wO 20197226912 A1 |0 0000 000000 0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2019/226912 Al

28 November 2019 (28.11.2019) WIPO I PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
BO1L 3/02 (2006.01) GOIN 1/14 (2006.01) kind of national protection available). AE, AG, AL, AM,
GOIN 1/00 (2006.01) GOIN 35/10 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, €O, CR, CU, CZ, DE, DI, DK, DM, DO,
PCT/US2019/033785 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
(22) International Filing Date: KR, KW KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
23 May 2019 (23.05.2019) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
- . OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(25) Filing Language: English SC, SD, SE, SG, SK, SL, SM., ST, SV, SY, TH, TJ, TM. TN,
(26) Publication Language: English TR, TT, TZ, UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (unless otherwise indicated, for every
62/675,323 23 May 2018 (23.05.2018) us kind of regional protection available). ARIPO (BW, GH,
16/419,800 22 May 2019 (22.05.2019) USsS GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
i UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(71) Applicant: VISTALAB TECHNOLOGIES, INC. TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
[US/US], 2 Geneva Road, Brewster, New York 10509 (US). EE. ES, FIL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Inventors: SCORDATO, Richard E.; c/o VISTALAB MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, S, SK, SM,
TECHNOLOGIES, INC., 2 Geneva Road, Brewster, New TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
York 10509 (US). CALHOUN, Jeffrey; c/o VISTALAB KM, ML, MR, NE, SN, TD, TG).
TECHNOLOGIES, INC., 2 Geneva Road, Brewster, New
York 10509 (US).
(74) Agent: FRANK, Michele V., Venable LLP, P.O. Box

34385, Washington, District of Columbia 20043 (US).

(54) Title: METHOD AND APPARATUS FOR DISPENSING PRECISE ALIQUOTS OF LIQUID

(57) Abstract: A pipette controller for aspirating and dispensing multiple

FIG. 1

aliquots of a fluid from a reservoir of fluid. The pipette controller can in-
clude a pipette holder adapted to operatively connect a pipette to the pipette
holder; a pump having a vacuum port and a pressure port, the pump pneu-
matically connected to the pipette holder; an aspirate valve that controls air-
flow between the vacuum port and the pipette holder; a dispense valve that
controls airflow between the pressure port and the pipette holder; a piston
chamber; an aliquot dispense pump including a piston having a shaft that
extends into the piston chamber, the shaft defining a stroke length; and an
aliquot check valve that connects the pipette holder and the aliquot dispense
pump; wherein the aliquot valve opens to allow airflow into the pipette hold-
er upon engagement of the aliquot dispense valve. The pipette controller can
also include a piston pump pneumatically connected to the pipette holder
configured to deliver a bolus of air to the pipette holder.
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METHOD AND APPARATUS FOR DISPENSING PRECISE ALIQUOTS OF
LIQUID
CROSS-REFERENCE TO RELATED APPLICATION
[0001] The application claims priority to U.S. Patent Application No. 16/419,800
filed May 22, 2019, and to U.S. Provisional Application No. 62/675,323 filed May 23, 2018,

the entire contents of each are hereby incorporated by reference.

BACKGROUND OF THE INVENTION
FIELD OF INVENTION
[0002] This patent application relates generally to a method and apparatus for
precisely dispensing multiple aliquots of a fluid from a reservoir of fluid or precisely
aspirating aliquots of fluid into said reservoir. The fluid in the reservoir can alternatively be
manually aspirated and dispensed by the apparatus. The volume of the aliquot can readily be
varied. This invention has particular application in laboratory practice for aspirating a
quantity of fluid into a serological pipette and then dispensing precise aliquots of the fluid.
BACKGROUND
[0003] Serological pipettes are widely used for liquid measurement and dispensing in
laboratories that perform, for example, drug development, environmental testing, and
diagnostic testing. These pipettes can be described as glass or plastic straws, and can be, for
example, approximately 30 cm long with graduations printed on them. Traditionally, liquid
was drawn into these pipettes by applying suction to the top end by mouth or a rubber bulb.
Liquid is measured by aspirating to a graduation line, and then dispensed by removing the
suction. Current practice often employs a pipette controller such as a Drummond Scientific
Pipette-Aid or a BrandTech Scientific acu-jet Pro Pipette Controller which use a small battery
powered air pump and trigger-style pneumatic valves to manipulate pressure inside of

