wo 20137167209 A1 |} J1 ¥ 00O 0000 0 0 A

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/167209 A1l

14 November 2013 (14.11.2013) WIPO I PCT
(51) International Patent Classification: ANTH, Norbert [DE/DE]; Oeleweg 8, 79279 Virstetten
GOIF 11/02 (2006.01) (DE). SPINKE, Jiirgen [DE/DE]; Magnolienstrasse 29,
. e . ) 64653 Lorsch (DE). BRUCKNER, Thorsten [DE/DE];
(21) International Application Number: PCT/EP2012/072733 Huberweg 40a, 69198 Schriesheim (DE). KLEIN, Timo
[DE/DE]; Wiesenstrasse 7, 67482 Altdorf (DE).
) It g Dt o012 (15112012 (7 Agent: RICHARDT PATENTANWALTE GBR; Wil
ovember (5.11. ) helmstralie 7, 65185 Wiesbaden (DE).

(25) Filing Language: English (81) Designated States (uniess otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,
L. AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(30) Priority Data: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(71) Applicant (for DE only): ROCHE DIAGNOSTICS HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
GMBH [DE/DE]; Sandhofer StraBe 116, 68305 Man- KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
nheim (DE). ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
(71) Applicant (for all designated States except DE, US): F. RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
HOFFMANN-LA ROCHE AG [CH/CH]; Grenzacher- T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,

stralie 124, CH-4070 Basel (CH). ZM, ZW.
(72) Inventors; and . (84) Designated States (unless otherwise indicated, for every
(71) Applicants (for US only): BOHM, Christoph [DE/DE]; kind of regional protection available). ARIPO (BW, GH,

Kiesstrasse 29, 68519 Viernheim (DE). KUPSER, Peter
[DE/DE]; Spelzenstrasse 13, 68167 Mannheim (DE). OR-

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

[Continued on next page]

(54) Title: CARTRIDGE FOR DISPENSING A FLUID

11181124 —pE[T 1120 1134
1140\ g : ] ﬂj
o~ P = | —
14— g Ly 7
16— ) S 5 ) ]
M7 114 1126 1108 1114 1130 1132
1120

1128

(57) Abstract: A cartridge (100, 414, 502, 502, 502", 1100,
1300, 1350, 1902, 1902") for dispensing fluid (214, 610,
1302, 1302', 1516). The cartridge comprises a valve (110,
1100), wherein the valve comprises a pumping chamber (118,
1118) for pumping the fluid. The valve is operable for posi-
tioning a pumping chamber conduit (120, 1120). The pump-
ing chamber conduit is connected with the pumping chamber.
The cartridge further comprises a plunger (1108) operable for
changing the volume of the pumping chamber. The cartridge
further comprises a reservoir conduit (124, 1214) for connect-
ing the reservoir with the valve. The valve is operable for po -
sitioning the pumping chamber conduit to connect with the
reservoir conduit. The cartridge further comprises an outlet
conduit (128, 1128) for dispensing the fluid. The rotary valve
is further operable for rotating the pumping chamber conduit
to connect with the outlet conduit.



WO 2013/167209 A1 |IIWAT 00N AV AT R AR

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, Published:
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

—  with international search report (Art. 21(3))



WO 2013/167209 PCT/EP2012/072733

Field of the invention
The invention relates to cartridges for dispensing a fluid. The invention further re-

lates to an automatic analyzer for dispensing the fluid using the cartridge.

Background and related art
[n medical laboratories, in vitro diagnostics are commonly performed on biological

samples such as blood, urine, blood plasma and saliva. Such tests may be per-
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formed manually using pipettes or maybe performed using an automatic analyzer.
Automatic analyzers may automatically add reagents to the biological sample and
may measure one or more parameters of the biologicai sample during analysis. Au-
tomatic analyzers are known in'the prior art. For example, European patent EP 1
959 257 A2 discloses an automatic analyzer including a reagent cassette holding

mechanism for holding a plurality of reagent cassettes.

United States patent US 7,955,302 B2 discloses a dosing device for an infusion sys-
tem comprising a dosing unit having a variable volume and at least one opening in

fluid connection with the variable volume.

Summary
The invention provides for a cartridge for dispensing fluid and an automatic analyzer

in the independent claims. Embodiments are described in the dependent claims.

The present invention provides for a cartridge for dispensing a fluid. In some em-
bodiments The cartridge comprises a rotary valve which may be moved in a circular
fashion to position a pumping chamber conduit coming from a pumping chamber.
Rotation of the rotary valve enables the pumping chamber conduit to be connected
to one of a variety of other conduits. The pumping chamber is formed by a cavity
within the rotary valve and by a plunger which is operable for changing the volume
of the pumping chamber. In some other embodiments a linear valve is used for posi-

tioning the pumping chamber conduit.

The cartridge comprises a reservoir for storing the fluid and an outlet conduit for
dispensing a fluid. A reservoir conduit connects the reservoir with the valve. In some
embodiments, the outlet conduct conduit connects an outlet nozzle to the valve. As
the valve is moved in different positions the pumping chamber conduit can be posi-
tioned at either the reservoir conduit or the outlet conduit. In some embodiments the
valve and the plunger may be able to be operated or actuated independently of
each other. Embodiments of this cartridge may have the advantage that they can be
operated such that the cartridge does not lose any fluid or that the fluid loss due to

priming can be reduced.

RECTIFIED SHEET (RULE 91) ISA/EP
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A controller as used herein encompasses a device, machine, or apparatus for con-
trolling the operation and/or function of one or more other devices. Exampies of a
controller may include, but are not limited to: a computer, a processor, an imbedded
system or controller, a programmable logic controller, and a microcontroller. A
‘computing device’ or ‘computer’ as used herein encompasses to any device com-
prising a processor. A ‘processor’ as used herein encompasses an electronic com-

ponent which is able to execute a program or machine executable instruction.

A ‘computer-readable storage medium’ as used herein encompasses any tangible
storage medium which may store instructions which are executable by a processor
of a computing device. The computer-readable storage medium may be referred to

as a computer-readable non-transitory storage medium.

‘Computer memory’ or ‘memory’ is an example of a computer-readable storage me-
dium. Computer memory is any memory which is directly accessible to a processor
or other controller. ‘Computer storage’ or ‘storage’ is an example of a computer-

readable storage medium. Computer storage is any non-volatile computer-readable

storage medium.

A ‘user interface’ as used herein is an interface which allows a user or operator to

interact with a computer or computer system.

A ‘hardware interface’ as used herein encompasses a interface which enables a
processor or other controller to interact with and/or control an external computing
device and/or apparatus. A hardware interface may allow a processor to send con-
trol signals or instructions to an external computing device and/or apparatus. The
hardware interface may enable the processor or other controller to receive sensor
data and control the dispensing of the fluid. The hardware interface may be used to

form a closed control loop in some embodiments.

In one aspect the invention provides for a cartridge for dispensing fluid. The car-
tridge comprises a valve. The valve comprises a pumping chamber for pumping the
fluid. The valve is operable for positioning a pumping chamber conduit. The pump-

ing chamber conduit is connected with the pumping chamber. The valve further
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comprises a plunger operable for changing the volume of the pumping chamber.
The valve further comprises an reservoir conduit {124, 1214) for connecting the res-
ervoir with the valve, wherein the valve is operable for positioning the pumping
chamber conduit to connect with the reservoir conduit. The valve further comprises
an outlet conduit for dispensing the fluid. The rotary valve is further operable for ro-

tating the pumping chamber conduit to connect with the outlet conduit.

In another aspect the invention provides for a cartridge for dispensing fluid. The car-
tridge comprises a rotary valve. The rotary valve comprises a pumping chamber for
pumping the fluid. The rotary valve is operable for rotating a pumping chamber con-
duit. The pumping chamber conduit is connected with the pumping chamber. In oth-
er words there is a rotary valve which has a pumping chamber conduit connected to
a pumping chamber within it. By rotating the rotary valve the pumping chamber con-
duit can be rotated into different positions thereby allowing the pumping chamber to
be connected to other conduits.

The cartridge further comprises a plunger operable for changing the volume of the
pumping chamber. The rotary valve and the plunger are operable for being actuated
independently. In other words the plunger and the rotary valve are able to be oper-
ated such that the plunger can be used to change the volume of the pumping cham-
ber without affecting the position of the rotary valve and vice versa. This may enable

a larger set of pumping actions by the pumping chamber.

The cartridge further comprises a reservoir for storing the fluid. The reservoir can be
constructed in a variety of ways. In some embodiments the reservoir may be a hard
walled chamber, preferably made of plastics using injection moulding or ther-
moforming processes. In some embodiments the reservoir may be a chamber with a
flexible wall. In some embodiments the reservoir could be a pouch or bladder. In
other embodiments the reservoir could be a pouch or bladder supported by an outer

container. In other embodiments the reservoir could be a tube.

The cartridge further comprises a reservoir conduit for connecting the reservoir with
the rotary valve. The rotary valve is operable for rotating the pumping chamber con-

duit to connect with the reservoir conduit. When the pumping chamber conduit is
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rotated into the correct position then there is communication between the pumping
chamber and the reservoir.

The cartridge further comprises an outlet conduit for dispensing the fluid and for
connecting to the rotary valve. The rotary valve is further operable for rotating the
pumping chamber conduit to connect to the outlet conduit. This embodiment may
have the advantage that a large variety of pumping actions can be performed with
the pumping chamber by controliing the rotaticnal position of the rotary valve and
properly operating the plunger. For instance the rotary valve may be positioned such
that the pumping chamber conduit is connected to the reservoir conduit. In this case
the plunger may be used to either withdraw fluid from the reservoir into the pumping
chamber or may be used to pump the fluid from the pumping chamber back into the

reservoir.

The present embodiment may enable other types of actions using the pumping
chamber. For instance when the pumping chamber conduit is aligned or connected
with the reservoir conduit the piunger may be repeatediy used to increase and de-
crease the volume of the pumping chamber. This may enable the fluid within the
reservoir to be mixed. Also the ability to put the fluid back into the reservoir may re-

duce the amount of fluid that is wasted.

This embodiment may also enable a so called reduced waste priming or non-waste
priming function of the pumping chamber whereby none or possibly only a very
small amount of the fluid is wasted or discarded when fluid is pumped out through
the outlet conduit. For instance when the pumping chamber conduit is connected
with the outlet conduit the plunger may be used to decrease the volume of the
pumping chamber and thereby force or dispense fluid out through the outlet conduit.
During the process of doing this there may be fluid within the outlet conduit which
does not exit the outlet conduit. After the correct amount of fluid has been dispensed
the plunger may then be used to increase the volume of the pumping chamber
thereby withdrawing fluid that may remain within the outlet conduit back into the
pumping chamber. Fluid could then be held within the pumping chamber or if the
rotary valve is rotated into alignment with the reservoir conduit the fluid which was

previously within the outlet conduit may be pumped back into the reservoir.
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The rotary valve may also provide a means of preventing fluid from accidentally
leaking from the reservoir. For instance the rotary valve may be able to be rotated in
some embodiments to a position where it is neither aligned with the outlet conduit
nor with the reservoir conduit. This may prevent fluid and/or gas from exiting from
the outlet conduit and/or from fluid and/or gas in a reservoir leaking or draining into

the pumping chamber.

In another embodiment the cartridge further comprises an outlet nozzle connected
to the outlet conduit. An outlet nozzle as used herein encompasses a nozzle design
to minimize the waste of fluid and may enables drops to cleanly drip during the dos-
ing process. For instance in a simple tube a drop of the fluid may hang outside the
nozzle after the plunger is used to decrease the volume of the pumping chamber.
The shape or function of the outlet nozzle can be designed to reduce the chances of
a drop of the fluid hanging on it. For instance the outlet nozzle may have a so called

duckbill shape and be a duckbiil nozzle.

In other embodiments the cartridge may have additional reservoirs and additional
reservoir conduits which enable the pumping chamber to be connected to these ad-
ditional reservoirs. Typically a cartridge may contain only a single fluid or reagent. in
some embodiments this may be a diluent that is used or required for various tests.
There may also be multiple reservoirs which may be each connected to a conduit
accessible to the pumping chamber conduit at a particular rotational position of the

rotary valve.

For example for many clinical tests there may be two reservoirs and for immunoas-
says there may be two or three different fluids within different reservoirs. In some
variations of this embodiments the cartridge may have multiple pumping units, with
each of the pumping units being connected to one or more reservoirs via its rotary
valve. In this way the immunoassays are dispensed using separate pumping units

and they are not mixed by the pumping process.

In another embodiment the cartridge further contains a return conduit connected to

the reservoir. The pumping chamber conduit is operable for receiving fluid from a
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first portion of the reservoir. The return conduit is operable for returning fluid to a
second portion of the reservoir. The rotary valve is further operable for rotating the
pumping chamber conduit to connect to the return conduit. This embodiment may
be beneficial because it may for instance reduce the effect of potentially occurring
gas bubbles when fluid is returned to the reservoir. This embodiment may further
have the benefit of reducing the number of bubbles within the first portion of the res-

ervoir by transmitting the bubbles to the second portion of the reservoir.

For instance fluid could be drawn from the reservoir when the rotary valve is rotated
such that the pumping chamber conduit is in alignment with the reservoir conduit.
After a certain amount of the fluid has been dispensed through the outlet conduit the
rotary valve might be rotated into such a position such that the pumping chamber
conduit is in alignment with the return conduit. The reservoir conduit may draw fluid
from one portion of the reservoir and the return conduit is used to return the fluid to
a different portion of the reservoir. For instance the two locations of the reservoir
conduit and the return conduit could be far enough away that it is unlikely that bub-
bles which enter the reservoir through the return conduit are drawn into the reservoir

conduit when fluid is drawn from the reservoir into the pumping chamber.

In another embodiment the cartridge further comprises a secondary reservoir. The
cartridge further comprises a secondary reservoir conduit. The rotary valve is further
operable for rotating the pumping chamber conduit to connect to the secondary res-
ervoir conduit. This embodiment may be beneficial because it may enable a second
or distinct fluid to be stored and dispensed using the cartridge, it may also enable

waste fluid to be disposed of in the secondary reservoir.

It should be noted that additional reservoirs may be added to the cartridge by adding
a third reservoir and a third reservoir conduit, a fourth reservoir and a fourth reser-
voir conduit, and so on so that any number of reservoirs and reservoir conduits may
be added to the cartridge.

