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(54) Cartridge with a rotatable lid

(57) The invention provides for a cartridge (100) for
an automatic analyzer (800). The cartridge is operable
for being spun around a rotational axis (106). The car-
tridge comprises a support structure (102) with a front
face (114) perpendicular to the rotational axis (106); a
fluidic structure for processing a biological sample into
the processed biological sample; a measurement struc-
ture (402) with at least one detection zone (1100) on the
front face; and a rotatable lid (104) covering the front
face. The rotatable lid is rotatable about the rotational
axis relative to the support structure. The rotatable lid

can be rotated from a first position relative to the support
structure to a second position relative to the support
structure. The rotatable lid has a sample inlet opening
(202, 300). The rotatable lid has a detection zone opening
(412). In the first position a sample inlet is aligned with
the sample inlet opening and the measurement structure
is covered by the rotatable lid. In the second position the
sample inlet is covered by the rotatable lid and the meas-
urement structure is aligned with the detection zone
opening.
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Description

Field of the invention

[0001] The invention relates to analytical test devices
for biological samples, in particular to the design and use
of rotatable cartridges for performing a measurement of
a biological sample.

Background and related art

[0002] Two classes of analysis systems are known in
the field of medical analysis: wet analysis systems, and
dry-chemical analysis systems. Wet analysis systems,
which essentially operate using "wet reagents" (liquid re-
agents), perform an analysis via a number of required
steps such as, for example, providing a sample and a
reagent into a reagent vessel, mixing the sample and
reagent together in the reagent vessel, and measuring
and analyzing the mixture for a measurement variable
characteristic to provide a desired analytical result (anal-
ysis result). Such steps are often performed using tech-
nically complex, large, line-operated analysis instru-
ments, which allow manifold movements of participating
elements. This class of analysis system is typically used
in large medical-analytic laboratories.
[0003] On the other hand, dry-chemical analysis sys-
tems operate using "dry reagents" which are typically in-
tegrated in a test element and implemented as a "test
strip", for example. When these dry-chemical analysis
systems are used, the liquid sample dissolves the rea-
gents in the test element, and the reaction of sample and
dissolved reagent results in a change of a measurement
variable, which can be measured on the test element
itself. Above all, optically analyzable (in particular color-
imetric) analysis systems are typical in this class, in which
the measurement variable is a color change or other op-
tically measurable variable. Electrochemical systems are
also typical in this class, in which an electrical measure-
ment variable characteristic for the analysis, in particular
an electrical current upon application of a defined volt-
age, can be measured in a measuring zone of the test
element using electrodes provided in the measuring
zone.
[0004] The analysis instruments of the dry-chemical
analysis systems are usually compact, and some of them
are portable and battery-operated. The systems are used
for decentralized analysis, for example, at resident phy-
sicians, on the wards of the hospitals, and in so-called
"home monitoring" during the monitoring of medical-an-
alytic parameters by the patient himself (in particular
blood glucose analysis by diabetics or coagulation status
by warfarin patients).
[0005] In wet analysis systems, the high-performance
analysis instruments allow the performance of more com-
plex multistep reaction sequences ("test protocols"). For
example, immunochemical analyses often require a mul-
tistep reaction sequence, in which a "bound/free sepa-

