein the
diameter of the distal cylindrical portion of the coupler body is greater than a diameter of the

distal end plate of the distal stem portion of the coupler body.

Claim 180 - The pipette tip coupling device and pipette tip assembly of claim 172 further
comprising an annular wedge movably circumscribing the shank, the annular wedge
comprising:

a proximal wedge surface;

a distal wedge surface, wherein a circumference of the proximal wedge surface is larger

than a circumference of the distal wedge surface;

an gxterior surface, wherein the exterior surface connects the proximal wedge surface

with the distal wedge surface; and

wherein the exterior surface of the annular wedge abuts agatost the radially inward

surface of each of the plurality of discrete segments of the discrete segment assembly.
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Claim 181 - The pipette tip coupling device of claim 180 wherein the radially inward surface of
each of the plurality of discrete segments further comprises a partially sloped surface for

abutting against the exterior surface of the annular wedge.

Claim 182 - The pipette tip coupling device and pipette tip assembly of claim 180 wherein the
proximal wedge surface of the annular wedge further comprises a radially extending annular

lip.

Claim 183 - The pipette tip coupling device and pipette tip assembly of claim 180 wherein the
plurality of discrete segments, the pipette tip, and the annular wedge each further comprises

an electrically conductive material.

Claim 184 - A pipette tip coupling device and pipette tip assembly comprising:
a pipette tip comprising:

a circumscribing sidewall with an open interior passage extending along the
central longitudinal axis of the pipetie tip between an open proximal end and an

open distal end;

a first section comprising a substantially cylindrical surface formed in the interior
surface of the circumscribing sidewall distal to the open proximal end, the first

section having a first diameter;

a second section comprising a substantially cylindrical surface formed in the
interior surface of the circumscribing sidewall distal to the first section, the

second section having a second diameter smaller than the first diameter;

a stop shoulder surface formed in the interior surface of the circumscribing

sidewall at the interface of the first section and the second section;

a third section comprising a substantially cylindrical surface formed in the interior
surface of the circumscribing sidewall distal to the second section, the third
section having a third diameter smaller than the second diameter;
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a sealing seat surface formed in the interior surface of the circumscribing sidewall

at the interface of the second section and the third section; and

at least one frustoconical section formed in the interior surface of the

circumscribing sidewall between the third section and the distal open lower end,;
a pipette tip coupling device comprising:
a shank having a proximal end face;

a coupler body distal to the shank, wherein a diameter of a widest portion of the

coupler body is greater than a diameter of a widest portion of the shank;
a distal stem portion comprising:

a proximal neck; and

a distal end plate;

an open-ended interior circumscribing surface forming an open passageway

extending longitudinally from the proximal end face through the distal end plate;

a distal elastomeric element, the distal elastomeric element disposed around the
proximal neck of the distal stem portion and adjacent to the distal end plate of the

distal stem portion; and

a discrete segment assembly circumscribing the shank comprising:

a plurality of discrete segments defining a segroented ring, wherein each of
the plurality of discrete segments comprises a radially inward surface and a

radially outward surface; and

a spring retainer radially circumscribing the radially outward surface of
each of the plurality of discrete segments to form a radially extendable

segmented ring;
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wherein a portion of each of the plurality of discrete segment abuts against the first section of
the pipette tip for securing the pipette tip to the pipette tip coupling device, and wherein the
elastomeric element abuts against the sealing seat surface of the pipette tip to form a seal

between the pipette tip coupling device and the pipette tip.

Claim 185 - The pipette tip coupling device and pipette tip assembly of claim 184 wherein the
stop shoulder surface is an annular, substantially planar surface substantially perpendicular to

the central longitudinal axis of the pipette tip.

Claim 186 - The pipette tip coupling device and pipette tip assembly of claim 184 wherein the

stop shoulder surface further comprises:

an upwardly facing annular stop surface groove; and

an upwardly extending circumscribing rib.

Claim 187 - The pipette tip coupling device and pipette tip assembly of claim 186 wherein the
stop shoulder surface further comprises an internal seal in the upwardly facing annular stop

surface groove.

Claim 188 - The pipette tip coupling device and pipetie tip assembly of claim 184 wherein the
sealing seat surface i1s an annular, substantially planar surface substantially perpendicular to

the central longitudinal axis of the pipette tip.

Claim 189 - The pipette tip coupling device and pipette tip assembly of claim 184 wherein the

sealing seat surface is a frustoconical annular surface further comprising:

an upper annular sealing seat surface edge at the intersection of the second section and the

sealing seat surface; and

a lower annular sealing seat surface edge at the interface of the sealing seat surface and
the third section, wherein the upper annular sealing seat surface edge is greater in
diameter than the lower annular sealing seat surface edoe
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Claim 190 - The pipette tip coupling device and pipette tip assembly of claim 184 further
comprising an annular chamfered interior surface formed in the interior surface of the
circumnscribing sidewall of the pipette tip extending radially inward from the open proximal

end and terminating at the proximal end of the first section.