In another embodiment the cartridge further comprises a connecting conduit. The
connecting conduit is operable for transporting fluid between the secondary reser-

voir and the reservoir. This embodiment may be beneficial because the connecting
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conduit may enable the secondary reservoir to be used as a place to deposit fluid in

order to return it to the reservoir.

In ancther embodiment the cartridge comprises a membrane blocking the connect-
ing conduit. The membrane is permeable to the fluid. This embodiment may be
beneficial because it may provide a means of filtering fluid or blocking of gas bub-

bles when fluid is returning from the secondary reservoir into the reservoir.

In another embodiment the secondary reservoir comprises a bubble guiding struc-
ture. A bubble guiding structure as used herein encompasses a structure which is
used {o guide a gas bubble to a predetermined location in a reservoir or towards a
vent. In some implementations the bubble guiding structure may allow fluid to pass
around the bubble as it is moving through the reservoir. For instance a bubble struc-
ture may be a set of ridges which are used to position and guide a bubble. The
structures and ridges may be spaced close enough together such that the surface
tension of the fluid prevents the bubble from going into regions which allow the fluid
to go around the bubble. This may be beneficial because if the bubble is not proper-
ly confined the bubbie may get stuck at a particular position in the secondary reser-
voir and not allowed to go to the top of the secondary reservoir or in the case where

there is a connecting conduit to allow the fluid to return to the reservoir.

In another embodiment the reservoir and/or the secondary reservoir comprises a
vent. A vent as used herein is a structure which enables air bubbles or other gas
volumes to enter or leave the cartridge. Alternatively, the reservoir comprises such a

vent or both the reservoir and the second reservoir comprise such vents

In another embodiment the vent is covered or sealed with a filter. The filter is opera-
ble for sealing the fluid in the cartridge. The filter may be hydrophobic in some em-
bodiments. in some embodiments the gas filter may have micropores to only let gas
through, but no liquids. In some embodiments the filter may be, but is not limited to:
a porous form of polytetraflucroethylene, carbon fibers, carbon fibers coated with

PTFE, carbon nanotubes, polymer fibers, or fluoropolymer fibers

In another embodiment the fluid comprises magnetic beads.
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In another embodiment the fluid comprises latex beads.

In another embodiment the fluid comprises a blood grouping reagent.

In another embodiment the fluid comprises an immune reagent.

In another embodiment the fluid comprises an antibody.

In another embodiment the fluid comprises an enzyme.

In another embodiment the fluid comprises a recombinant protein.

In another embodiment the fluid comprises a virus isolate.

In another embodiment the fluid comprises a virus.

In another embodiment the fluid comprises a biological reagent.

In another embodiment the fluid comprises a solvent.

In another embodiment the fluid comprises a diluent.

In another embodiment the fluid comprises a dispersion.

In another embodiment the fluid comprises nanoparticles.

In another embodiment the fluid comprises a protein.

In another embodiment the fluid comprises a salt.

fn another embodiment the fluid comprises a detergent.

In another embodiment the fluid comprises a nucleic acid.
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In another embodiment the fluid comprises an acid.
In another embodiment the fluid comprises a base.

In another embodiment the fluid may comprise a particles suspension, a liquid rea-
gent, a fiquid adhesive, a liquid food product, a liquid metal (e.g., a solder), and/or

any other liquid

In another embodiment the cartridge further comprises a sensor operable for meter-
ing fluid dispensed by the outlet conduit. For instance this sensor may be a capaci-
tive or optical sensor.

In another embodiment the cartridge further comprises a coupling assembly for at-
taching the rotary valve and the plunger to an actuator assembly. This embodiment
may be beneficial because it may enable the rotary valve and the plunger to be con-
veniently connected to an actuator. The coupling assembly in some embodiments
may enable the rotary valve and the plunger to be actuated independently by the

actuator assembly.

In some embodiments it may be possiblé to have a cartridge with its own actuator.
In this case the cartridge further comprises an actuator. In some cases the actuator
may be connected to the coupling assembly or the actuator may be designed or op-

erable for directly actuating the rotary valve and the plunger independently.

A pumping unit as used here encompasses the rotary valve and plunger for pump-
ing the fluid. When installed into an automatic analyzer there may be one actuator
per pumping unit or there may be one actuator which is moved and used fo actuate
all of the cartridges within the automatic analyzer. In this case there may be a
mechanism for moving the relative positions between the cartridge and the single

actuator. There may also be an actuator for a group of cartridges.

For example there may be different configurations for the cartridge. In some embod-

iments the cartridge may have a single pumping unit. This single pumping unit may
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have conduits connected to different reservoirs. This may enable the cartridge to
pump different types of fluids from the same cartridge. In another example the car-
tridge may have multiple pumping units, with each of the pumping units being con-

nected to one or more reservoirs via its rotary valve.

In some embodiments, the cartridge comprises a pumping unit and an attachable
reservoir. This embodiment may be beneficial, because a universal pumping unit
can be created and reservoirs attached to it when needed. This may facilitate having
a larger variety of fluids available. Reservoirs of different volumes may also be se-
lected. Different pumping units may also be selected. Such different pumping units
may for instance have plungers with a different stroke and/or diameter. This may
affect the volume of the pumping unit. In some applications it may be desirable to
pump a larger volume more accurately and in other applications a smaller but more
accurate pumping velume may be desired. So, the use of a pumping unit and an
attachable reservoir allows to realize a modular concept which allows to combine
reservoirs comprising different types and/or volumes of fluids with an pumping unit
which is optimized to dispense a defined volume of this fluid. This modular concept
allows to provide a large set of optimized cartridges based on a small set of pump-
ing units and/or reservoirs which can be combined in different ways. The assembly
of the pumping unit and the attachable reservoir can be performed on the factory
site as a manufacturing step during the cardridge production or on the user site, e.g.
by assembing the pumping unit with the attachable reservoir before inserting the

cartridge into an automatic analyzer.

In another embodiment the rotary valve comprises a cylindrical portion. The pump-
ing chamber is a cavity within the rotary valve. The pumping chamber is formed by
the cavity and the plunger. The cartridge comprises a cartridge body with a cylindri-
cal space for receiving the cylindrical portion. The rotary valve is operable for rotat-

ing within the cylindrical space.

In another embodiment the reservoir conduit and the outlet conduit are located on
the cylindrical space. The pumping chamber conduit is focated on the cylindrical

portion.
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In another embodiment the cartridge comprises multiple pumping units.
in another embodiment the cartridge comprises multiple reservoirs.
In another embodiment the multiple reservoirs are filled with different fluids.

In another aspect the invention provides for an automatic analyzer for for analyzing
a biological sample. The automatic system is operable for holding a cartridge ac-
cording to an embodiment of the invention. The automatic analyzer comprises an
actuator assembly operable for actuation of the plunger and of the valve. The auto-
matic analyzer further comprises a controller (520, 1920) for controlling the dpera—

tion of the actuator assembly.

In another aspect the invention provides for an automatic analyzer for holding a car-
tridge according to an embodiment of the invention. An automatic analyzer as used
herein encompasses a system for automatically analyzing a biological sample. The
automatic analyzer comprises an actuator assembly operable for linear actuation of
the plunger and for rotational actuation of the rotary valve. The actuator assembly is
further operable for actuating the plunger and the rotary vaive independently. The
automatic analyzer further comprises a controller for controlling the operation of the

actuator assembly.

In some embodiments the automatic analyzer may be adapted for holding multiple
cartridges according to an embodiment of the invention. In this case there may be a
mechanism for providing relative movement between the cartridges and a reaction
tube / cuvette. There may be one actuator per pumping unit or there may be one
actuator used for multiple cartridges. In this case there may be a mechanism or a
robotic system for providing relative movement between the cartridge and the actua-
tor. There may also be embodiments where there are multiple actuators each used
for a group of cartridges. The group of cartridges could be predetermined or the
group of cartridges may be determined on the fly. Alternatively, multiple actuators
may be used for a cartridge or a group of cartridges, e.g. for different purposes like

pre-dispensing or post-dispensing actions.
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tn another embodiment the automatic analyzer comprises the cartridge.

in another embodiment the controller is operable for controlling the actuator assem-
bly to rotate the pumping chamber conduit to connect with the reservoir conduit by
rotating the rotary valve. The controller is further operable for controlling the actuator
assembly to fill the pumping chamber by increasing the volume of the pumping
chamber with the plunger. The controlier is further operable for controlling the actua-
tor assembly to rotate the pumping chamber conduit to connect with the outlet con-
duit by rotating the rotary valve. The controller is further operable for controlling the
actuator assembly to pump the fluid through the outlet conduit by decreasing the
volume of the pumping chamber with the plunger. This embodiment may be benefi-

cial because it provides a method of pumping fluid through the outlet conduit.

In another embodiment the controller is operable for controlling the actuator assem-
bly to receive the fluid from the outlet conduit by increasing the volume of the pump-

ing chamber with the plunger.

In another embodiment the controller is operable for controlling the actuator assem-
bly to rotate the pumping chamber conduit to connect with the reservoir conduit by
rotating the rotary valve. The controller is further operable for controlling the actuator
assembly to return the fluid to the reservoir by decreasing the volume of the pump-
ing chamber with the plunger. This embodiment may be advantageous because it
provides operation of the pump without priming. 100% or nearly 100% of the fluid

may be used.

fn another embodiment the controller is operable for controlling the actuator assem-
bly to rotate the pumping chamber conduit to connect with the reservoir conduit by
rotating the rotary valve. The controller is further operable for controlling the actuator
assembly to mix the fluid in the reservoir by repeatedly increasing and decreasing
the volume of the pumping chamber with the plunger. In the case where the fluid
contains beads or particles such as magnetic or latex beads this embodiment may

be used to mix the fluid and its compounds.
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In another embodiment the the cartridge comprises an cutlet nozzle. The automatic
analyzer further comprises a meniscus detector for detecting a meniscus of the fluid.
The controller is operable for controlling the actuator to force fluid through the outlet
nozzle. The controller is further operable for detecting the meniscus using the me-
niscus detector. The controller is further operable for controlliing the actuator to halt
the forcing of fluid through the outlet when the meniscus is in a predetermined loca-
tion. This embodiment may be beneficial because it may enable more accurate and
more precise dispensing of the fluid. This embodiment may be beneficial because if
the meniscus is in the same place when the fluid dispensing starts then the dispens-
ing of the fluid may be molre accurate, more precise and/or more reproducible. The
meniscus may be inside or outside the outlet nozzle. For instance the outlet nozzle
may be a long tube-like structure and the meniscus may have a particular position
within the tube. In other embodiments the meniscus may be formed by a drop of the
fluid hanging from the outlet nozzle. in many applications, the meniscus is prefera-

bly positioned right at the crifice of the outlet nozzle.

in another embodiment the controlier is further operable for controlling the actuator
to force a predetermined volume of fluid through the outlet. In some embodiments
the actuator may be controlled to force the predetermined volume of fluid through

the outlet nozzle after the meniscus is in the predetermined location.

In another embodiment the meniscus detector is any one of the following: a capaci-
tive sensor, an optical sensor and a camera. When the meniscus is inside of the
nozzle a capacitive sensor may be used to detect the location of the meniscus. In
case the nozzle is optically transparent an optical sensor may also be used to de-
termine the location of the meniscus within the nozzle. If the meniscus extends be-
yond the nozzle then a capacitive sensor, an optical sensor or a camera may each

be used to determine the location of the meniscus.

In another embodiment the automatic analyzer is operable to hold multiple cartridg-

es. Each of the multiple cartridges is according to an embodiment of the invention.

In another embodiment the automatic analyzer further comprises the multiple car-

tridges.
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The embodiment with the multiple cartridges may be implemented in a variety of
ways. For example each pumping unit may have its own actuator assembly. This
may be a parallel operation. [n another example cartridges may be moved and put
onto the same actuator assembly or an actuator assembly may be moved between
different cartridges or even between different pumping units that are part of the
same cartridge. In yet other embodiments there may be multiple actuators and car-
tridges are moved via a mechanical robotic system between these multiple actua-

tors.

in another embodiment the automatic analyzer comprises a sensor or metering sys-
tem operable for measuring or metering the dispensing of the fluid. The controller is

operable for controlling the dispensing of the fluid in accordance with measurements
or data received from the sensor or metering system. In other words the controller is
operable for forming a closed loop control system with the sensor or metering sytem

for controlling the dispensing of the fluid.

In another aspect the invention provides for a method of operating a cartridge ac-
cording to an embodiment of the invention. The method comprises the steps of:
rotating the rotary valve to rotate the pumping chamber conduit to connect with the
reservoir conduit; increasing the volume of the pumping chamber with the plunger
to fill the pumping chamber; rotating the rotary valve to rotate the pumping chamber
conduit to connect with the outlet conduit; decreasing the volume of the pumping

chamber with the plunger to pump the fluid through the outlet conduit.

In ancther embodiment the method further comprises the step of increasing the

volume of the pumping chamber with the plunger to retrieve the fluid from the outlet
conduit.

[n another embodiment the method further comprises the steps of; rotating the rota-
ry valve to rotate the pumping chamber conduit to connect with the reservoir con-
duit; and decreasing the volume of the pumping chamber with the plunger to return

the fluid to the reservoir.
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In ancther embodiment the method further comprises the steps of. rotating the rota-
ry valve to rotate the pumping chamber conduit to connect with the reservoir con-
duit; and repeatedly increasing and decreasing the volume of the pumping chamber

with the plunger to mix the fluid in the reservoir.

In one aspect the invention provides for a cartridge for dispensing fluid. The car-
tridge comprises a slide valve. The slide valve has rectilinear motion. The slide
valve may also be referred to as a rectilinear valve. The slide valve comprises a
pumping chamber for pumping the fluid. The slide valve is operable for translating a
pumping chamber conduit. The pumping chamber conduit is connected with the
pumping chamber. The cartridge further comprises a plunger operable for changing
the volume of the pumping chamber. The cartridge further comprises a reservoir for
storing the fluid. The cartridge further comprises a reservoir conduit for connecting
the reservoir with the slide valve. The slide valve is operable for translating the
pumping chamber conduit to connect with the reservoir conduit. The cartridge fur-
ther comprises an outfet conduit for dispensing the fluid. The slide valve is further
operable for translating the pumping chamber conduit to connect with the outlet
conduit. This embodiment may be beneficial because the combination of the slide
valve and the plunger allow accurate dispensing of the fluid. Further the embodi-
ment may also enable a reduced amount of waste fluid produced when dispensing
fluid by the cartridge.