serological pipettes to draw up and expel liquid.
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[0004] Frequently, multiple aliquots of a sample must be dispensed for the analytical
process. To do this the user first aspirates slightly more than the required volume and then
slowly dispenses sample until the meniscus of the fluid aligns with a graduation line on the
serological pipette. This is the starting volume. The user must note this reading and then
dispense fluid until the meniscus drops to the graduation line corresponding to the difference
between the starting volume and the desired dispense volume. If another aliquot is required,
the user dispenses again to the graduation line corresponding to the difference between the
prior reading and the desired volume. This methodology has problems. It is time consuming
because the meniscus must be carefully read for each dispense. This requires holding the
pipette controller very steady while reading the meniscus and simultaneously dispensing into
the correct test vessel. This is a time consuming and fatiguing process when it must be
repeated many times.

[0005] There are also multiple sources of error with the above described method: the
meniscus must be read twice to obtain an accurate reading, and the user must subtract the first
reading from the second reading. This is easy when a common volume like 1ml is needed, but
difficult for repetitive dispensing of 1.3ml, for example. There is also an error associated with
taking the difference between two larger numbers. For example, one can read a 25ml
serological pipette to an accuracy of 0.25ml or 1%. However, if one attempts to dispense 25
aliquots of 1ml this 0.25ml error translates to a potential error of 0.5 ml since two readings
are required. This is an error of 50% which is not acceptable for most analyses.

[0006] Previous methods to dispense multiple aliquots of fluid have depended upon
methods that are cumbersome and lack flexibility. For example, U.S. Patent No. 4,406,170
describes a device that can dispense aliquots from a syringe. This device can be quite

accurate; however, it requires the use of syringes which are more expensive than serological
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pipettes, are harder to load into the device, do not easily enable the range of volumes, and
cannot reach into vessels that require a longer length.

[0007] Piston operated, air-displacement pipettes such as one described in U.S. Patent
No. 4,821,586 are capable of dispensing multiple aliquots. However, this method requires a
piston displacement that is equal to the volume to be aspirated. Serological pipettes are often
used to aspirate SOml. This method requires a large and impractically sized piston to aspirate
this large of a volume. In addition, the range of volumes that can be dispensed accurately is
limited because of the air contained between the liquid sample and the piston—the “dead
volume.” As the dead volume increases, the accuracy decreases. This method therefore
requires several sizes of pistons to accurately dispense the normal volumes used in a
laboratory.

[0008] U.S. Patent No. 7,396,512 attempts to overcome the above difficulties by
controlling the time that air flows into a serological pipette to control the volume dispensed.
Pressures on both sides of the valve are monitored. This design has several fundamental
shortcomings. One shortcoming is that the volume dispensed will be decreased if the back
pressure from the serological pipette is increased by, for example, the tip of the serological
pipette being partially occluded by a vessel wall or if the tip is immersed in fluid. The flow is
also dependent upon the viscosity of the liquid dispensed. Another difficulty is that the
delivered volume is dependent upon the size of serological pipette attached to the device.
This means that the user must inform the device of the size pipette being used. In most labs,
serological pipettes are disposable and changed constantly, oftentimes with a different
volume capacity. This device requires the user to enter the volume and the manufacturer of
the serological pipette to obtain accurate results. This is time consuming and an impractical

burden on the user.
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[0009] Therefore, what is required is a pipette controller that can aspirate a relatively
larger volume of fluid into a serological pipette and then quickly and accurately dispense a
series of smaller aliquots by depressing a button. In addition, the volume of the aliquot can be
easily set, and the volume dispensed is not dependent upon the size of serological pipette that
is mounted to the pipette controller, the viscosity of the sample, or how the sample is

dispensed.