ration" (hereafter "b/f separation"), i.e., a separation of a
bound phase and a free phase, is necessary. According
to one test protocol, for example, the probe can first be
transported through a porous solid matrix, which contains
a specific binding reagent for the analyte. A marking re-
agent can subsequently be caused to flow through the
porous matrix, to mark the bound analyte and allow its
detection. To achieve precise analysis, a washing step
must be performed, in which unbound marking reagent
is completely removed. Numerous test protocols are
known for determining manifold analytes, which differ in
manifold ways, but which share the feature that they re-
quire complex handling having multiple reaction steps,
in particular also a b/f separation possibly being neces-
sary.
[0006] Test strips and similar analysis elements nor-
mally do not allow controlled multistep reaction sequenc-
es. Test elements similar to test strips are known, which
allow further functions, such as the separation of red
blood cells from whole blood, in addition to supplying
reagents in dried form. However, they normally do not
allow precise control of the time sequence of individual
reaction steps. Wet-chemical laboratory systems offer
these capabilities, but are too large, too costly, and too
complex to handle for many applications.
[0007] To close these gaps, analysis systems have
been suggested which operate using test elements which
are implemented in such a manner that at least one ex-
ternally controlled (i.e., using an element outside the test
element itself) liquid transport step occurs therein ("con-
trollable test elements"). The external control can be
based on the application of pressure differences (over-
pressure or low-pressure) or on the change of force ac-
tions (e.g., change of the action direction of gravity by
attitude change of the test element or by acceleration
forces). The external control is especially frequently per-
formed by centrifugal forces, which act on a rotating test
element as a function of the velocity of the rotation.
[0008] Analysis systems having controllable test ele-
ments are known and typically have a housing, which
comprises a dimensionally-stable plastic material, and a
sample analysis channel enclosed by the housing, which
often comprises a sequence of multiple channel sections
and chambers expanded in comparison to the channel
sections lying between them. The structure of the sample
analysis channel having its channel sections and cham-
bers is defined by profiling of the plastic parts. This pro-
filing is able to be generated by injection molding tech-
niques or hot stamping. Microstructures, which are gen-
erated by lithography methods, increasingly being used
more recently, however.
[0009] Analysis systems having controllable test ele-
ments allow the miniaturization of tests which have only
been able to be performed using large laboratory sys-
tems. In addition, they allow the parallelization of proce-
dures by repeated application of identical structures for
the parallel processing of similar analyses from one sam-
ple and/or identical analyses from different samples. It is
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a further advantage that the test elements can typically
be produced using established production methods and
that they can also be measured and analyzed using
known analysis methods. Known methods and products
can also be employed in the chemical and biochemical
components of such test elements.
[0010] In spite of these advantages, there is a further
need for improvement. In particular, analysis systems
which operate using controllable test elements are still
too large. The most compact dimensions possible are of
great practical significance for many intended applica-
tions.
[0011] United States patent US 8,114,351 B2 disclos-
es an analysis system for the analysis of a body fluid
sample for an analyte. The analysis system provides a
test element and an analysis instrument having a dosing
station and a measurement station. The test element has
a housing an (at least) one sample analysis channel en-
closed by the housing. The test element is rotatable
around an axis of rotation which extends through the test
element.
[0012] United States patent 8,470,588 B2 discloses a
test element and a method for detecting an analyte. The
test element is essentially disk shaped and flat, and can
be rotated about a preferably central axis which is per-
pendicular to the plane of the disk shaped test element.
[0013] Kim, Tae-Hyeong, et al. "Flow-enhanced elec-
trochemical immunosensors on centrifugal microfluidic
platforms." Lab on a Chip 13.18 (2013): 3747-3754,
doi:10.1039/c3Ic50374g, (hereafter "Kim et. al.") disclos-
es a fully integrated centrifugal microfluidic device with
features for target antigen capture from biological sam-
ples, via a bead-based enzyme-linked immune-sorbent
assay, and flow-enhanced electrochemical detection.
This is integrated into a Centrifugal microfluidic discs,
also known as "lab-on-a-disc" or microfluidic CDs.
[0014] Martinez-Duarte, Rodrigo, et al. "The integra-
tion of 3D carbon-electrode dielectrophoresis on a CD-
like centrifugal microfluidic platform." Lab on a Chip 10.8
(2010): 1030-1043, doi:10.1039/B925456K, (hereafter
"Martinez-Duarte et. al.") discloses a dielectrophoresis
(DEP)-assisted filter with a compact disk (CD)-based
centrifugal platform. 3D carbon electrodes are fabricated
using the C-MEMS technique and are used to implement
a DEP-enabled active filter to trap particles of interest.

Summary

[0015] The invention provides a method of performing
an optical measurement of an analyte using a cartridge,
a cartridge for an automatic analyzer, and an automatic
analyzer in the independent claims. Embodiments are
given in the dependent claims.
[0016] A cartridge as used here encompasses also any
test element for processing the biological sample into a
processed biological sample. The cartridge may include
structures or components which enable a measurement
to be performed on the biological sample. A cartridge is