Embodiments may also have the advantage that a large set of pumping actions by
the pumping chamber are possible. This embodiment may have the advantage that
a large variety of pumping actions can be performed with the pumping chamber by
controlling the translation position of the slide valve and properly operating the
plunger. For instance the slide valve may be positioned such that the pumping
chamber conduit is connected to the reservoir conduit. In this case the plunger may
be used to either withdraw fluid from the reservoir into the pumping chamber or may

be used to pump the fluid from the pumping chamber back into the reservoir.

The present embodiment may enable other types of actions using the pumping
chamber. For instance when the pumping chamber conduit is aligned or connected

with the reservoir conduit the plunger may be repeatedly used to increase and de-
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crease the volume of the pumping chamber. This may enable the fluid within the
reservoir to be mixed. Also the ability to put the fluid back into the reservoir may re-

duce the amount of fluid that is wasted.

This embodiment may also enable a so called reduced waste priming or non-waste
priming function of the pumping chamber whereby none or possibly only a very
small amount of the fluid is wasted or discarded when fluid is pumped out through
the outlet conduit. For instance when the pumping chamber conduit is connected
with the outlet conduit the plunger may be used to decrease the volume of the
pumping chamber and thereby force or dispense fluid out through the outlet conduit.
During the process of doing this there may be fluid within the outlet conduit which
does not exit the outlet conduit. After the correct amount of fluid has been dispensed
the plunger may then be used to increase the volume of the pumping chamber
thereby withdrawing fluid that may remain within the outlet conduit back into the
pumping chamber. Fluid could then be held within the pumping chamber or if the
slide valve is translated into alignment with the reservoir conduit the fluid which was

previously within the outlet conduit may be pumped back into the reservoir.

The slide valve may also provide a means of preventing fluid from accidentally leak-
ing from the reservoir. For instance the slide valve may be able to be translated in
some embodiments to a position where it is neither aligned with the outlet conduit
nor with the reservoir conduit. This may prevent fiuid and/or gas from exiting from
the outlet conduit and/or from fluid and/or gas in a reservoir leaking or draining into

the pumping chamber.

In some embodiments, the cartridge comprises a pumping unit and an attachable
reservoir, This embodiment may be beneficial, because a universa! pumping unit
can be created and reservoirs attached to it when needed. This may facilitate having
a larger variety of fluids available. Reservoirs of different volumes may also be se-
lected. Different pumping units may also be selected. Such different pumping units
may for instance have plungers with a different stroke and/or diameter. This may
affect the volume of the pumping unit. [n some applications it may be desirable to
pump a larger volume more accurately and in other applications a smaller but more

accurate pumping volume may be desired.
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The use of a pumping unit and an attachable reservoir may allows to realization a
modular system which allows to the combination of reservoirs comprising different
types and/or volumes of fluids with an pumping unit which is optimized to dispense a
defined volume of this fluid. This modular system may provide a large set of opti-
mized cartridges based on a small set of pumping units and/or reservoirs which can
be combined in different ways. The assembly of the pumping unit and the attachable
reservoir can be performed on the factory site as a manufacturing step during the
cardridge production or on the user site, e.g. by assembling the pumping unit with

the attachable reservoir before inserting the cartridge into an automatic analyzer.

The reservoir can be constructed in a variety of ways. In some embodiments the
reservoir may be a hard walled chamber, preferably made of piastics using injection
moulding or thermoforming processes. In some embodiments the reservoir may be
a chamber with a flexible wall. In some embodiments the reservoir couid be a pouch
or bladder. In other embodiments the reservoir could be a pouch or bladder sup-

ported by an outer container. In other embodiments the reservoir could be a tube.

In some embodiments the pumping chamber conduit is aligned with the reservoir
conduit and/or outlet conduit using mechanical stops. As an alternative to using me-
chanical stops, the alignment can also be achieved by other means. For example by
spatially defined changes of physical or geometrical properties, e.g. by changes in
friction coefficients or diameter. In other embodiments mechanical stops are not
used and the alignment is performed by an actuator system which is attached to the

cartridge during use.

In another embodiment the cartridge further comprises an outlet nozzle connected
to the outlet conduit. An outlet nozzle as used herein encompasses a nozzle design
to minimize the waste of fluid and may enables drops to cleanly drip during the dos-
ing process. For instance in a simple tube a drop of the fluid may hang outside the
nozzle after the plunger is used to decrease the volume of the pumping chamber.
The shape or function of the outlet nozzle can be designed to reduce the chances of
a drop of the fluid hanging on it. For instance the outlet nozzle may have a so called

duckbill shape and be a duckbill nozzle.
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In other embodiments the cartridge may have additional reservoirs and additional
reservoir conduits which enable the pumping chamber to be connected to these ad-
ditional reservoirs. Typically a cartridge may contain only a single fluid or reagent. In
some embodiments this may be a diluent that is used or required for various tests.
There may also be multiple reservoirs which may be each connected to a conduit
accessible to the pumping chamber conduit at a particular rectilinear position of the

slide valve.

For example for many clinical tests there may be two reservoirs and for immunoas-
says there may be two or three different fluids within different reservoirs. In some
variations of this embodiments the cartridge may have multiple pumping units, with
each of the pumping units being connected to one or more reservoirs via its slide
valve. In this way the immunoassays are dispensed using separate pumping units

and they are not mixed by the pumping process.

n some embodiments the slide valve and the plunger are operable for being actuat-
ed independently. In other embodiments the plunger or the actuation of the plunger

is used to also actuate the slide valve.

In another embodiment the cartridge further comprises a return conduit connected
to the reservoir. The pumping chamber conduit is operable for receiving fluid from a
first portion of the reservoir. The return conduit is operable for returning fluid to a
second portion of the reservoir. The slide valve is further operable for transiating the
pumping chamber conduit to connect to the return conduit. This embodiment may
have the benefit of reducing the number of bubbles within the first portion of the res-

ervoir by transmitting the bubbles to the second portion of the reservoir.

For instance fluid could be drawn from the reservoir when the slide valve is transiat-
ed such that the pumping chamber conduit is in alignment with the reservoir conduit.
After a certain amount of the fluid has been dispensed through the outlet conduit the
slide valve might be transiated into such a position such that the pumping chamber
conduit is in alignment with the return conduit. The reservoir conduit may draw fluid

from one portion of the reservoir and the return conduit is used to return the fluid to
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a different portion of the reservoir. For instance the two locations of the reservoir
conduit and the return conduit could be far enough away that it is unlikely that bub-
bles which enter the reservoir through the return conduit are drawn into the reservoir

conduit when fluid is drawn from the reservoir into the pumping chamber.

n another embodiment the cartridge further comprises a secondary reservoir. The
cartridge further comprises a secondary reservoir conduit. The slide valve is further
operable for translating the pumping chamber conduit to connect to the secondary
reservoir conduit. This embodiment may be beneficial because it may enable a se-
cond or distinct fluid to be stored and dispensed using the cartridge, it may also en-

able waste fluid to be disposed of in the secondary reservoir.

In ancther embodiment the secondary reservoir comprises a vent. A vent as used
herein is a structure which enables air bubbles or other gas volumes to enter or
leave the cartridge. Alternatively, the reservoir comprises such a vent or both the

reservoir and the secondary reservoir comprise such vents.

It should be noted that additional reservoirs may be added to the cartridge by adding
a third reservoir and a third reservoir conduit, a fourth reservoir and a fourth reser-
voir conduit, and so on so that any number of reservoirs and reservoir conduits may

be added to the cartridge. The additional reservoirs may also comprise venis.

In another embodiment the cartridge further comprises a connecting conduit. The
connecting conduit is operable for transporting fluid between the secondary reser-
voir and the reservoir. This embodiment may be beneficial because the connecting
conduit may enable the secondary reservoir to be used as a place to deposit fluid in

order to return it to the reservoir.

In another embodiment the cartridge comprises a membrane or grid or filter located
within the connecting conduit. If a membrane is used, the membrane is permeable
to the fluid. Such membranes are described, e.g. in “Unimpeded Permeation of Wa-
ter Through Helium-Leak-Tight Graphene-Based Membranes” (R. R. Nairet al;
Science 335, 442 (2012). If a grid or mechanical filter is used, the mesh or hole size

has to be smaller than the gas bubble size to prevent the gas bubbles from transi-



WO 2013/167209 PCT/EP2012/072733
21

tion through the grid or filter. This embodiment may be beneficial because it may
provide a means of filtering fluid or blocking of gas bubbles when fluid is returning

from the secondary reservoir into the reservoir.

In another embodiment the secondary reservoir comprises a bubble guiding struc-
ture. A bubble guiding structure as used herein encompasses a structure which is
used to guide a gas bubble toc a predetermined location in a reservoir or towards a
vent. In some implementations the bubble guiding structure may allow fluid to pass
around the bubble as it is moving through the reservoir. For instance a bubble struc-
ture may be a set of ridges which are used to position and guide a bubble. The
structures and ridges may be spaced close enough together such that the surface
tension of the fluid prevents the bubble from going into regions which allow the fluid
to go around the bubble. This may be beneficial because if the bubble is not proper-
ly confined the bubble may get stuck at a particular position in the secondary reser-
voir and not allowed to go to the top of the secondary reservoir or in the case where

there is a connecting conduit to allow the fluid to return to the reservoir.

in another embodiment, the reservoir and/or the the secondary reservoir comprises
a vent. The vent is sealed with a filter. The filter is permeable to air. The filter is op-
erable for sealing the fluid in the cartridge. The filter may be hydrophobic in some
embodiments. In some embodiments the gas filter may have micropores to only let
gas through, but no liquids. In some embodiments the filter may be, but is not lim-
ited to: a porous form of polytetraflucroethylene, carbon fibers, carbon fibers coated
with PTFE, carbon nanotubes, polymer fibers, or fluoropolymer fibers

In another embodiment the fluid comprises magnetic beads.

In ancther embodiment the fiuid comprises latex beads.

In another embodiment the fluid comprises a blood grouping reagent.

fn another embodiment the fluid comprises an immune reagent.

In another embodiment the fluid comprises an antibody.



WO 2013/167209 PCT/EP2012/072733
22

In another embodiment the fiuid comprises an enzyme.

In another embodiment the fluid comprises a recombinant protein,

In another embodiment the fluid comprises a virus isolate.

In another embodiment the fluid comprises a virus.

In another embodiment the fluid comprises a biological reagent.

In another embodiment the fluid comprises a solvent.

In another embodiment the fluid comprises a diluent.

In another embodiment the fluid comprises a dispersion.

In another embodiment the fluid comprises nanoparticles.

In another embodiment the fluid comprises a protein.

In another embodiment the fluid comprises a salt.

In another embodiment the fluid comprises a detergent.

In another embodiment the fluid comprises a nucleic acid.

In another embodiment the fluid comprises an acid.

In another embodiment the fluid comprises a base.

in other embodiments, the fluid is a particie suspension, a liquid reagent, a liquid

adhesive, a liquid food product, a liquid metal (e.g. a solder) or any other liquid.
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In another embodiment the cartridge further comprises a sensor operable for meter-
ing fluid dispensed by the outlet nozzle. For instance this sensor may be a capaci-

tive or optical sensor.

In another embodiment the cartridge further comprises a coupling assembly for at-
taching the slide valve and the plunger to an actuator assembly. In some embodi-
ments the coupling assembly only attaches to the plunger. In other embodiments
the coupling assembly attaches to both the slide valve and to the plunger so that

they may be actuated independently.

In some embodiments it may be possible to have a cartridge with its own actuator.
In this case the cartridge further comprises an actuator. In some cases the actuator
may be connected to the coupling assembly or the actuator may be designed or op-

erable for directly actuating the slide valve and the plunger independently.

A pumping unit as used here encompasses the slide valve and plunger for pumping
the fluid. When installed into an automatic analyzer there may be one actuator per
pumping unit or there may be one actuator which is moved and used to actuate all
of the cartridges within the automatic analyzer. In this case there may be a mecha-
nism for moving the relative positions between the cartridge and the single actuator.

There may also be an actuator for a group of cartridges.

For example there may be different configurations for the cartridge. In some embod-
iments the cartridge may have a single pumping unit. This single pumping unit may
have conduits connected to different reservoirs. This may enable the cartridge to
pump different types of fluids from the same cartridge. In another example the car-
tridge may have multiple pumping units, with each of the pumping units being con-

nected to one or more reservoirs via its slide valve.

In another embodiment the cartridge comprises multiple pumping units.

In another embodiment the cartridge comprises multiple reservoirs.

In another embodiment the muiltiple reservoirs are filled with different fluids.
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In another embodiment the slide valve comprises a piston. The pumping chamber is
a cavity within the piston. The pumping chamber is formed by the cavity and the

plunger. The piston is operable for translational motion within the volume.

The piston and the volume may have different cross-sectional shapes which corre-
sponds to each other. For instance, both the piston and the corresponding volume

may have a round, oval, or other cross-sectional shape.

In another embodiment the piston and the slide valve are operable for co-linear mo-
tion. In other words the piston and the slide valve are operable to have translational

motion that is paralle!l or in the same direction.

In another embodiment the slide valve comprises a reservoir conduit mechanical
stop for aligning the pumping chamber conduit with the reserve conduit. In other
words there is a mechanical stop which aligns the piston such that the pumping

chamber conduit is aligned with the reservoir conduit.

[n another embodiment the slide valve comprises an outlet conduit mechanical stop
for aligning the pumping chamber conduit with the outlet conduit. In other words the
slide valve has a mechanical stop which aligns the piston such that the pumping

chamber conduit lines up with the outiet conduit.

In another embodiment the piston comprises two plunger mechanical stops for limit-
ing the motion of the plunger relative to the piston. The plunger is operable for actu-
ating the piston. This embodiment may be beneficial because it enables the car-
tridge to be operated with a single linear actuater. This is particularly frue when
there are the combined embodiments of also having a reservoir conduit mechanical

stop and an outlet conduit mechanical stop.

In another aspect the invention provides for an automatic analyzer for analyzing the
biological sample. The automatic analyzer is operable for holding a cartridge ac-
cording to an embodiment of the invention. The automatic analyzer comprises an

actuator assembly operable for linear actuation of the plunger and the slide valve.
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The actuator assembly may have either one or two actuators depending upon the
design of the cartridge. For instance in some embodiments the linear actuator may
only actuate the plunger. In other embodiments there may be a linear actuator which
actuates the slide valve and the plunger independently. The automatic analyzer fur-

ther comprises a controller for controlling the operation of the actuator assembly.