SUMMARY
[0010] According to an embodiment, a pipette controller is disclosed comprising: a
pipette holder adapted to operatively connect a pipette to the pipette controller; a pump
having a vacuum port and a pressure port, the pump pneumatically connected to the pipette
holder; an aspirate valve that controls airflow between the vacuum port and the pipette
holder; a dispense valve that controls airflow between the pressure port and the pipette
holder; a piston chamber; an aliquot dispense pump including a piston having a shaft that
extends into the piston chamber, the shaft defining a stroke length; and an aliquot check valve
that connects the pipette holder and the aliquot dispense pump; wherein the aliquot check
valve opens to allow airflow into the pipette holder upon engagement of the aliquot dispense
valve.
[0011] According to another embodiment, a method for delivering fluid from a
pipette using a pipette controller is disclosed comprising: selecting an aliquot volume to be
dispensed; determining an amount of air to insert into the pipette to dispense a volume of
fluid equal to the selected aliquot volume; determining a number of steps delivered by a
stepper motor to drive a piston in a piston chamber to deliver the amount of air into the
pipette; and opening an aliquot valve to allow airflow from the piston chamber into the

pipette, the airflow dispensing the fluid from the pipette.
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[0012] A method and apparatus are disclosed that can aspirate fluid into a vessel such
as a serological pipette and dispense a series of aliquots. According to embodiments, the
apparatus can be a hand-held device configured like a pistol which employs a rubber seal to
mount a serological pipette. According to an embodiment, controls for manual aspiration,
manual dispense, aliquot dispense, and aliquot volume are provided. A pump can provide
suction for aspirating fluid and pressure for dispensing fluid from the serological pipette. An
aspirate control operates valves that connect pump inlet, the vacuum port of the pump, to the
pipette, and a dispense control operates a valve(s) that connect pump outlet, the pressure port
of the pump, to the pipette.

[0013] A separate aliquot dispense pump can be provided. In an embodiment, the
aliquot dispense pump is a piston pump that delivers a measured bolus of air through a check
valve to the serological pipette with each stroke of the piston. The bolus of air causes a
measured aliquot of fluid to be dispensed from the serological pipette. Repeated aliquots can
be dispensed by repeated actuation of the pump. The size of the bolus of air, and hence the
aliquot volume, can be varied by changing the stroke length of the piston. Changing the
stroke length of the piston can be achieved by a threaded stop to the piston stroke. The stop
position relative to the piston can be, for example, varied by rotating a control that moves the
threaded stop. A dial or counter can be actuated by the rotating control to provide an
indication of the volume to be dispensed. This control can also actuate the aliquot pump by
manually depressing the control to move the piston.

[0014] According to an embodiment, the aliquot dispense pump can be driven by a
stepper motor. The number of steps by the motor determines the stroke length, and hence the
aliquot volume of fluid delivered. A user control informs a processor of the desired aliquot

volume, and the processor controls the stepper motor to deliver the number of steps required
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for the desired aliquot volume. This embodiment allows a different volume to be delivered
with each aliquot. For example, the first aliquot could be 1ml, the second aliquot 2ml, etc.
[0015] According to an embodiment, pressure sensors can detect atmospheric
pressure and/or pressure in the serological pipette and/or the piston chamber. Greater
accuracy of aliquot volume can be achieved by modifying the number steps for a particular
aliquot volume depending upon the atmospheric pressure and/or the pressure(s) in the
serological pipette. This modification can be determined by mathematical formula or table
values determined either experimentally and/or theoretically. The processor can also count
the number of aliquots dispensed and apply a correction factor for the remaining volume in
the pipette.

[0016] According to an embodiment, a position sensor can determine the angle at
which the pipette is being held. The number of steps for an aliquot can be modified to
compensate for this angle.