a test element as is defined and explained in US patents
8,114,351 B2 and 8,470,588 B2. A cartridge as used
herein may also be referred to as a Centrifugal microflu-
idic disc, also known as "lab-on-a-disc" or a microfluidic
CD.
[0017] A biological sample as used herein encompass-
es also any chemical product derived, copied, replicated,
or reproduced from a sample taken from an organism.
[0018] In one aspect the invention provides for a meth-
od of performing an optical measurement of an analyte
in a processed biological sample using a cartridge. The
cartridge is operable for being spun around a rotational
axis. Alternatively the cartridge may be described as be-
ing designed or constructed for being spun around a ro-
tational axis.
[0019] The cartridge comprises a support structure.
The support structure has a front face perpendicular to
the rotational axis. The support structure may also be
referred to as the cartridge body or main portion of the
cartridge. The cartridge further comprises a fluidic struc-
ture for processing a biological sample into the processed
biological sample. In some embodiments the fluidic struc-
ture may be a microfluidic structure. The fluidic structure
comprises a sample inlet for receiving the biological sam-
ple. The cartridge further comprises a measurement
structure on the front face. The measurement structure
may also alternatively be described as a measurement
structure exposed to or visible from the front face.
[0020] The measurement structure is fluidically con-
nected to the fluidic structure. The measurement struc-
ture comprises at least one detection zone. The detection
zone may be the region where the optical measurement
of the analyte of the processed biological sample is made.
The cartridge further comprises a rotatable lid covering
the front face. The rotatable lid is operable or designed
to or configured for being rotated about the rotational axis
relative to the support structure. The rotatable lid is op-
erable for being rotated from a first position relative to
the support structure to a second position relative to the
support structure. The rotatable lid has a sample inlet
opening. The rotatable lid has a detection zone opening.
In the first position the sample inlet is aligned with the
sample inlet opening. By being aligned it means that the
rotatable lid does not block the sample inlet opening. In
the first position it is possible to place the biological sam-
ple into the sample inlet. In the first position the meas-
urement structure is covered by the rotatable lid.
[0021] In the second position the sample inlet is cov-
ered by the rotatable lid. When the sample inlet is covered
by the rotatable lid it is no longer possible to place the
biological sample into the sample inlet. In the second
position the measurement structure is aligned with the
detection zone opening. When in the second position the
alignment of the measurement structure and the detec-
tion zone opening enables the performing of the optical
measurement. When in the first position the detection
zone opening is not aligned with the measurement struc-
ture and this prevents the measurement of the optical
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measurement.
[0022] The method comprises the step of placing the
biological sample into the sample opening. When the
method starts the rotatable lid is in the first position. The
method further comprises the step of rotating the rotat-
able lid from the first position to the second position. The
method further comprises controlling the rotational rate
of the cartridge to process the biological sample into the
processed biological sample using the fluidic structure.
The method further comprises controlling the rotational
rate of the cartridge to allow the processed biological
sample to flow into the measurement structure. The
method further comprises performing the optical meas-
urement on the measurement structure with an optical
instrument.
[0023] This embodiment may be beneficial because it
provides for a single means of controlling access to the
sample inlet and also to protecting the measurement
structure. This may result in both better protection of the
measurement structure before the cartridge is used and
also prevent additional biological sample to be acciden-
tally added to the cartridge once it has been used or a
measurement has been performed.
[0024] The measurement may include, but is not lim-
ited to: a photometric transmission measurement, a
measurement of the scattering of light, a chemilumines-
cence, a fluorescence, and electrochemiluminescense
(ECL) measurement.
[0025] In another embodiment the measurement struc-
ture comprises two or more electrodes and/or an optical
measurement structure. The measurement system com-
prises a system for making an electrical measurement.
The measurement system comprises a system for mak-
ing optical measurements.
[0026] In some embodiments the optical measurement
structure may be a transparent structure or an optically
transparent structure. The measurement system com-
prises an optical measurement system.
[0027] In some examples optically transparent may in-
clude near infrared and near ultraviolet. In other exam-
ples optically transparent may exclude the near infrared
or near ultraviolet.
[0028] Some examples may have both the measure-
ment structure with the transparent structure and also
the electrodes for more complicated tests. For example
the measurement structure may be a structure for making
electrochemiluminescence measurements where elec-
trodes cause an optical excitation in a sample.
[0029] In other examples the measurement structure
comprises two or more electrodes for making an electri-
cal measurement or ECL measurement of the processed
biological sample. For example the measurement struc-
tures of Martinez-Duarte et. al. or Kim et. al. may be in-
corporated into a cartridge.
[0030] In another embodiment the rotational axis is
placed in a vertical position when the cartridge is rotated.
[0031] In another embodiment the sample inlet is on
the front face.