In another embodiment the automatic analyzer comprises the cartridge.

In another embodiment the automatic analyzer is operable for holding a cartridge
according to an embodiment. The piston comprises two plunger mechanical stops
for limiting the motion of the plunger relative to the piston and where the plunger is
operable for actuating the piston. The actuator assembly is cperable for linear ac-
tuation of the plunger. This embodiment may be beneficial because only a single

linear actuator is used.

The actuation of the slide valve is done through or by the plunger.

n another embodiment the actuator assembly is operable for a separate linear ac-
tuation of the plunger and for the linear actuation of the slide valve. in this embodi-
ment there are two linear actuators in the actuator assembly and the plunger and
the slide valve are actuated independently. This embodiment may be beneficial be-
cause it enables mecre complex behavior or pumping protocols by the automatic

analyzer.

In another embodiment the controller is operable for controlling the actuator assem-
bly to translate the pumping chamber conduit to connect with the reservoir conduit
by translating the slide vaive. The controlier is further operable for controlling the
actuator assembly to fill the pumping chamber by increasing the volume of the
pumping chamber with a plunger. The controller is further operable for controlling
the actuator assembly to translate the pumping chamber conduit to connect with the
outlet conduit by transiating the slide valve. The controller is further operable for
controlling the actuator assembly to pump the fluid through the outlet conduit by de-

creasing the volume of the pumping chamber with the plunger.
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Translating the slide valve is equivalent herein to translating the piston in those em-

bodiments where the slide valve has a piston.

In another embodiment the controller is operable for controlling the actuator assem-
bly to translate the pumping chamber conduit to connect with the reservoir conduit
by translating the slide valve. The controller is further operabie for controlling the
actuator assembly to return the fluid to the reservoir by decreasing the volume of the
pumping chamber with a plunger. This embodiment may be advantageous because
it provides operation of the pump without priming. 100% or nearly 100% of the fluid

may be used.

In another embodiment the controller is operable for controlling the actuator assem-
bly to translate the pumping chamber conduit to connect with the reservoir conduit
by translating the slide valve. The controller is further operable for controlling the
actuator assembly to mix the fluid in the reservoir by repeatedly increasing and de-
creasing the volume of the pumping chamber with the plunger. In the case where
the fluid contains beads or particles such as magnetic or latex beads this embodi-

ment may be used to mix the fluid and its compounds.

In another embodiment the controller is further operable for controlling the actuator
assembly to retrieve fluid from the outlet conduit by increasing the volume of the

pumping chamber with the plunger.

In another embodiment the cartridge comprises an outlet nozzle. The automatic
analyzer further comprises a meniscus detector for detecting the meniscus of the
fluid. The controller is further operable for controlling the actuator assembly to force
fluid through the outlet nozzle. The controller is further operable for detecting the
meniscus using the meniscus detector. The controller is further operable for control-
ling the actuator to halt the forcing the fluid through the outlet when the meniscus is
in a predetermined location. This embodiment may be beneficial because it may
enable more accurate and more precise dispensing of the fluid. This embodiment
may be beneficial because if the meniscus is in the same place when the fluid dis-
pensing starts then the dispensing of the fluid may be more accurate, more precise

and/or more reproducible. The meniscus may be inside or outside the outlet nozzle.
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For instance the outlet nozzle may be a long tube-like structure and the meniscus
may have a particular position within the tube. In other embodiments the meniscus
may be formed by a drop of the fluid hanging from the outlet nozzle. In many appli-
cations, the meniscus is preferably positicned right at the orifice of the outlet noz-

zle.

In ancther embodiment the controller is further cperable for controlling the actuator
to force a predetermined volume of fluid through the outlet. In some embodiments
the actuator may be controlled to force the predetermined volume of fluid through

the outlet nozzle after the meniscus is in the predetermined location.

In another embodiment the meniscus detector is any one of the following: a capaci-
tive sensor, an optical sensor and a camera. When the meniscus is inside of the
nozzle a capacitive sensor may be used to detect the location of the meniscus. In
case the nozzle is optically transparent an optical sensor may also be used to de-
termine the location of the meniscus within the nozzle. If the meniscus extends be-
yond the nozzle then a capacitive sensor, an optical sensor or a camera may each

be used to determine thé location of the meniscus.

In another embodiment the automatic analyzer is operable to hold multiple cartridg-

es. Each of the multiple cartridges is according to an embodiment of the invention.

In another embodiment the automatic analyzer further comprises the muitiple car-

tridges.

The embodiment with the multiple cartridges may be implemented in a variety of
ways. For example each pumping unit may have its own actuator assembly. This
may be a parallel operation. In another example cartridges may be moved and put
onto the same actuator assembly or an actuator assembly may be moved between
different cartridges or even between different pumping units that are part of the
same cartridge. In yet other embodiments there may be multiple actuators and car-
tridges are moved via a mechanical robotic system between these multiple actua-
tors.
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In another embodiment the automatic analyzer is operable to hold multiple cartridg-
es. Each of the multiple cartridges is according to an embodiment of the invention.
In this case there may be a mechanism for providing relative movement between
the cartridges and a reaction tube / cuvette. There may be one actuator per pump-
ing unit or there may be one actuator used for multiple cartridges. In this case there
may be a mechanism or a robotic system for providing relative movement between
the cartridge and the actuator. There may also be embodiments where there are
multiple actuators each used for a group of cartridges. The group of cartridges could
be predetermined or the group of cartridges may be determined on the fly. Alterna-
tively, multiple actuators may be used for a cartridge or a group of cartridges, e.g.

for different purposes like pre-dispensing or post-dispensing acticons.

In another embodiment the automatic analyzer comprises a sensor or metering sys-
tem operable for measuring or metering the dispensing of the fluid. The controller is

operable for controlling the dispensing of the fluid in accordance with measurements
or data received from the sensor or metering system. In other words the controller is
operable for forming a closed loop control system with the sensor or metering sys-

tem for controlling the dispensing of the fiuid.

In another aspect the invention provides for a method of operating the cartridge ac-
cording to an embodiment of the invention. The method comprises the step of trans-
lating the slide valve to translate the pumping chamber conduit to connect with the
reservoir conduit. The method further comprises the step of increasing the volume
of the pumping chamber with the plunger to fill the pumping chamber. The method
further comprises the step of translating the slide valve to translate the pumping
chamber conduit to connect with the outer outlet conduit. The method further com-
prises the step of decreasing the volume of the pumping chamber with the plunger

to pump the fluid through the outlet conduit.

Embodiments descriptive of an automatic analyzer may ailso be be applicable to an

automatic system for dispensing fluids.

In another aspect the invention provides for an automatic system for dispensing flu-

ids. The automatic system is operable for holding a cartridge according to an em-
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bodiment of the invention. The automatic system comprises an actuator assembly
(200, 400, 904, 904’, 904") operable for linear actuation of the plunger and of the
slide valve. The automatic system further comprises a controller (920) for controlling

the operation of the actuator assembly.

In another embodiment the actuator assembly is operable for linear actuation of the

plunger.

In another embodiment the automatic system is operable for separate linear actua-

tion of the plunger and for linear actuation of the slide valve.

In another embodiment the cartridge comprises an outlet nozzle (126). The auto-
matic analyzer further comprises a meniscus detector (1002, 1002’, 1002”) for de-
tecting a meniscus of the fluid. The controller is operable for: controlling the actuator
assembly to force fluid through the outlet nozzle; detecting the meniscus using the
meniscus detector; and controlling the actuator to halt the forcing of fluid through the

outlet when the meniscus is in a predetermined location.

It is understood that one or more claims and/or embodiments may be combined as

long as the combined elements are not mutually exclusive.

Brief description of the drawings

In the following embodiments of the invention are explained in greater detail, by way
of example only, making reference to the drawings in which:

Fig.1 illustrates a cartridge and an actuator assembly according to an embodiment
of the invention;

Fig. 2 illustrates how the cartridge may be used to pump fluid through the outlet
conduit;

Fig. 3 illustrates a pumping method similar to that shown in Fig. 2 except additional
steps are performed to remove fluid from the outlet conduit;

Fig. 4A and 4B illustrates how fluid can be pumped through the outlet conduit
where the fluid is taken from the reservoir and then excess fluid from the outlet noz-
zle and outlet conduit is pumped into the secondary reservoir,

Fig. 5 illustrates an automatic analyzer according to an embodiment of the invention;
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Fig. 6 illustrates a bubble guide according to an embodiment of the invention;

Fig. 7 illustrates an automatic analyzer according to a further embodiment of the
invention;

Fig. 8A, 8B, 8C, and 8D illustrate the operation of a cartridge using a meniscus de-
tector,

Fig. 9 illustrates the correlation of the target volume and measured volume for an
embodiment of a rotary valve;

Fig. 10 shows a plot indicating the accuracy and the coefficient of variation for the
dispensing of fluids of different viscosities and surface tensions by an embodiment
of a rotary valve

Fig. 11 shows a cartridge according o an embaodiment;

Fig. 12 shows the cartridge of Fig. 1 connected to an actuator assembly;

Fig. 13A shows a cartridge according to a further embodiment;

Fig. 13B shows a cartridge according to a further embodiment;

Fig. 14 shows the cartridge of Fig. 2 connected to an actuator assembly;

Fig. 15A and 15B show views on different phases of the slide valve and plunger of
the embodiment shown in Fig. 1;

Fig. 16A and 168B illustrate a slide valve and a piston combination according to a
further embodiment;

Fig. 17 shows two views of a slide valve and plunger combination according to a
further embodiment;

Fig. 18A and 18B illustrate one way of operating the slide valve and piston of the
embodiment shown in Fig. 3;

Fig. 19 illustrates an automatic analyzer according to an embodiment;

Fig. 20 illustrates an automatic analyzer according to a further embodiment;

Fig. 21 shows a cartridge according to a further embodiment

Fig. 22 illustrates an alternative slide valve design;

Fig. 23 illustrates an alternative slide valve design;

Fig. 24 illustrates an alternative slide valve design;

Fig. 25 illustrates an alternative slide valve design;

Fig. 26 illustrates an alternative slide valve design; and

Fig. 27 illustrates an alternative slide valve design.

Detailed description
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Like numbered elements in these figures are either equivalent elements or perform
the same function. Elements which have been discussed previously will not neces-

sarily be discussed in later figures if the function is equivalent.

Fig. 1 illustrates a cartridge 100 and an actuator assembly 102 according to an em-
bodiment of the invention. The actuator assembly 102 comprises a linear actuator
104 which is able to actuate in direction 105. The actuator assembly 102 further

comprises a rotational actuator 106 able to actuate in the direction 107.

The cartridge 100 comprises a plunger 108 and a rotary valve 110. The cartridge
100 comprises a cartridge body 112 which has a cylindrical space 116. In this case
the cylindrical space 116 is formed by a bearing material. The rotary valve 110 has
at least a cylindrical portion 114 adapted to fit into the cylindrical space 116 of the
cartridge body 112. The rotary valve 110 has a hollow space which forms a pumping
chamber 118 which is formed by the holiow space and the plunger 108. The pump-
ing chamber 118 has a pumping chamber conduit 120 which is formed in a wall of
the rotary valve 110. The rotary valve 110 is operable for rotating within the cylindri-
cal space 116 to position the pumping chamber conduit 120 at different angular po-

sitions.

The cartridge 100 further comprises a reservoir 122 for being filled with a liquid. It is
not shown in Fig. 1 but the cartridge 100 may alsc comprise a vent for allowing gas
to be vented into the reservoir 122. The cartridge 100 further comprises a reservoir
conduit 124. The reservoir conduit 124 provides the reservoir 122 access to the
pumping chamber conduit 120 when the pumping chamber conduit is in the correct
rotational position. The cartridge 100 also comprises an optional outlet nozzle 126
for dispensing the fluid. The outlet nozzle 126 is connected to an outlet conduit 128.
The outlet conduit 128 allows the pumping chamber 118 to dispense the fluid. The
outlet conduit 128 in this embodiment is connected to the outlet nozzle 126 when
the pumping chamber conduit 120 is in the correct rotational position. There is fur-
ther shown a coupling assembly 130 which couples the actuator assembly 102 to
the cartridge 100. The coupling assembly 130 is designed for being and actuating
the piston 108 in the linear direction 105. The coupling assembly 130 is also

adapted for being able to independently rotate the rotary valve 110. For instance



WO 2013/167209 PCT/EP2012/072733
32

there may be grooves cut into the rotary valve 110 and there may be a shape on the
coupling assembly 130 which mates into the groove of the rotary valve 110. The
example shown in Fig. 1 is only cne way in which the rotary valve 110 and the pis-
ton 108 may be actuated. Other equivalent mechanisms may also be used to actu-

ate and attach to the rotary valve 110 and the piston 108.

Fig. 2 illustrates four views 200, 202, 204, 206 of the cartridge 100. Fig. 2 illustrates
how the cartridge 100 may be used to pump fluid through the outlet conduit128. In
view 200 the pumping chamber conduit 120 is aligned with the reservoir conduit
124. The plunger 108 is fully depressed and the pumping chamber 118 has no vol-
ume or is extremely small. In this example the plunger 108 is fully depressed. How-
ever, fully depressing the plunger 108 is not a requirement for the operation. In the
examples described herein the relative motion of the plunger is what is relevant. For
example, depressing the plunger 108 causes the volume of the pumping chamber to

decrease and this forces the fluid through the outlet conduit.

Next in view 202 the plunger is withdrawn in direction 208. This causes fluid from
the reservoir 122 to enter the pumping chamber 118. Next in view 204 the rotary
valve 110 is rotated 210 such that the pumping chamber conduit 120 is aligned with
the outlet conduit 128. The pumping chamber 118 is now isclated from the reservoir
122. Next in view 206 the plunger 108 is depressed in direction 212 and fluid 214

exits via the outlet conduit 128.