[0017] According to an embodiment, a DC motor with a drive system such as a cam

can be used to drive the piston pump.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] The foregoing and other features and advantages will be apparent from the
following, more particular, description of various exemplary embodiments, as illustrated in
the accompanying drawings, wherein like reference numbers generally indicate identical,
functionally similar, and/or structurally similar elements.
[0019] FIG. 1 is a side view of an embodiment of the invention employing manual
dispensing of aliquoted fluid;
[0020] FIG. 2 is a side view of an embodiment of the invention employing motor

driven dispensing of aliquoted fluid;
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[0021] FIG. 3 is a schematic diagram of the manual dispensing embodiment of FIG.
L
[0022] FIG. 4 is a schematic diagram of the motor driven dispensing embodiment of
FIG. 2;
[0023] FIG. 5 is a schematic diagram of another motor driven embodiment; and
[0024] FIG. 6 is a schematic diagram of serological pipette at an angle.

DETAILED DESCRIPTION
[0025] Various embodiments of the invention are discussed in detail below. While

specific embodiments are discussed, it should be understood that this is done for illustration
purposes only. A person skilled in the relevant art will recognize that other components and
configurations can be used without departing from the spirit and scope of the invention.
[0026] Although the term “pipette” and “pipette controller” can be used to describe
embodiments of the invention, a person skilled in the relevant art will recognize that other
devices that aspirate fluids can be used without departing from the spirit and scope of the
invention.

[0027] Figures 1 and 3 show embodiments of pipette controller 41. Serological
pipette 1 is removably connected to pipette controller 41 by cone seal 2 which provides an air
tight seal. Aspirate control 15 and dispense control 13 enable the user to aspirate and dispense
fluid into pipette 1, by pneumatically connecting the pump inlet port 39 or pump outlet port
40, respectively, of pump 24 (see FIGS. 3-5). The speed of aspiration and dispense can be
varied by the amount of finger pressure applied to aspirate control 15 and dispense control
13, respectively. Aliquot control 4 (FIG. 1) can set the aliquot volume desired by rotating the
control. Mechanical display 5 can be a counter wheel assembly such that rotating the aliquot

control 4 changes the reading of mechanical display 5. Referring to FIG. 3, rotation of aliquot
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control 4 can rotate the plunger drive gear 11 which in turn rotates the volume display drive
gear 12 which then changes the mechanical display 5. Rotation of aliquot control 4 also
rotates threaded stop 6 which moves the threaded stop 6 axially along the axis of plunger
shaft 10 and plunger 7. When plunger stop 6 moves toward the distal end of plunger housing
9, the stroke of plunger 7 is shortened and the volume of air delivered with each stroke of the
plunger to pipette 1 is reduced. The threaded stop 6 and plunger drive gear 11 can be driven
by a spline on plunger shaft 10 so that the plunger shaft 10 can move axially through the stop
6 and plunger drive gear 11 to actuate plunger 7. Chamber 21 can be sealed from the
atmosphere by seal 8. Finger pressure on aliquot control 4 moves plunger 7 inside plunger
housing 9, compresses the air in chamber 21 and forces air through check valve 17, air tube
19 and cone seal 2 into pipette 1. When finger pressure is released from aliquot control 4,
return spring 20 returns plunger 7 to its resting state. This action causes a partial vacuum in
chamber 21 which refills the chamber 21 with air from the atmosphere through check valve
18. According to embodiments, the diameter of plunger 7 and maximum stroke length of the
plunger 7 set by threaded stop 6 can be sized to displace about Sml, though this can be sized
for much smaller or larger volumes. In an embodiment with a maximum displacement of Sml,
a minimum stroke length can displace about 1/10 of this volume, 0.5ml. This provides the
ability to repetitively dispense aliquots from 0.5ml to Sml. For a commonly used 25ml
serological pipette, this embodiment enables from 5 to 50 aliquots depending upon the aliquot
volume selected. According to embodiments, the pipette controller can repetitively dispense
aliquots from about 0.05ml to about 25ml. In some embodiments, the pipette controller can
repetitively dispense aliquots of at least 0.1ml. In some embodiments, the pipette controller
can respectively dispense aliquots of at most 25ml. In some embodiments, the pipette

controller can repetitively dispense successive aliquots of about the same volume. In some
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embodiments, the pipette controller can repetitively dispense successive aliquots of different
volumes.