[0032] In another embodiment the detection zone is
operable for capturing the analyte. For example the
measurement structure may be a so called solid phase.
A solid phase as used herein encompasses a surface or
material that has antibodies attached to it. This however
may not be necessary for the measurement structure.
An alternative is that measurement structure does not
contain a solid phase. For example the measurement
structure could be a cuvette which enables a photometric
transmission measurement. The measurement structure
may also contain one or more electrodes which enable
an electroluminescent detection.
[0033] In some examples the measurement structure
may be a chromatographic membrane which is exposed
and which may be directly touchable by a user. The
measurement structure may also include a closed struc-
ture like a cuvette. The cuvette may be protected by the
lid so that the user cannot touch the cuvette window that
is located in the front face. In this case the rotatable lid
may prevent the window being soiled or made dirty by
touching with user’s fingers which may result in improving
the exactness of the optical detection.
[0034] The measurement structure can be a chroma-
tographic membrane. The chromatographic membrane
may be fluidically connected to the fluidic structure via a
membrane entrance. The chromatographic membrane
may comprise at least one detection zone operable for
capturing the analyte. The chromatographic membrane
may be exposed to the front face. In this embodiment the
rotatable lid effectively protects the chromatographic
membrane.
[0035] In another embodiment the cartridge may com-
prise a downstream fluidic structure which is fluidically
connected to the measurement structure. The down-
stream fluidic structure may be operable or designed for
or configured for drawing the processed biological sam-
ple from the measurement structure into or through the
downstream fluidic structure using capillary action.
[0036] In another embodiment the downstream fluidic
structure may be a waste reservoir or a waste fleece.
[0037] In another embodiment the optical instrument
may be a fluorescence detector, e.g. a fluorescence
spectrometer. In this case the optical measurement may
be a fluorescence measurement.
[0038] In another embodiment the optical instrument
may be a photometric detector, e.g. a photometric trans-
mission spectrometer. The optical measurement may be
an optical transmission measurement made at one or
more particular wavelengths.
[0039] In another aspect the fluidic structure further
comprises a reagent in an incubation chamber. The re-
agent comprises at least one first type of antibody. The
at least one detection zone comprises a binding site for
binding the analyte with at least one second type of an-
tibody. The step of controlling the rotational rate of the
cartridge to process the biological sample into the proc-
essed biological sample using the fluidic structure com-
prises transporting the biological sample to the incubator
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chamber. The processing of the biological sample into
the processed biological sample using the fluidic struc-
ture further comprises incubating the reagent with the
biological sample to attach the at least one type of anti-
body to the analyte.
[0040] In variance of this embodiment the reagent can
be either a dry or a liquid reagent. If the reagent is a dry
reagent there may be the additional step of hydrating the
dry reagent into a hydrated reagent using the biological
sample. The hydrated reagent may then be the reagent
that is incubated with the biological sample.
[0041] In another variant the reagent may be a liquid
reagent.
[0042] In another embodiment the fluidic structure fur-
ther comprises a dry reagent in an incubation chamber.
The dry reagent may comprise a detection antibody. The
detection antibody is the first type of antibody. The dry
reagent further comprises a capture antibody. The cap-
ture antibody may be a second type of antibody. The
detection antibody comprises a first binding site for at-
taching it to the analyte. The capture antibody comprises
a second binding site for attaching to the analyte. The
detection antibody is attached to a label, e.g. a fluores-
cence label. The capture antibody is attached to a first
chemical of a specific binding pair such as biotin. The at
least one detection zone comprises a second chemical
of a specific binding pair such as streptavidin for binding
to the first chemical of the specific binding pair such as
biotin. The step of controlling the rotational rate of the
cartridge to process the biological sample into the proc-
essed biological sample using the fluidic structure com-
prises transporting the biological sample to the incuba-
tion chamber. The processing of the biological sample
using fluidic structure further comprises hydrating the dry
reagent into the hydrated reagent using the biological
sample. The processing of the biological sample using
the fluidic structure further comprises incubating the hy-
drated reagent with the biological sample to attach the
capture antibody and the detection antibody to the ana-
lyte. Incubating the biological sample transforms the bi-
ological sample into the processed biological sample.
[0043] In another embodiment the step of incubating
the biological sample transforms the biological sample
into the processed biological sample.
[0044] In another embodiment the biological sample is
blood. The processed biological sample comprises blood
plasma. The cartridge further comprises a blood cell col-
lection zone. The step of the controlling the rotational
rate of the cartridge to process the biological sample into
the processed biological sample using the fluidic struc-
ture comprises separating the blood plasma from the
blood using the blood cell collection zone.
[0045] In another embodiment the cartridge further
comprises a washing fluid reservoir for providing washing
fluid to the measurement structure. The method further
comprises washing the measurement structure with the
fluid before performing the optical measurement. Alter-
natively the cartridge may comprise a washing fluid inlet