Fig. 3 illustrates a pumping method similar to that shown in Fig. 2 except additional
steps are performed to remove fluid from the outlet nozzle 126 and the outlet con-
duit 128. The same views 202, 204 and 206 are again shown. There are three addi-
tional views 300, 302 and 304 of the cartridge 100 are presented. The step accord-
ing to view 300 is performed after view 206. The plunger 108 is withdrawn in the
direction 306 to withdraw fluid from the outlet nozzle 126 in the outlet conduit 128. In
this example the plunger 108 is withdrawn encugh such that a bubble 208 forms in .
the pumping chamber 118. Next in view302 the rotary valve 110 is rotated in direc-
tion 310 such that the pumping chamber conduit 120 is aligned with the reservoir

conduit 124. Finally in view 304 the plunger 108 is depressed in direction 312 there-
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by forcing fluid out of the pumping chamber 118 into the reservoir 122. In addition

the bubble 308 was also forced into the reservoir 122.

Figs. 4A and 4B shows seven views 400, 402, 404, 406, 408, 410, 412 of a different
embodiment of a cartridge 414. In this embodiment the cartridge 414 has a reservoir
122 and a secondary reservoir 416. Fig. 4 illustrates how fluid 214 can be pumped
through the outlet conduit 128 where the fluid is taken from the reservoir 122 and
then excess fluid from the outlet nozzle 126 and outlet conduit 128 is pumped into
the secondary reservoir 416. In this cartridge 414 it can be seen that there is a con-
necting conduit 418 between the reservoir 122 and the secondary reservoir 416.
The connecting conduit 418 is not necessarily present in all embodiments. In some
alternative embodiments there is also a membrane which is permeable to the fluid
may be placed some place in the connecting conduit 418. View 400 shows the
plunger 108 as being fully depressed and the pumping chamber conduit 120 being
aligned with the reserveir conduit 124. Next in view 402 the plunger is withdrawn in
direction 420 filling the pumping chamber 118 with the fluid 214. Next in view 404
the rotary valve 110 is rotated such that the pumping chamber conduit 120 is

aligned with the outlet conduit 128.

The rotary valve is rotated in direction 422. Next in view 406 the plunger 108 is de-
pressed in direction 424 and fluid 214 is forced out of the outlet conduit 128. Next in
view 408 the plunger 108 is withdrawn in the direction 426 to withdraw the fluid 214
that was previously in the outlet conduit 128 and the pumping chamber conduit 120
back into the pumping chamber 118. Next in view 410 a rotary valve 110 is rotated
in direction 428 to align the pumping chamber conduit 120 with the secondary res-
ervoir conduit 430. Finally in view 412 the plunger 108 is depressed in direction 432
driving the bubble 308 and the fluid 126 into the secondary chamber 416. in some
embodiments the secondary chamber 416 may have a vent to atmosphere. In some
embodiments the vent may be covered with a filter which allows gas to pass but
which keeps the fluid 416 from exiting the cartridge 414. In view 412 the pumping
chamber conduit 120 and the secondary reservoir conduit 430 are being shown as
being filled with the bubble 308..
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Fig. 5 illustrates an automatic analyzer 500 according to an embodiment of the in-
vention. This automatic analyzer is shown as having three cartridges 502, 502" and
502”. There is an actuator assembly 504 connected to cartridge 502. There is an
actuator assembly 504’ attached to cartridge 502’. There is an actuator assembly
504" attached to cartridge 502”. The actuator assemblies 504, 504’, 504" are for
actuating the rotary valve and plunger of the cartridges 502, 502°, 502”. The auto-
matic analyzer 500 is shown as having a relative movement means 510 which pro-
vides relative movement 512 between a reagent container or cuvette 506 and the
cartridges 502, 502’ and 502”. The reagent container or cuvette 506 is shown as
containing a biological sample 508. The cartridges 502, 502’, 502" may be used to
add one or more fluids to the biological sample 508. The automatic analyzer 500 is
shown as further containing a sensor system 514. The sensor system comprises
one or more sensors for measuring a quantity or a physical or chemical or biochem-
ical property of the biological sample 508. For example the sensor system 514 may
comprise an nuclear magnetic resonance (NMR) system, an optical transmission or
reflectance measurement system, a pH meter, a camera system, a polymerase
chain reaction (PCR) apparatus, a Electrochemiluminescence (ECL) apparatus, a
spectroscopic measurement system, an electrochemical or an optical sensor, and a
chromatography system. The relative movement means 510 is aiso operable for
moving the reagent container or cuvette 506 to the sensor system 514.

The arrangement of the cartridges 502, 502°, 502" and the sensor system 514 is
representative. In some embodiments the reagent container or cuvette 506 may re-
main in a fixed position and the cartridges 502, 502, 502" may move. The actuation
systems 504, 504’, 504” and the sensor system 514 are shown as being connected
to a hardware interface 522 of a computer system 520. The computer system 520
functions as a controller for the automatic analyzer 500. The computer 520 is further
shown as containing a processor 524 which is able to control the operation and
function of the automatic analyzer 500 using the hardware interface 522. The pro-
cessor 524 is shown as further being connected to a user interface 526, computer
storage 528 and computer memory 530. The computer storage 528 is shown as
containing an analysis request 532. The analysis request 532 contains a request to

analyze the biological sample 508.
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The computer storage 528 is shown as further containing sensor data 534 received
from the sensor system 514. The computer storage 528 is shown as further contain-
ing an analysis result 536 which was determined using the sensor data 534. The
computer memory 530 contains a control module 540. The control modute 540 con-
tains computer executable code which enables the processor 524 to control the op-
eration and function of the automatic analyzer 500. For instance the control module
540 may use the analysis request 532 to generate commands to generate and send
to the actuation systems 504, 504, 504”, the sensor system 514 and the relative
movement system 510. The control module 540 may also generate the analysis re-

sult 536 using the sensor data 534.

Various algorithms may be used for controlling the dispensing-of the fluid in different
embodiments. For instance the actuator assembly may be controlled by the proces-
sor to perform a series of predetermined actions to dispense the fluid. In another
example a sensor or metering system could be iniegrated into the automatic ana-
lyzer to measure the dispensing of the fluid. In this case a algorithm which uses the
actuator assembly and the sensor to form a closed loop feedback to acéurately con-

trol or meter the dispensing of the fluid.

Fig. 6 illustrates a bubble guiding structure 600 according to an embodiment of the
invention. The bubble guiding structure 600 may for instance be located within a
reservoir or secondary reservoir of a cartridge according to an embodiment of the
invention. The bubble guiding structure 600 comprises a bubble channel 602 sur-
rounded by various fluid channels 604. The bubble channel 602 provides a path for
a bubble 606. The fluid channels 604 have a space or width 608 which is narrow
enough such that the bubble 606 is prevented from entering the fluid channel 604 by
the surface tension of the fluid. The bubble channe!l 602 confines the bubble 606

and allows the bubble to rise while allowing the fluid 610 to go around the bubble.

Fig. 7 illustrates a automatic analyzer 700 according to an emboediment of the inven-
tion that is similar to the embodiment shown in Fig. 5. The automatic analyzer 700 is
similar to the automatic analyzer 500 shown in figure 5. The automatic analyzer 700
of figure 7 additionally has a meniscus detector 702, 702°, 702”. Each meniscus de-

tector 702, 702’, 702" is positioned adjacent to the outlet nozzle 126. The meniscus
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detector 702, 702’, 702" are each connected to the hardware interface 522. This
enables the processor 524 to control the actuator assemblies 504, 504°, 504 to
control the location of the meniscus. This for instance may enable the processor to
more accurately and or reproducibly dispense fluid from the cartridges 502, 502/,
502",

Figure 8 shows 11 views 800, 802, 804, 806, 808, 810, 812, 814, 816, 818, 822 il-
lustrates the functioning of a cartridge 100 in conjunction with a meniscus detector
702. In these examples the meniscus detector 702 is an optical sensor. The use of

the optical sensor 702 is exemplary. Other types of sensors may also be used.

In view 800 the pumping chamber conduit 120 has heen rotated into position such
that it is aligned with the reservoir conduit 124. The plunger 108 is shown in this
view 800 as being fully depressed. The pumping chamber 118 is therefore extreme-
ly small and is not visible in this view 800. The position of this plunger 108 in this
position is not necessarily required as long as the plunger 108 is still able to in-
crease or withdraw a reasonable amount of fluid 214 from the reservoir 122. Next in
view 802 the plunger 108 is withdrawn to increase the volume of the pumping
chamber 118 and draw fluid 214 from the reservoir 122 into the pumping chamber
118. Next in view 804, the pumping chamber conduit 120 is rotated into position
such that is it is aligned with the outlet conduit 128.

In view 806 the plunger 108 is depressed which decreases the volume of the pump-
ing chamber 118. This forces fluid 214 info the outlet conduit 128 and the outlet
nozzle 126. The plunger 108 is controlled in accordance with the meniscus detector
702. When the meniscus 822 reached a predetermined position the meniscus de-
tector 702 was used to detect this and the depression of the plunger 108 was halt-
ed. Next in view 808 the pumping chamber conduit 120 is again rotated into align-
ment with the reservoir conduit 124. In view 810 the plunger 108 is withdrawn there-
by increasing the volume of the pumping chamber 118 and drying fluid 214 from the
reservoir 122. Next in view 812 the pumping chamber conduit 120 is rotated into
position so that it is aligned the outlet conduit 128. The pumping chamber 118 is
filled with the fluid and the meniscus a 22 is in the predetermined location. Next in

view 814 the plunger 108 is depressed forcing fiuid out of the outlet nozzle 126. it
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can be seen in view 814 that there is still fluid within the outlet conduit 128 and the
outlet nozzle 126. Next in view 816 the plunger 108 is retracted to withdraw the fluid
214 that was in the outlet conduit 128 and the outlet nozzle 126 back in two the
pumping chamber 118 in view 818 the pumping chamber conduit 120 is rotated into
position with the reservoir conduit 124. Then finally in view 820 a 20 the plunger 108
is depressed forcing the fluid back into the reserveir 122. A bubble 308 which was
inside the pumping chamber is forced out of the pumping chamber and into the res-

ervoir 122.

Fig. 9 illustrates the correlation of the target volume and measured volume for an
embodiment of a rotary valve comprising a pumping chamber volume of 10 pL. Fig.
9 shows a plot of the target volume (in uL) 900 vs the measured volume (in uL) 902.
The measured points are connected by a linear fit indicated by the dashed line 904.
For each data point water was used as the test fluid. The measured volume has
been determined using a calibrated scale. Each data point indicates an average of
three trials performed for the same target volume. In each frial or run, the pumping
was repeated 24 times. In other words, at each target volume three trials or runs
were performed. For each of these three runs, the fluid was dispensed 24 times and
averaged. The data shown in Fig. 9 illustrate both the very high accuracy (small er-
ror bars, even for very small target volumes) and linearity (linear fit is very close to
the ideal bisector line) over an large range of target volumes which can be achieved

by using an rotary valve according to the invention.

Fig. 10 shows a plot indicating the accuracy and the coefficient of variation (CV) for
the dispensing of fluids by an embodiment of a rotary valve comprising a pumping
chamber volume of 10 uL for fluids of different viscosities and surface tensions. The
X-axis 1000 indicates the viscosity of 19 different fluids A-S in terms of mPas. The
left Y-axis 1002 indicates the surface tension of each of these fluids in terms of
mN/m. The plot of viscosity vs. surface tension for each fluid is indicated by the line
1004. The measured volume has been determined using a calibrated scale. For
each fluid, a trial comprising 21 subsequent dispenses of a target volume of 1 JL

has been performed.
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The right Y-axis 1006 indicates the accuracy of the dispensing 1008 (left column, in

%) and the coefficient of variation 1010 (right column, in %) for each fluid.

The data shown in Fig. 10 illustrate that the accuracy and reproducibility of dispens-
ing which can be achieved by using an rotary valve according to the invention is
very high and (almost) independent of the viscosity and/or surface tension of the
fluid which is dispensed: If comparing the accuracy and CV values of the different
fluids A - S in consideration of their increasing viscosity {indicated on the X-axis), no
effect of the viscosity both on accuracy and CV can be identified. Also, if comparing
the accuracy and CV values of the different flu.ids A - S in consideration of their re-
spective surface tension (shown in 1004 and indicated on the left Y-axis), also no

effect of the surface tension both on accuracy and CV can be identified.

Fig. 11 shows a cartridge 1100 according to an embodiment of the invention. The
cartridge comprises a plunger 1108 which is able to slide within a piston 1114. The
piston 1114 and a volume 1116 form a slide valve 1110. The volume 1116 may be
formed in a housing 1117 or a portion of the cartridge 1100. The slide valve 1110 is
capable of rectilinear motion. As the piston moves 1114 there is a pumping chamber
conduit 1120 that is moved along with the piston 1114. There is a hole within the
piston 1114 that the plunger 1108 can move in. This hole in the piston 1114 and the
plunger 1108 form a pumping voiume 1118.

The piston 1114 is able to move the pumping chamber conduit 1120 into different
locations. In this view it is shown as being aligned with a reservoir conduit 1124. The
reservoir conduit 1124 connects a reservoir 1122 filled with a fluid with the pumping
chamber 1118. The reservoir 1122 is surrounded by a cartridge body 1112. In this
position the plunger 1134 can be moved such as to increase or decrease the vol-
ume of the pumping chamber 1118. When the plunger 1108 is moved to increase
the volume of the pumping chamber 1118 when the piston 1114 is in this location

fluid can be withdrawn from the reservoir 1122.

The piston 1114 can be moved such that the pumping chamber conduit 1120 is

aligned with an outlet conduit 1128. The outlet conduit 1128 provides access to an
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outlet nozzle 1126. When the pumping chamber conduit 1120 is aligned with the
outlet conduit 1128 the fluid can be expelled from the pumping chamber 1118
through the nozzie 1126 by decreasing the volume of the pumping chamber 1118.

In this embodiment the piston 1114 is shown as having a first plunger mechanical
stop 1130 and a second plunger mechanical stop 1132. The plunger in this example
has a mechanical extension 1134 that is operable for contacting the first plunger
mechanical stop or the second plunger mechanicai stop. In this embodiment the
entire pumping arrangement may be done only be actuating the plunger 1103.
When the mechanical extension 1134 contacts the first plunger mechanical stop
1130 the plunger 1108 is able to push the piston 1114 such that the pumping cham-
ber conduit 1120 is aligned with the reservoir conduit 1124. When the mechanical
extension 1134 contacts the second plunger mechanical stop 1132 the plunger
1108 is able to move the piston 1114 such that the pumping chamber conduit 1120
is aligned with the outlet conduit 1128.

The first plunger mechanical stop 1130, the second plunger mechanical stop 1132
and the mechanical extension of the plunger 1134 may not be present in all embod-
iments.