[0028] According to embodiments, when aspirate control 15 is depressed it engages
aspirate switch 16 and aspirate valves 22 and 23 which are normally closed. When engaged
by aspirate control 15, aspirate valve 23 opens connecting the output 40 of pump 24 to the
atmosphere, and aspirate valve 22 opens connecting the pump input 39 of pump 24 to the
pipette 1 via air tube 19 and cone seal 2. Aspirate switch 16 turns on pump 24. This causes
suction to be applied to pipette 1 which will draw fluid into the pipette. Aspirate valve 22
and/or 23 can be variable valves such that the amount of pressure or displacement on aspirate
control 15 varies the degree of opening of the valve which in turn controls the speed of
aspiration of fluid into pipette 1. According to embodiments, alternatively, aspirate switch 16
can be replaced with a rheostat or digital position sensor which can vary the aspirating speed
by changing the speed of pump 24. According to embodiments, dispense control 13 can open
dispense valves 25 and 26, reversing the function of the aspirate valves 22 and 23 by
connecting the pump inlet 39 of pump 24 to atmosphere and the pump outlet 40 to pipette 1.
Dispense control 13 energizes dispense switch 14 which turns on pump 24 and causes fluid to
be dispensed from pipette 1. Pump 24 can be, for example, a diaphragm pump that can be
operated by battery power such as YLKTech DA31SDC.

[0029] FIGS. 2 and 4 show an embodiment of a pipette controller 41 that uses aliquot
motor 27 to move plunger 7 within the plunger housing 9. The aliquot motor can be a stepper
motor with a threaded armature that engages with a threaded plunger shaft 10. Rotation of
aliquot motor 27 will move the plunger shaft 10 and plunger 7 linearly within the plunger
housing 9. Chamber 21 is sealed from the atmosphere by seal 8. Movement of plunger 7 can
expel air from chamber 21 into pipette 1 and refill chamber 21 with atmospheric air as

described above. Operation of aliquot motor 27 can be controlled by CPU 28. CPU 28 can be,
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for example, an Atmel ATMEGA32U4. Initiation of an aliquot can occur by depressing
aliquot control 29 which actuates aliquot switch 30, which in turn informs CPU 28.The
desired aliquot volume may be set from aliquot volume control 42. CPU 28 then rotates
aliquot motor 27 the number of steps to move the plunger shaft 10 and plunger 7 that will
aliquot the desired volume(s). Aliquot volume control 42 can be a potentiometer, hall effect
sensor such as AMS AS5601, keyboard, or other input device.

[0030] There are several advantages to the embodiment of FIGS. 2 and 4. Because the
stroke length of plunger 7 is controlled by aliquot motor 27 and CPU 28, the stroke can be
varied based on several factors. For example, sequential aliquots need not be identical
volumes as is the case for the embodiment in Figure 3. Input/Output (I/O) device 31 can
include a display and/or input device such as a keypad or touch-screen. 1/0 31 can be used to
instruct CPU 28 to, for example, make the first aliquot 1ml, the second aliquot 2ml, the third
aliquot 4ml, etc. CPU 28 then adjusts the stroke length by control of aliquot motor 27.

[0031] Since the relationship between the stroke length of piston 7 and aliquot
volume dispensed can be nonlinear, the CPU 28 can adjust the stroke length to provide a
more accurate delivery. For example, if a 10mm displacement of plunger 7 provides a
delivery of 1ml, a 1mm displacement may not vield a delivery of 0.1ml, but rather 0.098ml
due to factors such as the “dead volume™ of air between the fluid in pipette 1 and piston 7. In
this case the CPU can increase the stroke length to compensate. The amount of compensation
can be determined empirically or by mathematical formula. The CPU can then either access
the proper compensation by a look-up table or mathematical calculation.