for providing the washing fluid to the measurement struc-
ture. In some examples the reservoir may be able to pro-
vide multiple aliquotations means for providing fluid. The
fluid in this case could then be used to wash the meas-
urement structure multiple times before performing the
optical measurement. This may increase the quality
and/or reduce the amount of noise in the optical meas-
urement.
[0046] In another aspect the invention provides for a
cartridge for an automatic analyzer. The cartridge is op-
erable for being spun around a rotational axis. The car-
tridge comprises a support structure. The support struc-
ture has a front face perpendicular to the rotational axis.
The cartridge further comprises a fluidic structure for
processing a biological sample into the processed bio-
logical sample. The fluidic structure further comprises a
sample inlet for receiving the biological sample. The car-
tridge further comprises a measurement structure on the
front face. The measurement structure is fluidically con-
nected to the fluidic structure. The measurement struc-
ture comprises at least one detection zone. The cartridge
further comprises a rotatable lid covering the front face.
The rotatable lid is operable for being rotated about the
rotational axis relative to the support structure. The ro-
tatable lid is operable for being rotated from a first position
relative to the support structure to a second position rel-
ative to the support structure. The rotatable lid has a sam-
ple inlet opening. The rotatable lid has a detection zone
opening. In the first position the sample inlet is aligned
with the sample inlet opening. In the first position the
measurement structure is covered by the rotatable lid. In
the second position the sample inlet is covered by the
rotatable lid. In the second position the measurement
structure is aligned with the detection zone opening.
[0047] In another embodiment the rotatable lid is op-
erable for being rotated from the second position relative
to the support structure to a third position relative to the
support structure. In the third position the sample inlet is
covered by the rotatable lid. In the third position the meas-
urement structure is also covered by the rotatable lid.
This may be beneficial because after the cartridge has
been used and the measurement has been performed
the rotatable lid may be moved into the third position.
This may prevent the cartridge from being used again in
that the sample opening is covered so no more biological
sample may be added to it and also the measurement
structure has been covered. In some examples where
the measurement structure is exposed to the space it
may be beneficial to protect this to avoid contamination
of the environment by the cartridge and its ingredients
after it has been used.
[0048] In another embodiment the rotatable lid is op-
erable for being rotated from the first position relative to
the support structure to an intermediate position relative
to the support structure. In the intermediate position the
sample inlet is covered by the rotatable lid. In the inter-
mediate position the measurement structure is covered
by the rotatable lid. The rotatable lid is operable for being
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rotated from the intermediate position relative to the sup-
port structure to the second position relative to the sup-
port structure. For example, when the cartridge is in use
the sample may first be added to the sample opening
and then the rotatable lid is moved to the intermediate
position. The cartridge may then be rotated at a controlled
rate to process the biological sample into the processed
biological sample. Then when it is time to make the meas-
urement the rotatable lid can be moved into the third po-
sition just prior to making the measurement. This may be
beneficial because the measurement structure may be
able to be protected during the processing of the biolog-
ical sample into the processed biological sample. In some
examples where the measurement structure is exposed
to the ambience it may be beneficial to cover the meas-
urement structure to minimize or avoid evaporation of
fluid from the measurement structure.
[0049] In another embodiment the rotatable lid is op-
erable for being rotated from the first or second position
relative to the support structure to one of multiple posi-
tions relative to the support structure. As opposed to just
having a first and second position there may be any
number of multiple positions which the rotatable lid can
be rotated to. This may be beneficial as additional inlets
for example for providing washing fluid or providing ad-
ditional biological samples may have their own inlets
which may be covered or exposed at different times by
simply rotating the rotatable lid. In some examples the
third or also the intermediate position may also be one
of the multiple positions. In the one or more multiple po-
sitions other structures such as additional measurement
structures or fail safes or other structures may be ex-
posed.
[0050] In another embodiment the cartridge further
comprises a pivot centered at the rotational axis for at-
taching the rotatable lid to the support structure. The pivot
for instance may be a portion of the support structure, it
may be a portion of the rotatable lid, or it may be a sep-
arate component which attaches rotatably to the rotata-
ble lid and/or the support structure. This may be beneficial
because it may be a simple means of enabling the rotat-
able lid to be rotatably fixed to the support structure.
[0051] In another embodiment the cartridge further
comprises a circular guide rail centered about the rota-
tional axis. The cartridge further comprises a guide rail
depression for mating with the circular guide rail. The
rotatable lid comprises one of the circular guide rail and
the guide rail depression. The support structure compris-
es the other of the circular guide rail and the guide rail
depression. For instance if the rotatable lid comprises
the circular guide rail then the support structure compris-
es the guide rail depression. In the other case the rotat-
able lid comprises the guide rail depression and the sup-
port structure comprises the circular guide rail. The guide
rail depression and the circular guide rail fit together such
that the circular guide rail is able to spin within the guide
rail depression.
[0052] In another embodiment the support structure is