In an alternative embodiment the cartridge may have a reservoir mechanical stop.
The reservoir mechanical stop is able to contact a contacting surface. This provides
a reservoir mechanical stop that roughly aligns the pumping chamber conduit 1120
with the reservoir conduit 1124. In some embodiments, there may also be an outlet
mechanical stop present and corresponding contacting surface for aligning the

pumping chamber conduit with the outlet conduit.

In an alternative embodiment an end of the volume 1116 may provide a mechanical
stop for aligning the pumping chamber conduit 1120 with the reservoir conduit. For

instance in this example the volume 1118 is closed at one end with the exception of
an air vent 1140. The ending surface 1142 may be used in some embodiments as a

mechanical stop for the piston 1114 also.



WO 2013/167209 PCT/EP2012/072733
40

In some embodiments the plunger 1134 may operate in the position of the piston
1114 without the use of the reservoir mechanical stop or even a conduit mechanical
stop. For instance the surface between the piston 1114 and the volume 1116 may
be constructed such that it is more difficult to move piston 1114 than it is the plunger
1108, e.g. because the static friction between the piston 1114 and the volume 1116
is larger than the static friction between the plunger 1108 and the corresponding
hole in the piston 1114. In this case the plunger 1108 can be moved without dislo-
cating the piston 1114 unless the plunger 1108 contacts one of the first plunger me-

chanical stop 1130 or the second plunger mechanical stop 1132.

Fig. 12 shows the cartridge 1100 of Fig. 11 connected to an actuator assembly
1200. The actuator assembly 1200 comprises a linear actuator 1202 which moves
along a linear track 1204 in the direction 1206. The linear actuator 1202 is connect-

ed by a coupling assembly 1208 to the plunger 1108.

Fig. 13A shows a further example of a cartridge 1300. The example in Fig. 13 is
similar to that shown in Figs. 11 and 12 with several additional features. In this em-
bodiment there is a secondary reservoir 1322. The secondary reservoir 1322 is
connected to a secondary reservoir conduit 1324 which can be aligned with the
pumping chamber conduit 1120. There is an optional connection for a connecting
conduit 1326 between the reservoir 1122 and the secondary reservoir 1322. In this
example there is also an optional membrane 1327 covering the surface of the con-
necting conduit 1326. The membrane 1327 for instance may prevent bubbles from
the secondary reservoir 1322 from entering the reservoir 1122. This structure may
for instance be useful for pumping fluid 1302 out of the reservoir 1122 and returning
unused fluid 1302 to the secondary reservoir 1322. The reservoir 1122 has an op-
tional vent 1328 and the secondary reservoir 1322 has an optional vent 1330. There
is a side wall 1332 which divides the reservoir 1122 from the secondary reservoir
1322. In some embodiments this dividing wall 1332 may not be present in which
case the primary reservoir forms a first portion of the reservoir and the secondary
reservoir 1322 forms a second portion of the reservoir. In this example the plunger
1108 and the piston 1114 are actuated independently. Such a structure for the
plunger 1108 and the piston 1114 may also be used as an alternative to the struc-

ture shown in Fig. 11.
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Fig. 13B shows an alternative example of a cartridge 1350 that is similar to the car-
tridge 1300 shown in Fig. 13A. In the embodiment of Fig. 13B there is a separate
reservoir 1122’and a separate secondary reservoir 1322°. The connecting conduit
1326 of Fig. 13A is not present. The reservoir 1122' may contain a first fluid 1302
and the secondary reservoir 1322’ may contain a second fluid 1302’. The first fluid
1302 and the second fluid 1322" may be different fluids.

Fig. 14 shows the cartridge 1300 in Fig. 13 connected fo an actuator assembly
1400. In this embodiment both the plunger 1108 and the piston 1114 are actuated
independently. There is a linear actuator 1202 which moves along a linear track
1204 which is connected to the plunger 1108 by a coupling assembly 1208. There is
a linear actuator 1402 which moves along linear track 1404 which is connected to
the piston 1114 by a coupling assembly 1408. Both linear actuators 1202 and 1402
are able to move in the direction 1206. The actual implementation of the actuator
assembly 1400 is intended to be representative and other actual constructions may

be used also.

Figs. 15A and 15B show five different views 1500, 1502, 1504, 1506, 1508 of the
slide valve 1110 with a plunger 1108 and piston 1114 of the embodiment shown in
Fig. 11. Figs. 15A and 15B show an example of how the piston 1114 and plunger
1108 can be used to pump fluid from the reservoir chamber through the outlet noz-
zle 1126. In view 1500 the pumping chamber conduit 1120 is aligned with the reser-
voir conduit 1124. The pumping chamber volume 1118 is at its minimum volume.
The mechanical extension 1134 is in contact with the first plunger mechanical stop
1130. Next in view 1502 the plunger 1108 is withdrawn in direction 1510. The
plunger is withdrawn until the mechanical extension 1134 contacts the second
plunger mechanical stop 1132. In this embodiment, the piston 1114 requires more
force to move than the plunger 1108. in other words the plunger 1108 slides easier
than the piston 1114. This could be accomplished by designing the plunger 1108 so
that it has less friction than the piston 1114. This enables the piston 1114 and the
plunger 1108 to be operated using a single actuator. Mechanical stops 1130 and
1132 are used to restrict the motion of the plunger 1108. The frictional force on the

plunger cause the plunger 1108 to move first when a linear force is applied to the
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plunger 1108. When the plunger 1108 hits a mechanical stop 1130, 1132 then the
plunger 1108 and the piston 1114 move together.

The pumping chamber 1118 is filled with fluid from the fluid reservoir. Next in view
1504 the plunger 1108 is withdrawn further. The mechanical extension 1134 is in
contact with the second plunger mechanical stop 1132 so the piunger 1108 exerts
force on the piston 1114. The plunger 1108 is moved so far such that the piston
1114 moves the pumping chamber conduit 1120 into alignment with the outlet con-
duit 1128. Next in view 1506 plunger 1108 is moved in direction 1514. The fluid is
forced out of the pumping chamber 1118 by the plunger 1108 and through the outlet
conduit 1128. Fluid exits the outlet nozzle 1126 and forms droplets 1516 exiting the
cartridge through the outlet nozzle 1126.

Finally in view 1508 the plunger 1108 is depressed 1516 further such that the me-
chanical extension 1134 exerts force on the second plunger mechanical stop 1132
to force the piston 1114 to align the pumping chamber conduit 1120 with the reser-
voir conduit 1124 again. In this embodiment there is no mechanical stop to align the
piston with the reservoir conduit 1124. This would most likely be performed by con-
trolling the actuator of the plunger 1108. View 1508 is substantially the same as

view 1500. In this position the pumping process can begin again.

Figs. 16A and 16B illustrate an alternative embodiment to the slide valve 1110 of
Fig. 11. [n the embodiment shown in Fig. 16A and 16B the slide valve comprises a
piston 1114 with a plunger 1108. The operation of this alternative embodiment is
also illustrated in Figs. 16A and 16B by views 1600, 1602, 1604, 1606, and 1608. in
the embodiment shown in Figs. 16A and 16B the linear position of the reservoir
conduit 1124 and the outlet conduit 1128 are reversed with respect to those in Fig.
15A and 15B. In contrast to the embodiment shown in Fig. 15A and 15B, the piston
1114 requires less force to move than the plunger 1108. In other words the piston
1114 slides easier than the plunger 1108. This could he accomplished by designing
the plunger 1108 so that it has mare friction than the piston 1114. As is described
below, the mechanicai stops 1130, 1132, 1609 and 1610 in combination with the

frictional plunger 1108 enable pumping to be accomplished with a single actuator.
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This embodiment has an outlet mechanical stop 1610 that aligns the piston 1114
such that the pumping chamber conduit 1120 aligns with the outlet conduit 1128.
This embodiment also has a reservoir mechanical stop 1609 that is shown as ex-
tending out from the slide valve 1110. The piston has a contacting surface 1611.
When the contacting surface 1611 contacts the reservoir mechanical stop 1609, the
reservoir conduit 1124 is aligned with the pumping chamber outlet 1120. There is
also an outlet mechanical stop 1610 on the slide valve 1110 that is operable for
becoming in contact with contacting surface 1613. When the outlet mechanical stop
1610 contacts contacting surface 1613 the pumping chamber conduit 1120 is
aligned with the with the outlet conduit 1128.

In view 1600 the pumping chamber conduit 1120 is aligned with the reservoir con-
duit 1124. The pumping chamber 1118 is at its minimum and the contacting surface
1611 of the piston 1114 is in contact with the reservoir mechanical stop 1609. The
slide valve 1110 is shown as having a first plunger mechanical stop 1130 and a se-
cond plunger mechanical stop 1132. When mechanical extension 1134 is in contact
with the first plunger mechanical stop 1130 then the volume of the pumping cham-
ber 1118 is at a minimum. When the mechanical extension 1134 is in contact with
the second plunger mechanical stop 1132 then the volume of the pumping chamber

1118 is at a maximum.

The piston 1108 has its mechanical extension 1134 in contact with the first plunger
mechanical stop 1130. Next in view 1602 the plunger 1108 is withdrawn in direction
1612. The volume of the pumping chamber 1118 increases and fluid is withdrawn
from the reservoir chamber until the mechanical extension 1134 contacts the se-
cond plunger mechanical stop 1132. The reservoir mechanical stop 1609 prevents

the piston 1114 from moving during this.

Next in view 1604 the piston 1108 is moved in direction 1614. The volume of the
pumping chamber 1118 stays the same and the contacting surface 1613 of the pis-
ton 1114 comes in contact with the outlet mechanical stop 1610. This aligns the
pumping chamber conduit 1120 with the outlet conduit 1128.

Next in step 1606 the plunger 1108 is depressed further until the mechanical exten-

sion 1134 contacts the first plunger mechanical stop. The piston 1114 is already in
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contact with the outlet pumping chamber conduit mechanical stop 1610. As the
plunger 1108 is depressed in direction 1616 the piston 1114 cannot move any fur-
ther. The plunger 1108 then forces fluid out of the pumping chamber 1118 through
the outlet conduit 1128 and the nozzle 1126. Droplets of fluid 1516 form exiting the
cartridge. The plunger 1108 can be depressed until the mechanical extension 1134
comes in contact with the first plunger mechanical stop 1130.

Next in step 1608 the plunger 1108 is moved in direction 1618. The plunger is
moved in direction 1618 until the contacting surface 1611 of the piston 1114 con-
tacts the reservoir mechanical stop 1609. The piston 1114 and plunger 1108 are
now in the same position they were in in view 1600. The pumping cycle has been
completed. This process may be repeated to pump more fluid 1516 out of the car-

tridge.

Fig. 17 shows two views 1700, 1702 of a slide valve 1110 and plunger combination
1108 that is an alternative to that shown in Fig. 11. In this embodiment there are no
mechanical stops and the piston 1114 and the plunger 1108 may be operated inde-
pendently. In view 1700 the piston 1114 has been moved such that the pumping
chamber conduit 1120 is in alignment with the reservoir conduit 1124. Fluid may be
pumped into the pumping chamber 1118 by moving the plunger 1108 outwards. Flu-
id may also be moved back into the reservoir conduit 1124. For instance used fluid
may be moved back into the reservoir chamber 1124 or the plunger 1108 may bhe
moved in a reciprocating fashion to mix the fluid. View 1702 shows the piston 1114
in a different position such that the pumping chamber conduit 1120 is in alignment
with the outlet conduit 1128. The piston 1108 can be moved in the direction 1704 to
pump fluid through the outlet conduit 1128 and the outlet nozzle 1126 thus forcing
droplets 1516 of fluid out of the cartridge.

Figs. 18A and 18B illustrate one way of operating the slide valve 1110 of the em-
bodiment shown in Fig. 13. The method illustrated in Figs. 18A and 18B illustrate
how the amount of fluid waste may be reduced during operation. This method is il-
lustrated in eight different views, 1800, 1802, 1804, 1806, 1808, 1810, 1812, and
1814. The piston 1114 and plunger 1108 are operated independently. The method
starts in view 1800. In view 1800 the pumping chamber conduit 1120 is aligned with

the reservoir conduit 1124. The plunger 1108 is in a position where the pumping
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chamber 1118 has a relatively small volume. In view 1802 the plunger 1108 is with-
drawn in direction 1816. This causes fluid to be drawn from the fluid reservoir into
the pumping chamber 1118. Next in view 1804 both the plunger 1816 and the piston
1818 are both withdrawn simultaneously in direction 1820, 1818. The piston 1114
and the plunger 1108 are both moved the same amount. They are both moved until

the pumping chamber conduit 1120 is aligned with the outlet conduit 1128.

Next in view 1806 the piston 1114 remains in the same position and the plunger
1108 is depressed 1822. This forces the fluid out of the pumping chamber 1118 and
through the outlet conduit 1128. This forces the fluid in droplets 1516 out of the out-
let nozzle 1126.

Next in view 1808, to remove fluid remaining within the outlet conduit 1128, the
plunger 1108 is withdrawn in direction 1824 with the piston 1114 remaining in the
same position. The plunger 1108 has been withdrawn 1824 sufficiently such that the
majority of fluid has been removed from the outlet conduit 1128. Also a quantity of
air may be withdrawn also forming a bubble 1826. This results in a complete empty-
ing of the outlet conduit 1128 from remaining fluids and thereby avoids the drying of
fluid compounds within this outlet conduit 1128. Due to this complete emptying of
the outlet conduit 1128, no washing or “priming” steps before the next dispensing
step are necessary resulting in a maximum efficiency of the use of the fluid volume
within the reservoir. Thus far the amount of fluid used for cleaning purposes has
been reduced; however the presence of a bubble may cause inaccuracies in the

dispensing of fluid.

Next in view 1810, to eliminate this problem both the piston 1114 and the plunger
1108 are simultanously withdrawn in direction 1830, 1832, Both the piston 1114 and
the plunger 1108 are moved the same amount. They are moved such that the
pumping chamber conduit 1120 is aligned with the secondary reservoir conduit
1324,

Next in view 1812 the piston 1114 remains stationary and the plunger 1108 is de-
pressed in direction 1834. This forces the bubble 1826 to the secondary reservoir.

This has removed the bubble 1826 from the pumping chamber 1118 and the pump-
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ing chamber conduit 1120. The bubble 1826 can no longer interfere with the proper
metering of the fluid in the pumping chamber 1118.