Claim 191 - The pipette tip coupling device and pipette tip assembly of claim 184 wherein the at

least one frustoconical section further comprises:

a fourth section formed in the interior surface of the circumscribing sidewall distal to the

third section; and

a fifth section formed in the interior surface of the circumscribing sidewall distal to the
fourth section and proximal to the distal open end, wherein the fifth section has a greater

taper than the fourth section.

Claim 192 - The pipette tip coupling device and pipette tip assembly of claim 184 wherein the

plurality of discrete segments further comprises four discrete segments.

Claim 193 - The pipette tip coupling device and pipette tip assembly of claim 184 wherein the
radially outward surface of each of the plurality of discrete segments has a generally C-

shaped continuous cross section for receipt of the spring retainer,

Claim 194 - The pipette tip coupling device and pipette tip assembly of claim 184 wherein the

spring retainer further includes a gap for allowing radial expansion of the spring retainer.
Claim 195 - The pipette tip coupling device and pipette tip assembly of claim 184 wherein the
discrete segment assembly provides means for retaining the plurality of discrete segments
that are capable of moving between a relaxed position and an extended position.
Claim 196 - The pipette tip coupling device and pipette tip assembly of claim 184 wherein the

pipette tip coupling device further comprises an annular spacer circumscribing the shank.
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Claim 197 - The pipette tip coupling device and pipette tip assembly of claim 184 wherein the

coupler body further comprises:

a proximal cylindrical portion;

a distal cylindrical portion; and

wherein the proximal cylindrical portion has a diameter that is greater than a diameter of

the distal cylindrical portion, forming a distally facing stop shoulder surface.

Claim 198 - The pipette tip coupling device and pipette tip assembly of claim 197 wherein the
diameter of the distal cylindrical portion of the coupler body is greater than a diameter of the

distal end plate of the distal stem portion of the coupler body.

Claim 199 - The pipette tip coupling device and pipette tip assembly of claim 197 wherein the
distally facing stop shoulder surface is configured to seat against the stop shoulder surface of

the pipette tip.

Claim 200 - The pipette tip coupling device and pipette tip assembly of claim 184 further
comprising an annular wedge movably circumscribing the shank, the annular wedge

comprising;

a proximal wedge surface;

a distal wedge surface, wherein a circumterence of the proximal wedge surface 1s larger

than a circumference of the distal wedge surface;

an exterior surface, wherein the exterior surface connects the proximal wedge surface

with the distal wedge surface; and

wherein the exterior surface of the annular wedge abuts against the radially inward
surface of each of the plurality of discrete segments of the discrete segment asserobly.
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Claim 201 - The pipette tip coupling device of claim 200 wherein the radially inward surface of
each of the plurality of discrete segments further comprises a partially sloped surface for

abutting against the exterior surface of the annular wedge.

Claim 202 - The pipette tip coupling device and pipette tip assembly of claim 200 wherein the
proximal wedge surface of the annular wedge further comprises a radially extending annular

fip.

Claim 203 - The pipette tip coupling device and pipette tip assembly of claim 200 wherein the
plurality of discrete segments, the pipette tip, and the anvular wedge each further comprises
an electrically conductive material.

Claim 204 - A pipette tip coupling device and pipette tip assembly comprising:

a pipette tip comprising

a circumscribing sidewall with an open interior passage extending along the
central longitudinal axis of the pipette tip between an open proximal end and an

open distal end;

a first section formed in the interior surface of the circumscribing sidewall distal

to the open proximal end comprising;
a substantially cylindrical upper first portion having a first diameter;
a substantially cylindrical lower first portion having the first diameter; and

an annular groove interposed between the substantially cylindrical upper

first portion and the substantially cylindrical lower first portion;

a second section comprising a substantially cylindrical surface formed 1n the
interior surface of the circumscribing sidewall distal to the first section, the

second section having a second diameter smaller than the first diameter;
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a stop shoulder surface formed in the interior surface of the circumscribing

sidewall at the interface of the first section and the second section;

a third section comprising a substantially cylindrical surface formed in the interior
surface of the circumscribing sidewall distal to the second section, the third

section having a third diameter smaller than the second diameter;

a sealing seat surface formed in the intenor surface of the circumscribing sidewall

at the interface of the second section and the third section; and

at least one frustoconical section formed in the interior surface of the

circumscribing sidewall between the third section and the distal open lower end,;
a pipette tip coupling device comprising:
a shank having a proximal end face;

a coupler body distal to the shank, wherein a diameter of a widest portion of the