disc-shaped. Alternatively the support structure may be
described as a cylinder.
[0053] In another embodiment the support structure
has a circular side edge. The support structure has a
notch about a circumference of the circular side edge.
The notch is a groove that is cut into the circular side
edge that goes around the entire circumference of the
circular side edge. The rotatable lid comprises of an at-
tachment element for engaging the circular notch. For
instance the attachment element may be a material or
structure which fits into or grips the notch and prevents
the rotatable lid from being removed from the cartridge.
[0054] In another embodiment the circular side edge
comprises a first ratchet structure. The lid comprises a
second ratchet structure. The first ratchet structure and
the second ratchet structure form a ratchet to enable the
rotation of the rotatable lid relative to the support structure
in only one direction. For instance the first ratchet struc-
ture may have a saw tooth pattern or structure and the
second ratchet structure may comprise some sort of elas-
tic element that is able to move over the first ratchet struc-
ture when moved in only one direction.
[0055] In another embodiment the attachment struc-
ture and the notch are part of the ratchet structure. For
instance the first ratchet structure may be located within
the notch. The attachment element may also function as
the second ratchet structure.
[0056] The ratchet structure may have a saw tooth pat-
tern in some examples. The attachment element can be
a tooth-shaped element that is built into the side of the
rotatable lid. Alternatively a round bar or rod extending
from the lid may work also. For instance small rods which
are parallel to the rotational axis and extending from the
rotatable lid may function as the second ratchet structure.
[0057] In another embodiment the cartridge further
comprises a locking mechanism. The locking mechanism
is operable for allowing the rotatable lid to rotate from the
first position to the second position. The locking mecha-
nism is operable for preventing the rotatable lid from be-
ing rotated from the second position to the first position.
In some examples the ratchet may be the locking mech-
anism.
[0058] The locking mechanism may also prevent the
lid from being rotated from the third position to the second
position.
[0059] In another embodiment the locking mechanism
prevents the rotatable lid from being rotated from the in-
termediate position to the first position.
[0060] In another embodiment the locking mechanism
is for instance a ratchet structure, a click into a respective
hole structure, and a latching structure.
[0061] In another embodiment the locking mechanism
prevents rotation of the rotatable lid relative to the support
structure in only one rotational direction.
[0062] In another embodiment the fluidic structure fur-
ther comprises a dry reagent in an incubation chamber.
The dry reagent comprises a detection antibody. The dry
reagent further comprises a capture antibody. The de-
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tection antibody comprises a first binding site for attach-
ing to the analyte. The capture antibody comprises a sec-
ond binding site for attaching to the analyte. The detection
antibody is attached to a fluorescence label. The capture
antibody is attached to the first binding molecule. The at
least one detection zone comprises a second binding
molecule. The first binding molecule and the second
binding molecule are operable for binding together.
[0063] In another embodiment the first binding mole-
cule and the second binding molecule could be a ligand-
binder interaction such as biotin-streptavidin or biotin-
avidin.
[0064] In another embodiment the fluidic structure fur-
ther comprises a dry reagent in an incubation chamber.
The dry reagent comprises a detection antibody. The de-
tection antibody comprises a first binding site for attach-
ing to the analyte. The detection antibody is attached to
a fluorescence label. The at least one detection zone
comprises a capture antibody. The capture antibody
comprises a second binding site for attaching to the an-
alyte.
[0065] In another embodiment the rotatable lid has an
edge. The rotatable lid comprises a circular extension
that extends from the face past the front face. This em-
bodiment may be beneficial because the circular exten-
sion may be used to catch excess fluid which is on the
front face of the cartridge. For instance when fluid is add-
ed to the cartridge via the sample inlet and the cartridge
starts to spin small amounts of fluid that come out of the
cartridge or have been spilled onto the surface will start
to be forced towards the outer radius of the cartridge.
The circular extension may prevent these small amounts
of fluid from splattering.
[0066] In another embodiment the sample inlet open-
ing is on the circular extension.
[0067] In another embodiment the sample inlet is on a
side edge of the cartridge. This may be particularly true
when the sample inlet opening is on the circular exten-
sion.
[0068] In another embodiment the sample inlet is on
the front face.
[0069] In another embodiment the fluidic structure
comprises one or more fail safe indicators. Each of the
one or more fail safe indicators is visible when the rotat-
able lid is in the second or third position. A fail safe as
used herein is a region which is operable or functional
for optically showing if a region has been sufficiently filled
with a fluid. For instance a fail safe may be a small side
chamber attached to a larger chamber in the fluidic struc-
ture that fills when the larger chamber has been properly
filled.
[0070] In another embodiment there is a slot or hole
for each of the one or more fail safe indicators in the
rotatable lid so that the fail safe is visible at least when
the rotatable lid is in the second position. In the case of
using a slot the slot may be positioned such that the fail
safe indicator is visible in more than just the second po-
sition. For instance it may be visible in a first, intermedi-