Finally in view 1814 both the piston 1114 and the plunger 1108 are depressed
simulatously in direction 1836, 1838 the same amount. The pumping chamber outlet
1120 is again aligned with the reservoir conduit 1124 and the pumping cycle is
complete. The pump may be used again without the bubble 1826 interfering with the

correct measurement or metering of the fluid.

Fig. 19 illustrates an autcmatic analyzer 1900 according to an embodiment of the
invention. This automatic analyzer is shown as having three cartridges 1902, 1902’
and 1902". There is an actuator assembly 1904 connected to cartridge 1902. There
is an actuator assembly 1904 attached to cartridge 1902'. There is an actuator as-
sembly 1904” attached to cartridge 1902”. The actuator assemblies 1904, 1804,
1904 are for actuating the slide valve and plunger of the cartridges 1902, 1902’
1902”. The automatic analyzer 1800 is shown as having a relative movement
means 1810 which provides relative movement 1912 between a reagent container
or cuvette 1906 and the cartridges 1902, 1902’ and 1902". The reagent container or

cuvette 1906 is shown as containing a biological sample 1508.

The cartridges 1902, 1902’, 1902" may be used to add one or more fluids to the bio-
logical sample 1908. The automatic analyzer 1900 is shown as further containing a
sensor system 1914, The sensor system comprises one or more sensors for meas-
uring a quantity or a physical or chemical or biochemical property of the biological
sample 1908. For example the sensor system 1914 may comprise an nuclear mag-
netic resonance (NMR) system, an optical transmission or reflectance measurement
system, a pH meter, a camera system, a pclymerase chain reaction (PCR} appa- |
ratus, a Electrochemiluminescence (ECL) apparatus, a spectroscopic measurement
system, an electrochemical or an optical sensor, and a chromatography system.
The relative movement means 1910 is also operable for moving the reagent con-

tainer or cuvette 1906 to the sensor system 1914,

The arrangement of the cartridges 1902, 1902, 1902” and the sensor system 1914
Is representative. In some embodiments the reagent container or cuvette 1906 may

remain in a fixed position and the cartridges 1902, 1902’, 1902” may move. The ac-



WO 2013/167209 PCT/EP2012/072733
47

tuation systems 1904, 1904, 1904 and the sensor system 1914 are shown as be-
ing connected to a hardware interface 1922 of a computer system 1920. The com-
puter system 1920 functions as a controller for the automatic analyzer 1900. The
computer 1920 is further shown as containing a processor 1924 which is able to
control the operation and function of the automatic analyzer 1900 using the hard-
ware interface 1922. The processor 1924 is shown as further being connected to a
user interface 1926, computer storage 1928 and computer memory 1930. The com-
puter storage 1928 is shown as containing an analysis request 1932. The analysis

request 1932 contains a request to analyze the biological sample 1908.

The computer storage 1928 is shown as further containing sensor data 1934 re-
ceived from the sensor system 1914. The computer storage 1928 is shown as fur-
ther containing an analysis result 1936 which was determined using the sensor data
1934. The computer memory 1930 contains a control module 1940. The control
module 1940 contains computer executable code which enables the processor 1924
to control the operation and function of the automatic analyzer 1900. For instance
the control module 1940 may use the analysis request 1932 {o generate commands
to generate and send to the actuation systems 1904, 1904’, 1904", the sensor sys-
tem 1914 and the relative movement system 1910. The control module 1940 may

also generate the analysis result 1936 using the sensor data 1934.

Various algorithms may be used for controlling the dispensing of the fluid in different
embodiments. For instance the actuator assembly may be controlled by the proces-
sor to perform a series of predetermined actions to dispense the fluid. in another
example a sensor or metering system could be integrated into the automatic ana-
lyzer to measure the dispensing of the fluid. In this case a algorithm which uses the
actuator assembly and the sensor to form a closed loop feedback to accurately con-

trol or meter the dispensing of the fluid.

Fig. 20 illustrates an automatic analyzer 2000 according to an embodiment of the

invention that is similar to the embodiment shown in Fig. 19. The automatic analyzer
2000 is similar to the automatic analyzer 1900 shown in Fig. 19. The automatic ana-
lyzer 2000 of Fig. 20 additicnally has a meniscus detector 2002, 2002°, 2002". Each

meniscus detector 2002, 2002’, 2002” is positioned adjacent to the outlet nozzie



WO 2013/167209 PCT/EP2012/072733
48

1126. The meniscus detector 2002, 2002, 2002 are each connected to the hard-
ware interface 1922. This enables the processor 1924 to control the actuator as-
semblies 1904, 1904’, 1904" o control the location of the meniscus. This for in-
stance may enable the processor to more accurately and/or reproducibly dispense
fluid from the cartridges 1902, 1902, 1902”.

Fig. 21 shows a further example of a cartridge 2100. The cartridge 2100 shown in
Fig. 21 is similar to that shown in Fig. 11. The cartridge 2100 shown in Fig. 21 com-
prises two parts. There is a attachable reservoir 2102 and a pumping unit 2104. The
pumping unit 2104 has a first connection 2106 and the attachable reservoir 2102
has a second connection 2108. The first connection 2106 is operable for connecting
to the second connection 2108. This attaches the attachable reservoir 2102 to the
pumping unit 2104. The attachable reservoir 2102 in this example is shown as hav-
ing a vent 1328. Near the second attachment 2108 the reservoir 1122 is sealed with
a seal 2110. Near the first connection 2106 there is a knife edge 2112 that is oper-
able for opening the seal 2110 when the first connection 2106 is connected to the

second connection 2108.

The embodiment shown in Fig.21 enables more flexibility and economy in preparing
multiple cartridges. For instance the volume of the attachable reservoir could be var-
ied as well as the type of fluid filling the reservoir 1122. The pumping unit 2104 may
also be varied. For instance the diameter of the plunger 2108 as well as its stroke
could be varied. This may allow for either a more accurate or a high-volume pump-

ing unit to be selected.

Figs. 22 through 25 show various embodiments of the slide valve 1110. All of the
embodiments shown in Figs. 22 through 25 show a plunger 1108 with a mechanical
extension 1134 on the plunger. The piston 1114 in each of these embodiments has
a first plunger mechanical stop 1130 and a second the plunger mechanical stop
1132 as is described in Fig. 11.

The embodiment of the slide valve 1110 shown in Fig. 22 does not have air vent

1140. There is also no reservoir mechanical stop or outlet mechanical stop. Precise
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alignment of the pumping chamber conduit 1120 with the reservoir conduit 1124 or

outlet conduit 1128 may be done or provided by an actuator.

In Fig.23, the slide valve 1110 is shown as comprising an air vent 1140 as is shown
in Fig. 11. The slide valve 1110 is shown as comprising a reservoir mechanical stop
1609 for contacting a surface 1611 of the piston 1114. The reservoir mechanical
stop 1609 alignes the pumping chamber conduit 1120 with the reservoir conduit
1124. However, there is no mechanical stop which aligns the outlet conduit 1128
with the pumping chamber conduit 1120. Precise alignment of the pumping chamber

conduit 1122 the outlet conduit 1128 may be done by a linear actuator.

In Fig. 24 an air vent is not shown. In the embodiment shown in Fig. 24. The slide
valve 1110 comprises a outlet mechanical stop 1610 for contacting a surface 1613
of the piston 1114. The outlet mechanical stop 1610 is operable for aligning the out-
let conduit 1128 with the pumping chamber conduit 1120. However there is no me-
chanical stop for aligning the pumping chamber conduit 1120 with the reservoir con-
duit 1124. Precise alignment of the reservoir conduit may be provided by a linear

actuator.

In Fig.25 an air vent 1140 is shown. The embodiment shown in Fig. 25 comprises a
reservoir mechanical stop 1609 for contacting a surface 1611 of the piston 1114.
The reservoir mechanical stop 1609 aligns the pumping chamber conduit 1120 with
the reservoir conduit 1124. The embodiment shown in Fig'. 25 also shows a outlet
mechanical stop 1610 on the slide valve 1110. The outlet mechanical stop 1810 is
operable for contacting the cut surface 1613 of the piston 1114. The outlet mechani-
cal stop 1610 is operable for aligning the pumping chamber conduit 1120 with the
outlet conduit 1128.

The examples shown in Figs. 22 through 25 are intended to be exemplary and are
not all possible combinations of how the slide valve 1110 could be constructed. For
example the relative position of the reservoir conduit 1124 and the outlet conduit

1128 could be juxtaposed linearly.
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Figs. 26 and 27 illustrates how the friction between the plunger 1108 and the piston
1114 may be increased. In Fig. 26 the slide valve 1110 is shown as having a vent
1110 as is shown in Fig. 11. The slide valve 1110 further comprises a reservoir me-
chanical stop 1610 and an outlet mechanical stop 1609 for contacting the piston
1114. As described previously these mechanical stops 1609, 1610 serve to align the
pumping chamber conduit 1120 with the reservoir conduit 1124 and the outlet con-
duit 1128. The plunger 1108 is shown as having the mechanical extensions 1134.
However in the embodiment shown in Fig. 26 there are no first plunger mechanical
stops 1130 or second plunger mechanical stops 1132 as has been previously
shown. The mechanical extensions 1134 contact a surface 2600 within the piston
1114. The contacting mechanical extension 1134 and the surface 2600 increases
the friction between the plunger 1108 and the piston 1114. This enables the piston
1114 to be actuated by motion of the plunger 1108. As there are no plunger me-
chanical stops in this embodiment the movement of the plunger 1108 will be con-

trolied by a linear actuator.

Fig. 18 shows an embodiment of a slide valve 1110 similar to that shown in Fig. 26.
The embodiment shown in Fig. 27 is similar to that shown in Fig. 26 except with the
addition of a first plunger mechanical stop 1130 and a second plunger mechanical -
stop 1132 for limiting the travel of the plunger 1108 relative to the piston 1114. Me-
chanical extensions 1134 still contact a surface 2600 which increases the friction
between the plunger 1108 and the piston 1114. This enables the piston 1114 to be
actuated by the plunger 1108.



WO 2013/167209

51

Listofreference numerals

PCT/EP2012/072733

cartridge

actuator assembly
linear actuator
direction of linear motion
rotational actuator
direction of rotational motion
plunger

rotary valve
cartridge body
cylindrical portion
cylindrical space
pumping chamber
pumping chamber conduit
reservoir

reservoir conduit
outlet nozzle

outlet conduit
coupling assembly
first view

second view

third view

fourth view

plunger withdrawn
rotary valve rotated
plunger depressed
fluid

fifth view

sixth view

seventh view
plunger withdrawn
bubble



WO 2013/167209

310
312
400
402
404
406
408
410
412
414
416
418
430
500
502

502"

502"
504
504
504"
206
208
510
512
514
520
522
524
526
528
530
532
534
236

52

rotary valve rotated
plunger depressed
first view

second view

third view

fourth view

fifth view

sixth view

seventh view
cartridge
secondary reservoir

connecting conduit

secondary reservoir conduit

automatic analyzer
cartridge

cartridge

cartridge

actuator assembly
actuator assembly
actuator assembly
reagent holder or cuvette
biological sample
relative movement means
relative movement
sensor system

computer

hardware interface
processor

user interface

computer storage
computer memory
analysis request

sensor data

analysis result

PCT/EP2012/072733



WO 2013/167209

540
600
602
604
606
608
610
700
702
800
802
804
806
808
810
812
814
816
818
820
900
902
904
1000
1002
1004
1006
1008
1010
1100
1108
1110
1112
1114

53

control module
bubble guiding structure
bubble channel
fluid channel
bubble

space

fluid

automatic analyzer
meniscus detector
rotary valve rotated
plunger withdrawn
rotary valve rotated
plunger depressed
rotary valve rotated
plunger withdrawn
rotary valve rotated
plunger depressed
plunger withdrawn
rotary valve rotated
plunger depressed
target volume
measured volume
linear fit

viscosity

surface tension

viscosity vs. surface tension

percentage

accuracy

coefficient of variation (CV)

cartridge
plunger

slide valve
cartridge body

piston

PCT/EP2012/072733



WO 2013/167209

1116
1117
1118
1120
1122
1122
1124
1126
1128
1130
1132
1134
1140
1142
1200
1202
1204
1206
1208
1300
1302
1302’
1322
1322’
1324
1326
1327
1328
1330
1332
1400
1402
1404
1408

PCT/EP2012/072733
54

volume

housing

pumping chamber

pumping chamber conduit
reservoir

reservoir

reservoir conduit

outlet nozzle

outlet conduit

first plunger mechanical stop
second plunger mechanical stop
mechanical extension of plunger
air vent

inner surface

actuator assembly

linear actuator

linear track

direction of actuation
coupling assembly
cartridge

fluid

fluid

secondary reservoir
secondary reservoir
secondary reservoir conduit
connecting conduit
membrane

vent

vent

dividing wall

actuator assembly

linear actuator

linear track

coupling assembly



WO 2013/167209

1500
1502
1504
1506
1508
1510
1512
1514
1516
1600
1602
1604
1606
1608
1609
1610
1611
1612
1613
1614
1616
1618
1700
1702
1704
1800
1802
1804
1806
1808
1810
1812
1814
1816

55

view of slide valve and plunger
view of slide valve and plunger
view of slide valve and plunger
view of slide valve and plunger
view of slide valve and plunger
plunger withdrawn

plunger withdrawn

plunger depressed

droplet

view of slide valve and plunger
view of slide valve and plunger
view of slide valve and plunger
view of slide valve and plunger
view of slide valve and plunger
reservoir mechanical stop
outlet mechanical stop
contacting surface

plunger withdrawn

contacting surface

plunger depressed

plunger depressed

plunger withdrawn

view of slide valve and plunger
view of slide valve and plunger
plunger depressed

view of slide valve and plunger
view of slide valve and plunger
view of slide valve and plunger
view of slide valve and plunger
view of slide valve and plunger
view of slide valve and plunger
view of slide valve and plunger
view of slide valve and plunger

plunger withdrawn

PCT/EP2012/072733



WO 2013/167209

1818
1820
1822
1824
1830
1832
1834
1836
1838
1900
1902
1902’
1902”
1904
1904
1904”
1906
1908
1910
1912
1914
1920
1922
1924
1926
1928
1930
1932
1934
1936
1940
2000
2002
2002

56

plunger withdrawn
piston withdrawn
plunger depressed
plunger withdrawn
piston withdrawn
plunger withdrawn
plunger depressed
piston depressed
plunger depressed
automatic analyzer
cartridge

cartridge

cartridge

actuator assembly
actuator assembly
actuator assembly
reagent holder or cuvette
biclogical sample
relative movement means
relative movement
sensor system
computer
hardware interface
processor

user interface
computer storage
computer memory
analysis request
sensor data
analysis result
control module
automatic analyzer
meniscus detector

meniscus detector

PCT/EP2012/072733



WO 2013/167209

2002"
2100
2102
2104
2106
2108
2110
2112
2600

57

meniscus detector
cartridge
attachable reservoir
pumping unit

first connection
second connection
seal

knife edge

contact surface

PCT/EP2012/072733



WO 2013/167209 PCT/EP2012/072733
58

Claims

1. Acartridge (100, 414, 502, 502’, 502", 1100, 1300, 1350, 1902', 1902") for
dispensing fluid (214, 610, 1302, 1302', 1516)) comprising:

- a valve (110, 1100), wherein the valve comprises a pumping chamber (118,
1118) for pumping the fluid, wherein the vaive is operable for positioning a
pumping chamber conduit (120, 1120), wherein the pumping chamber conduit
is connected with the pumping chamber;

- a plunger (1108) operable for changing the volume of the puh1ping chamber;

- an reservoir conduit (124, 1214) for connecting a reservoir with the valve,
wherein the valve is operable for positioning the pumping chamber conduit to

connect with the reservoir conduit; and
- an outlet conduit (128, 1128) for dispensing the fluid, wherein the valve is fur-
ther operable for postioning the pumping chamber conduit to connect with the

outlet conduit.