coupler body is greater than a diameter of a widest portion of the shank;
a distal stem portion comprising:

a proximal neck; and

a distal end plate;

an open-ended interior circumscribing surface forming an open passageway

extending longitudinally from the proximal end face through the distal end plate;

a distal elastomeric element, the distal elastomeric element disposed around the
proximal neck of the distal stem portion and adjacent to the distal end plate of the

distal stem portion; and

a discrete segment assembly circumscribing the shank comprising:
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a plurality of discrete segments defining a segmented ring, wherein each of the
plurality of discrete segments comprises a radially inward surface and a

radially outward surface; and

a spring retainer radially circumscribing the radially outward surface of each
of the plurality of discrete segments to form a radially extendable segmented

ring;

wherein a portion of each of the plurality of discrete segment abuts against the annular groove
in the first section, and wherein the elastomeric element abuts against the sealing seat surface

of the pipette tip to form a seal between the pipette tip coupling device and the pipetie tip.
Claim 205 - The pipette tip coupling device and pipette tip assembly of claim 204 wherein the

annular groove 1s concave.

Claim 206 - The pipette tip coupling device and pipette tip assembly of claim 204 wherein the
stop shoulder surface is an annular, substantially planar surface substantially perpendicular to

the central longitudinal axis of the pipetie tip.

Claim 207 - The pipette tip coupling device and pipette tip assembly of claim 204 wherein the

stop shoulder surface further comprises:

an upwardly facing annular stop surface groove; and

an upwardly extending circumsecribing rib.

Claim 208 - The pipette tip coupling device and pipette tip assembly of claim 207 wherein the

stop shoulder surface further comprises an internal seal in the upwardly facing anmular stop

surface groove.
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Claim 209 - The pipette tip coupling device and pipette tip assembly of claim 204 wherein the
sealing seat surface i1s an annular, substantially planar surface substantially perpendicular to

the central longitudinal axis of the pipette tip.

Claim 210 - The pipette tip coupling device and pipette tip assembly of claim 204 wherein the

sealing seat surface 1s a frustoconical annular surface further comprising:

an upper anmular sealing seat surface edge at the intersection of the second section and the

sealing seat surface; and

a lower annular sealing seat surface edge at the interface of the sealing seat surface and
the third section, wherein the upper annular sealing seat surface edge 1s greater in

diameter than the lower annular sealing seat surface edge.

Claim 211 - The pipette tip coupling device and pipette tip assembly of claim 204 further
comprising an annular chamfered interior surface formed in the interior surface of the
circumscribing sidewall of the pipette tip extending radially inward from the open proximal

end and terminating at the proximal end of the first section.

Claim 212 - The pipette tip coupling device and pipette tip assembly of claim 204 wherein the at

least one frustoconical section further comprises:

a fourth section formed in the interior surtace of the circumscribing sidewall distal to the

third section; and

a fifth section formed in the interior surface of the circumscribing sidewall distal to the
fourth section and proximal to the distal open end, wherein the fifth section has a greater

taper than the fourth section.

Claim 213 - The pipette tip coupling device and pipette tip assembly of claim 204 wherein the

plurality of discrete segments further comprises four discrete segments.
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Claim 214 - The pipette tip coupling device and pipette tip assembly of claim 204 wherein the
radially outward surface of each of the plurality of discrete segments has a generally C-

shaped continuous cross section for receipt of the spring retainer,

Claim 215 - The pipette tip coupling device and pipette tip assembly of claim 204 wherein the

spring retainer further includes a gap for allowing radial expansion of the spring retainer.

Claim 216 - The pipette tip coupling device and pipette tip assembly of claim 204 wherein the
discrete segment assembly provides means for retaining the plurality of discrete segments

that are capable of moving between a relaxed position and an extended position.

Claim 217 - The pipette tip coupling device and pipette tip assembly of claim 204 wherein the

pipette tip coupling device further comprises an annular spacer circumscribing the shank.

Claim 218 - The pipette tip coupling device and pipette tip assembly of claim 204 wherein the

coupler body further comprises:

a proximal cylindrical portion;

a distal cylindrical portion; and

wherein the proximal cylindrical portion has a diameter that 15 greater than a diameter of

the distal cylindrical portion, forming a distally facing stop shoulder surface.

Claim 219 - The pipette tip coupling device and pipette tip assembly of claim 218 wherein the
diameter of the distal cylindrical portion of the coupler body is greater than a diameter of the

distal end plate of the distal stem portion of the coupler body.