ate, or other position.
[0071] In another aspect the invention provides for an
automatic analyzer configured for receiving a cartridge
according to any one of the embodiments. The automatic
analyzer comprises a cartridge spinner, an optical instru-
ment, and a controller configured to control the automatic
analyzer. The controller is configured to control the rota-
tional rate of the cartridge using the cartridge spinner to
process the biological sample into the processed biolog-
ical sample using the fluidic structure. The controller is
further configured to control the rotational rate of the car-
tridge using the cartridge spinner to allow the processed
biological sample to flow into the measurement structure.
The controller is further configured to perform the fluo-
rescence measurement on the measurement structure
with fluorescence spectrometer. These actions by the
controller may be configured for instance by a processor
or other controller.
[0072] In another embodiment the automatic analyzer
further comprises a lid rotating mechanism. The control-
ler is further configured to rotate the rotatable lid from the
first position to the second position using the lid rotator.
[0073] It is understood that one or more of the afore-
mentioned embodiments of the invention may be com-
bined as long as the combined embodiments are not mu-
tually exclusive.

Brief description of the drawings

[0074] 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 an example of a cartridge;
Fig. 2 illustrates a further example of a cartridge;
Fig. 3 illustrates a further example of a cartridge;
Fig. 4 illustrates a support structure of a cartridge;
Fig. 5 further illustrates the support structure of Fig.

4;
Fig. 6 further illustrates the support structure of Fig.

4;
Fig. 7 illustrates a further example of a support struc-

ture of cartridge;
Fig. 8 illustrates an example of an automatic analyz-

er;
Fig. 9 shows a flow chart which illustrates an exam-

ple of how the automatic analyzer of Fig. 8
may be used;

Fig. 10 illustrates how an analyte may be captured us-
ing a chromatographic membrane or solid
phase;

Fig. 11 shows one example of how the measurement
structure could be constructed using a mem-
brane;

Fig. 12 shows a cross-sectional view of a cartridge;
Fig. 13 shows a side view of the support structure of

Fig. 12;
Fig. 14 shows the cross-sectional view of Fig. 13; and
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Fig. 15 shows a side view of the rotatable lid of the
cartridge of Fig. 12.

Detailed Description

[0075] Like numbered elements in these figures are
either equivalent elements or perform the same function.
Elements which have been discussed previously will not
necessarily be discussed in later figures if the function is
equivalent.
[0076] Fig. 1 shows an example of a cartridge. Figs.
1-3 show a cross-sectional view of different variants of a
cartridge 100. Not all features are shown in these Figs.
In Fig. 1, the cartridge 100 comprises a support structure
102 and a rotatable lid 104. The cartridge 100 is operable
for being rotated about the rotational axis 106. The ro-
tatable lid 104 is operable or designed for rotating about
the rotational axis 106 relative to the support structure
102. In this example there is a connecting element 108
which connects the support structure 102 to the rotatable
lid 104. The connecting element 108 enables the lid 104
to rotate relative to the support structure 102. For in-
stance the connecting element 108 may be a pivot. The
support structure 102 for instance could be made using
injection molding and could be assembled from a first
part 110 and a second part 112. Within the support struc-
ture 102 is a fluidic structure and a measurement struc-
ture which is not shown. The support structure 102 has
a front face 114 that is perpendicular to the rotational axis
106 and faces the rotatable lid 104. On the edge of the
rotatable lid 104 there can be seen a circular extension
116. The circular extension 116 extends past the front
face 114. If for example there were fluid on the front face
114 when the cartridge begins to spin about the rotational
axis 106 it would be forced towards an outer diameter of
the support structure 102. The circular extension 116
may help prevent or reduce the splattering from any fluid
which is on the front face 114.
[0077] In this example the cartridge 110 and in partic-
ular the support structure 102 are cylindrical or disc-
shaped. The support structure 102 has a side edge 118.
[0078] Fig. 2 shows a variant of the cartridge 100
shown in Fig. 1. In this example the support structure 102
has a sample inlet 200 on the side edge 118. The rotat-
able lid 104 is shown as having a sample inlet opening
202 on the circular extension 116. The rotatable lid 104
can be rotated such that the sample inlet opening 202 is
aligned with the sample inlet 200 (corresponding to the
first position) or else the sample inlet opening 202 is ro-
tated away from the sample inlet 200 and then the sample
inlet 200 is closed or sealed from the environment (cor-
responding to the second position). The circular exten-
sion 116 has been extended and is longer than is shown
in Fig. 1. The circular extension 116 is also shown as
having a lip 204 which extends from the circular extension
back towards the support structure 102. The lip 204 may
help to trap any fluid between the support structure 102
and the rotatable lid 104. The addition of the lip structure