2. The cartridge (1100, 1300, 1350, 1902, 1902’, 1902”) of claim 1, wherein the
valve is a slide valve (1110), wherein the slide valve is operable for translating
a pumping chamber conduit (1120); wherein the slide valve is operable for
translating the pumping chamber conduit to connect with the reservoir conduit;
and wherein the slide valve is further operable for translating the pumping
‘chamber conduit to connect with the outlet conduit.

3. The cartridge of claim 2, wherein the cartridge further comprises a return con-
duit (1324) connected to the reservoir, wherein the pumping chamber conduit
is operable for receiving fluid via the reservoir conduit, wherein the return con-
duit is operable for returning fluid to a second portion (1322) of the reservoir,
wherein the slide valve is further operable for translating the pumping chamber

conduit to connect to the return conduit.

4.  The cartridge of claim 2 or 3, wherein the cartridge further comprises:

- a secondary reservoir (1322’); and
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- a secondary reservoir conduit (1324), wherein the slide valve is further opera-

ble for translating the pumping chamber conduit to connect to the secondary

reservoir conduit.

The cartridge of claim 4, wherein the cartridge further comprises a connecting
conduit, wherein the connecting conduit is operable for transporting fluid be-
tween the secondary reservoir and the reservoir and wherein the cartridge
comprises a membrane blocking the connecting conduit, and wherein the

membrane is permeable to the ﬂu‘id.

The cartridge of any one of claims 2 to 5, wherein the cartridge further com-
prises a coupling assembly for attaching the slide valve and the plunger to an

actuator assembly

The cartridge of any one claims 2 to 6, wherein the slide valve comprises a
piston (1114), wherein the pumping chamber is a cavity within the piston,
wherein the pumping chamber is formed by the cavity and the plunger (1108),
wherein the cartridge comprises a volume (1116) for receiving the piston, and
wherein the piston is operable for translational motion within the volume.

The cartridge of any one claims 2 through 7, wherein the piston (1114) and the

slide valve (1110) are operable for co-linear motion.

The cartridge of claim 7 or 8, wherein the slide valve comprises a reservoir
conduit mechanical stop (1609) for aligning the pumping chamber conduit with
the reservoir conduit and/or an outlet conduit mechanical stop (1610) for align-

ing the pumping chamber conduit with the outlet conduit
The cartridge of claim 7, 8, or 9, wherein the piston comprises two plunger me-

chanical stops (1130, 1132) for limiting the motion of the plunger relative to the

piston, wherein the plunger is operable for actuating the piston.
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11. The cartridge (100, 414, 502, 502’, 502") of claim 1, wherein the valve is a ro-
tary valve (110), wherein the rotary valve is operable for rotating a pumping
chamber conduit (120), wherein the rotary valve and the plunger are operable
for being actuated independently, wherein the rotary valve is operable for rotat-
ing the pumping chamber conduit to connect with the reservoir conduit, and
wherein the rotary valve is further operable for rotating the pumping chamber

conduit to connect with the outlet conduit.

12. The cartridge of claim 11, wherein the cartridge further comprises a return
conduit connected to the reservoir, wherein the pumping chamber conduit is
operable for receiving fluid from a first portion of the reservoir, wherein the re-
turn conduit is operable for returning fluid to a second portion of the reservoir,
wherein the rotary valve is further operable for rotating the pumping chamber

conduit to connect to the return conduit.

13. The cartridge of claim 11 or 12, wherein the cartridge further comprises:
- a secondary reservoir (416); and
- a secondary reservoir conduit (430), wherein the rotary valve is further opera-
ble for rotating the pumping chamber conduit to connect to the secondary res-

ervoir conduit.

14. The cartridge of claim 13, wherein the cartridge further comprises a connecting
conduit (418), wherein the connecting conduit is operable for transporting fluid

between the secondary reservoir and the reservoir.

15.  The cartridge of claim 14, wherein cartridge comprises a membrane blocking
the connecting conduit, and wherein the membrane is permeable to the fluid.

16. The cartridge of claim 14 or 15, wherein the secondary reservoir comprises a

bubble guiding structure (600).
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The cartridge of claim 14, 15, or 16, wherein the secondary reservoir compris-
es a vent, wherein the vent is sealed with a filter, wherein the filter is permea-

ble to air, and wherein the filter is operable for sealing the fluid in the cartridge.

The cartridge of any one of claims 11 to 17, wherein the fluid comprises any
one of the following: magnetic beads, latex beads, a dispersion, nanoparticles,
a blood grouping reagent, an immune reagent, an antibody, an enzyme, a re-
combinant protein, a virus isolate, a virus, a biological reagent, solvent, diluent,

a protein, a salt, a detergent, a nucleic acid, an acid, a base, and combinations

thereof.

The cartridge of any one of claims 11 to 18, wherein the cartridge further com-
prises a sensor operable for metering fluid dispensed by the outlet nozzle.

The cartridge of any one of claims 11 to 19, wherein the cartridge further com-
prises a coupling assembly (130) for attaching the rotary valve and the plunger

to an actuator assembly.

The cartridge of any one claims 11 to 20, wherein the rotéry valve comprises a
cylindrical portion (114), wherein the pumping chamber is a cavity within the
rotary valve, wherein the pumping chamber is formed by the cavity and the
plunger, wherein the cartridge comprises a cartridge body (112) with a cylindri-
cal space (116) for receiving the cylindrical portion, and wherein the rotary

valve is operable for rotating within the cylindrical space.

An automatic analyzer (500, 1900, 2000) for analyzing a biological sample
(508, 1908), wherein the automatic system is operable for holding a cartridge
according to any one of the preceding claims, wherein the automatic analyzer
comprises:

- an actuator assembly (504, 504’, 504”, 1200, 1400, 1904, 1904’, 1904") oper-
able for actuation of the plunger and of the valve;

- a controller (520, 1920) for controlling the operation of the actuator assembly.
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The automatic analyzer (1900, 2000) of claim 22, wherein the automatic sys-
tem is operable for holding a cartridge according to any one of claims 2
through 10, and wherein the actuator assembly (1200, 1400, 1904, 1904’,

1904") is operable for linear actuation of the plunger and of the slide valve.

The automatic analyzer of claim 23, wherein the automatic analyzer is opera-
ble for holding a cartridge according to claim 10, wherein the actuator assem-

bly is operable for linear actuation of the plunger.

The automatic analyzer of claim 23, wherein the actuator assembly is operable
for separate linear actuation of the plunger and for linear actuation of the slide

valve.

The automatic analyzer of claim 23, 24, or 25, wherein the cartridge comprises

an outlet nozzle (1126), wherein the automatic analyzer further comprises a menis-
cus detector (2002, 2002, 2002") for detecting a meniscus of the fluid, wherein the

controller is operable for:

27.

- controlling the actuator assembly to force fluid through the outlet nozzle;

- detecting the meniscus using the meniscus detector; and
- controlling the actuator to hait the forcing of fluid through the outlet when the

meniscus is in a predetermined location.

The automatic analyzer of claim 25 or 26, wherein the controller is operable
for: :

- controlling (1516, 1618, 1836, i838) the actuator assembly to translate the
pumping chamber conduit to connect with the reservoir conduit by translating

the slide valve;

- controlling (1510, 1612, 1816) the actuator assembily to fill the pumping cham-

ber by increasing the volume of the pumping chamber with the plunger;
- controlling (1512, 1614, 1818, 1820) the actuator assembly to translate the
pumping chamber conduit to connect with the outlet conduit by translating the

slide valve; and
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- controlling (1514, 1616, 1704, 1822) the actuator assembly to pump the fluid
through the outlet conduit by decreasing the volume of the pumping chamber

with the plunger.

28. The automatic analyzer (500) of claim 22, wherein the automatic analyzer is
operable for holding a cartridge (100, 414, 502, 502’, 502) according to any
one of claims 11 through 21, and wherein the actuator assefnbly (504, 504,
504") operable for separate linear actuation (105, 208, 212, 306, 312, 420,
424, 426, 432) of the plunger and for rotational actuation (107, 210, 310, 422,

428) of the rotary valve.

29. The automatic analyzer of claim 28, wherein the controller is operable for:

- controlling (200) the actuator assembly to rotate the pumping chamber conduit
to connect with the reservoir conduit by rotating the rotary valve;

- controlling (202) the actuator assembly to fill the pumping chamber by increas-
ing (208) the volume of the pumping chamber with the plunger;

- controlling (204) the actuator assembly to rotate (210) the pumping chamber
conduit to connect with the outlet conduit by rotating the rotary valve; and

- controlling (206) the actuator assembly to pump (212) the'fluid through the out-
let conduit by decreasing the volume of the pumping chamber with the plunger.

30. The automatic analyzer of claim 28 or 29, wherein the controller is operable for
controlling (300) the actuator assembly to retrieve the fluid from the outlet
conduit by increasing (306) the volume of the pumping chamber with the

plunger.

31. The automatic analyzer of any one of claim 28, 29, or 30, wherein the control-
ler is operable for:
- controlling (302) the actuator assembly to rotate (310) the pumping chamber
conduit to connect with the reservoir conduit by rotating the rotary valve; and
- controlling (304) the actuator assembly to return the fluid to the reservoir by
decreasing (312) the volume of the pumping chamber with the plunger.
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32. The automatic analyzer of any one of claims 28 through 31, wherein the con-
troller is operable for: |
-controlling the actuator assembly to rotate the pumping chamber conduit to
connect with the reservoir conduit by rotating the rotary valve; and
- controlling the actuator assembly to mix the fluid in the reservoir by repeatedly
increasing and decreasing the volume of the pumping chamber with the plung-

er.

33. The automatic analyzer of any one of claims 28 through 31, where_in the car-
tridge comprises an outlet nozzle, wherein the automatic analyzer further com-
prises a meniscus detector (702, 702’, 702") for detecting a meniscus of the
fluid, wherein the controller is operable for:

- controlling the actuator to force fluid through the outlet nozzle;
- detecting the meniscus using the meniscus detector; and
- controlling the actuator to halt the forcing of fluid through the outlet when the

meniscus is in a predetermined location.

34. The automatic analyzer of any one of claims 28 through 33, wherein the auto-
matic analyzer is operable to hold multiple cartridges (504, 504', 504"), where-
in each of the multiple cartridges is according to any one of claims 1 through

11.

35. A method of operating a cartridge according to any one of claims 2 through

10, wherein the method comprises the steps of:

- translating (1516, 1618, 1836, 1838) the slide valve to translate the pumping

chamber conduit to connect with the reservoir conduit;

- increasing (1510, 1612, 1816) the volume of the pumping chamber with the plung-

er to fill the pumping chamber;

- translating (1512, 1614, 1818, 1820) the slide valve to translate the pumping
chamber conduit to connect with the outlet conduit; and

- decreasing (1514, 1616, 1704, 1822) the volume of the pumping chamber with the

plunger to pump the fluid through the outlet conduit.
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36. The method of claim 35, wherein the method further comprises retrieving the
fluid from the outlet conduit by increasing (1824) the volume of the pumping

chamber with the plunger.

37. The method of claim 35 or 36, wherein the method further comprises the steps
of:
- translating (1830, 8132) the pumping chamber conduit to connect with the
reservoir conduit by translating the slide valve; and
- returning (1834) the fluid to the reservoir by decreasing the volume of the

pumping chamber with the plunger.

38. A method of operating a cartridge according to any one of claims 11 through
21, wherein the method comprises the steps of:
- rotating the rotary valve to rotate the pumping chamber conduit to connect with

the reservoir conduit;
- increasing the volume of the pumping chamber with the plunger to fill the

pumping chamber;
- rotating the rotary valve to rotate the pumping chamber conduit to connect with

the outlet conduit; and
- decreasing the volume of the pumping chamber with the plunger to pump the
fluid through the outlet conduit.

39. An automatic system (900, 1000) for dispensing fluids (908), wherein the au-
tomatic system is operable for holding a cartridge according to any one of
claims 2 through 10, wherein the automatic system comprises:

- an actuator assembly (200, 400, 904, 904’, 904"") operable for linear actuation
of the plunger and of the slide valve;
- a controller (920) for controlling the operation of the actuator assembily.

40. The automatic system of claim 39, wherein the automatic system is operable

for holding a cartridge according to claim 9, wherein the actuator assembly is

operable for linear actuation of the plunger.
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41. The automatic system of claim 40, wherein the actuator assembly is operable

for separate linear actuation of the plunger and for linear actuation of the slide

valve.

42. The automatic system of any one of claim 39, 40, or 41, wherein the cartridge
comprises an outlet nozzle (126), wherein the automatic analyzer further com-
prises a meniscus detector (1002, 1002’, 1002") for detecting a meniscus of
the fluid, wherein the controller is operable for:

- controlling the actuator assembly to force fluid through the outlet nozzle;
- detecting the meniscus using the meniscus detector; and
- controlling the actuator to halt the forcing of fluid through the outlet when the

meniscus is in a predetermined location.
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