Claim 220 - The pipette tip coupling device and pipette tip assembly of claim 218 wherein the
distally facing stop shoulder surface is configured to seat against the stop shoulder surface of

the pipette tip.

f—
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Claim 221 - The pipette tip coupling device and pipette tip assembly of claim 204 further
comprising an annular wedge movably circumscribing the shank, the annular wedge

comprising:

a proximal wedge surface;

a distal wedge surface, wherein a circumference of the proximal wedge surface is larger

than a circumference of the distal wedge surface;

an exterior surface, wherein the exterior surface connects the proximal wedge surface

with the distal wedge surface; and

wherein the exterior surface of the annular wedge abuts against the radially inward

surface of each of the plurality of discrete segments of the discrete segment assembly.

Claim 222 - The pipette tip coupling device of claim 221 wherein the radially inward surface of
each of the plurality of discrete segments further comprises a partially sloped surface for

abutting against the exterior surface of the annular wedge.

Claim 223 - The pipette tip coupling device and pipette tip assembly of claim 221 wherein the
proximal wedge surface of the annular wedge further comprises a radially extending annular

lip.

Claim 224 - The pipette tip coupling device and pipette tip assembly of claim 221 wherein the
plurality of discrete segments, the pipette tip, and the annular wedge each further comprises

an electrically conductive material.

Claim 225 - A pipette tip comprising;

a circumscribing sidewall with an open interior passage extending along a central

fongitudinal axis of the pipetie tip between an open proximal end and an open distal end,
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a first section formed in the interior surface of the circumscribing sidewall distal to the

open proximal end, the first section comprising:
a substantially cylindrical upper first portion having a first diameter;
a substantially cylindrical lower first portion having the first diameter; and

an annular groove interposed between the substantially cylindrical upper first

portion and the substantially cylindrical lower first portion;

a second section comprising a substantially cylindrical surface formed in the interior
surface of the circumscribing sidewall distal to the first section, the second section having

a second diameter smaller than the first diameter;

a stop shoulder surface formed in the interior surface of the circumscribing sidewall at the

interface of the first section and the second section, the stop shoulder surface comprising;
an upwardly facing annular stop surface groove; and
an upwardly extending circumscribing rib;

a third section that comprising a substantially cylindrical surface forred in the interior
surface of the circumscribing sidewall distal to the second section, the third section

baving a third diameter smaller than the second diameter;

a sealing seat surface formed in the interior surface of the circumscribing sidewall at the

interface of the second section and the third section; and

at least one frustoconical section formed 1o the interior surface of the circumscribing

sidewall between the third section and the distal open lower end.

Claim 226 - The pipette tip of claim 225 wherein the stop shoulder surface further comprises an

internal seal in the upwardly tacing annular stop surface groove.
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Claim 227 - The pipette tip of claim 225 wherein the sealing seat surface is an annular,
substantially planar surface substantially perpendicular to the central longitudinal axis of the

pipette tip.

Claim 228 - The pipette tip of claim 225 wherein the sealing seat surface is a frustoconical

annular surface further comprising:

an upper anmular sealing seat surface edge at the intersection of the second section and the

sealing seat surface;

a lower annular sealing seat surface edge at the interface of the sealing seat surface and

the third section; and

wherein the upper annular sealing seat surface edge is greater in diameter than the lower

annular sealing seat surface edge.

Claim 229 - The pipette tip of claim 225 wherein the circumscribing sidewall further comprises

an electrically conductive material.

Claim 230 - A pipette tip coupling device and pipette tip assembly comprising:

a pipette tip;

a pipette tip coupler body having an upper seating surface and a distally facing axial stop
surface that is complementary to a proximally facing axial stop surface of an axially

stepped shoulder of an interior circumscribing surtace of a sidewall of the pipette tip;

a distal stem portion distally extending from a distal surface of the pipetie tip coupler
body along a central longitudinal axis of the pipette tip coupler body and terminating to a

distal end;

a distal elastomeric element circumscribing the distal stem portion, the distal elastomeric
element comprising a relaxed state and a compressed ctate confionred for sealine and
138
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abutting the distal elastomeric element with a circumferential radially inwardly angled
and distally extending distal sealing surface of the interior circumscribing surface of the
sidewall of the pipette tip located in an area inferior to the axially stepped shoulder of the

pipette tip; and

a plurality of individual elements circumferentially spaced apart and mounted on the
upper seating surface of the pipette tip coupler body wherein the plurality of individual
elements are configured to extend between circumferentially spaced apart radially
retracted positions and circumferentially spaced apart radially advanced positions for
providing an abutment of the phurality of individual elements with a first interior working
surface of the interior circumscribing surface of the sidewall of the pipette tip in an area
superior to the axially stepped shoulder of the pipette tip while the distal elastomeric
element is concurrently in the compressed state and the upwardly facing axial stop surface
of the pipette tip 15 1n abutment with the downwardly facing axial stop surface of the
pipette tip coupler body to define an axial coupling position of the pipette tip on the

pipette tip coupler device.
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