[0032] According to embodiments, greater accuracy of the aliquot volume can be
attained by using nozzle pressure sensor 32, atmospheric pressure sensor 33, and chamber
pressure sensor 34. These pressure sensors can be, for example, BMP280 (Bosch Sensortec,

Reutlingen/Kusterdingen, Germany). These are accurate sensors that can be interfaced to
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CPU 28 via an interface commonly used in microprocessors such as the Inter-Inter Circuit
protocol (I2C) or Serial Peripheral Interface Bus (SPI). Nozzle pressure sensor 32 provides a
measurement that is virtually identical to the pressure above the fluid column in pipette 1.
The difference between this pressure and atmospheric pressure is related to the weight of
fluid in pipette 1. Since most fluids used in laboratories are aqueous, the difference in
pressure readings between nozzle pressure sensor 32 and atmospheric pressure sensor 33 is
directly related to the volume of fluid in pipette 1. In an example, a user can aspirate 25ml
into pipette 1 using aspirate control 15. A desired aliquot volume is selected using I/O 31 and
then the user can depress aliquot control 29 for each desired aliquot. If a 1ml aliquot is
selected, the remaining volume in pipette 1 will decrease by 1ml for each aliquot. As pipette
1 empties with each aliquot, the amount of injected air required to accurately deliver 1ml
changes. By employing the difference between nozzle pressure sensor 32 and atmosphere
pressure sensor 33, the CPU 28 can compute the fluid volume remaining in pipette 1, and
instruct aliquot motor 27 to provide the correct amount of air to dispense 1ml accurately. The
amount of air for proper delivery can be determined experimentally and then looked-up in a
table or calculated using methods disclosed in U.S. Patent No. 10,189,018, herein
incorporated by reference in its entirety. Chamber pressure sensor 34 can be employed to
measure the exact amount of air delivered when plunger 7 compresses the air in chamber 21,
and hence the amount of air delivered to pipette 1.

[0033] A serological pipette is often held at a substantial angle relative to vertical in
order to deliver media into a cell culture flask or for other applications. Holding pipette 1 at
an angle relative to vertical changes the pressure measured by nozzle pressure sensor 32 for a
given volume of fluid in the pipette. An orientation sensor 35 such as LIS2DHTR
(STMicroelectronics, Geneva, Switzerland) or equivalent can measure the angle at which

pipette 1 is held. This sensor can inform the CPU 28 of the orientation of pipette 1 via an
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interface such as 12C or SPI as mentioned above, and the CPU can correct for the angle of
pipette. (See FIG. 6). At vertical, nozzle pressure equals the weight of the fluid divided by the
area of the pipette:
Nozzle Pressure = mgh/A

where m = mass of the fluid

g = universal gravitation constant = 9.8m/sec2

h =height of the fluid column

A = cross sectional area of pipette 1
When the pipette is held at an angle from vertical, the force (weight) of liquid in the pipette is
reduced by the cosine of the angle. So the corrected pressure is:

Nozzle Pressure (corrected) = (mgh/A)cos 6

Where 0 is the angle relative to vertical.
[0034] FIG. 5 shows a variation on the embodiment of FIG. 4 by using a different
motor drive for plunger 7. According to an embodiment, motor 36, which can be a small DC
motor, rotates cam 38 via motor shaft 37. The cam and plunger stroke are selected such that a
single rotation of the cam causes a full stroke of plunger 7. Displacing plunger 7 causes an
aliquot to be delivered as described above. According to an embodiment, the stroke length
and diameter of plunger 7 are chosen such that a relatively small volume is displaced, for
example 0.05ml. In order to aliquot 1ml of fluid, cam 38 can, for example, nominally make
20 full rotations. The number of rotations can be changed for the aliquot volume desired.
Additionally, a fractional rotation can be used for further modification of the aliquot
dispensed using any of the methods described above.

[0035] Additional Embodiments. A person skilled in the relevant art will recognize

that the scope of the invention is not limited to pipette controllers, and that the components

and configurations can be used in additional applications without departing from the spirit
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and scope of the invention. According to an embodiment, the components and configurations
can be used in, for example, a bottle top dispenser. In other embodiments, the configurations
and methods can be used in robotic pipetting systems. Previous robotic pipetting systems
were limited by their requirement to change pipette capacity and/or the size of pipette tip to
aspirate and dispense a range of volumes greater than 5:1. However, an embodiment of an
apparatus using the components and methods described herein can attain excellent
repeatability and accuracy in dispensing aliquots without needing to adjust for the size of the
pipette over approximately a 100:1 range of volumes. According to an embodiment, the
components and methods described herein can be used for remote controlled volume
adjustment and aliquotting. A person skilled in the art will further recognize that the
components and configurations disclose herein can be used in other applications that require
quick, accurate, and/or repeat dispensing of fluids.

[0036] While various embodiments of the present invention have been described
above, it should be understood that they have been presented by way of example only, and
not limitation. Thus, the breadth and scope of the present invention should not be limited by
any of the above-described embodiments, but should instead be defined only in accordance

with the following claims and their equivalents.
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WHAT IS CLAIMED:

1. A pipette controller comprising:

a pipette holder adapted to operatively connect a pipette to the pipette controller;

a pump having a vacuum port and a pressure port, the pump pneumatically connected
to the pipette holder;

an aspirate valve that controls airflow between the vacuum port and the pipette
holder;

a dispense valve that controls airflow between the pressure port and the pipette
holder;

a piston chamber;

an aliquot dispense pump including a piston having a shaft that extends into the piston
chamber, the shaft defining a stroke length; and

an aliquot check valve that connects the pipette holder and the aliquot dispense pump;
wherein

the aliquot check valve opens to allow airflow into the pipette holder upon

engagement of the aliquot dispense valve.

2. The pipette controller of claim 1, wherein the stroke length is defined by a movable

threaded stop located on the shaft.

3. The pipette controller of claim 2, further comprising:
a threaded stop control, wherein the threaded stop control is rotatable to move the

threaded stop.

4. The pipette controller of claim 3, further comprising:
an aspirate check valve that connects the piston chamber to an atmosphere; wherein
the aspirate check valve opens to allow airflow from the atmosphere into the piston

chamber.

5. The pipette controller of claim 1, further comprising:

a stepper motor that drives the aliquot dispense pump.

6. The pipette controller of claim 5, further comprising:

14
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an aliquot volume control operable to select an aliquot volume; and
a processor; wherein
the processor controls the stepper motor to deliver a number of steps required for the

selected aliquot volume.

7. The pipette controller of claim 6, wherein:

the processor controls the stepper motor to deliver successive aliquots.

8. The pipette controller of claim 7, wherein:

the successive aliquots are of different aliquot volumes.

9. The pipette controller of claim 6, further comprising at least one of:

a piston chamber pressure sensor that determines air pressure inside the piston
chamber;

an atmospheric pressure sensor that determines atmospheric air pressure; or

a pipette pressure sensor that determines pipette air pressure.

10.  The pipette controller of claim 9, wherein:
the pipette controller corrects the number of steps required for a selected aliquot
volume based on the air pressure of at least one of the piston chamber pressure sensor, the

atmospheric pressure sensor, or the pipette pressure sensor.

11.  The pipette controller of claim 10, wherein:

the number of steps is determined by a value in a lookup table.

12.  The pipette controller of claim 10, wherein:

the number of steps is calculated by formula.

13.  The pipette controller of claim 6, further comprising:

an orientation sensor that measures an angle of the pipette connected to the pipette
holder relative to vertical;

wherein the pipette controller corrects the number of steps required for a selected

aliquot volume based on the angle of the pipette.
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14.  The pipette controller of claim 1, wherein:

the pipette controller is a handheld device.

15. A method for delivering fluid from a pipette using a pipette controller comprising:

selecting an aliquot volume to be dispensed;

determining an amount of air to insert into the pipette to dispense a volume of fluid
equal to the selected aliquot volume;

determining a number of steps delivered by a stepper motor to drive a piston in a
piston chamber to deliver the amount of air into the pipette; and

opening an aliquot valve to allow airflow from the piston chamber into the pipette, the

airflow dispensing the fluid from the pipette.

16. The method of claim 15, further comprising:
correcting the number of steps delivered by the stepper motor based on at least one of

piston chamber air pressure, atmospheric air pressure, or pipette air pressure.

17. The method of claim 15, further comprising:
determining an angle of the pipette relative to vertical using an orientation sensor; and
correcting the amount of airflow from the piston chamber to the pipette to dispense

the volume of fluid equal to the aliquot volume based on the angle of the pipette.
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