may help to further reduce the splattering of fluid by the
cartridge 100.
[0079] Fig. 3 shows a further variant of the cartridge
100. In the example shown in Fig. 3 the sample inlet 200
is now placed on the front face 114 instead of the side
edge 118. The rotatable lid 104 has the sample inlet
opening 300 located on the portion of the rotatable lid
104 that is near to the front face 114. For example the
portion of the rotatable lid 104 that excludes the circular
extension 116 may be referred to as the main portion or
cover portion of the rotatable lid 104.
[0080] Fig. 4 shows a top view of the support structure
102 without the rotatable lid 104. As from this top view it
can be seen that the support structure is circular or disc-
shaped in this example. In this example the sample inlet
200 is on the top surface of the front face 114. The sample
inlet connects to a fluidic structure 400 which is operable
for processing a biological sample placed into the sample
inlet 200 into a processed biological sample. The sample
inlet 200 is fluidically connected to the fluidic structure
400. The fluidic structure 400 is also fluidically connected
to a measurement structure 402. The measurement
structure could for example be a chromatographic mem-
brane.
[0081] Fig. 5 shows a further view of the cartridge 100.
In Fig. 5 the rotatable lid 104 covers the support structure
102. The dashed lines indicate portions of the support
structure 102. There is a locking mechanism 404 which
comprises a first ratchet structure 406 and a second
ratchet structure 408 which may be used to limit the ro-
tation of the lid 104 relative to the support structure 102
in the direction of the arrow 410.
[0082] The rotatable lid 104 is shown as having a sam-
ple inlet opening 300 and a detection zone opening 412.
The rotatable lid 104 is shown in the first position. The
sample inlet opening 300 is aligned with the sample inlet.
The detection zone opening 412 is not over the meas-
urement structure 402. The measurement structure 402
is currently covered and protected by the rotatable lid
104.
[0083] Fig. 6 shows the same cartridge 100 as shown
in Fig. 5 but the rotatable lid 104 has been rotated in the
direction 410 such that the rotatable lid 104 is now in the
second position relative to the support structure 102. It
can be seen that the ratchet elements 406 and 408 have
now engaged and prevent the rotatable lid 104 from being
rotated back into the first position. The sample inlet open-
ing 300 is no longer over the sample inlet 200. The sample
inlet 200 is no longer accessible. In this second position
the detection zone opening 412 has now been rotated
over the measurement structure 402.
[0084] Fig. 7 shows an example of a support structure
102 of a cartridge. The support structure 102 contains
the fluidic structure 400 as well as a measurement struc-
ture 402. In this example the measurement structure 402
is a chromatographic structure. The fluidic structure may
be a microfluidic structure. The support structure 102 is
covered by a corresponding counterpiece (cover layer)
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(not shown) which contains sample application and vent
openings which correspond with structures in the support
structure 102.
[0085] The sample liquid, in particular whole blood, is
applied via the sample inlet 200. The sample liquid fills
the sample metering zone 705 which is driven by capillary
forces and/or centrifugal forces. The sample metering
zone 705 can in this connection also contain dried rea-
gents. It is delimited by the capillary stops 706, 708 which
can for example be in the form of a hydrophobic barrier
or a geometric/non-closing valve. The delimitation of the
sample metering zone 705 by the capillary stops 706,
708 ensures that a defined sample volume is taken up
and passed into the fluidic zones that are located down-
stream of the sample metering zone 705. When the car-
tridge is rotated, any sample excess is transferred from
the sample inlet 200 and the sample metering zone 705
into the container for sample excess 707 whereas the
measured amount of sample is transferred from the sam-
ple metering zone 705 into the channel 709.
[0086] The cellular sample components are separated
from the sample liquid before the sample comes into con-
tact with reagents. This has the advantage that the use
of whole blood or plasma or serum as the sample material
does not lead to different measuring results because al-
ways plasma or serum firstly comes into contact with the
reagents and the dissolution/incubation/reaction behav-
ior should thus be virtually the same.
[0087] As mentioned above, the liquid sample is firstly
applied to the cartridge via the sample inlet 200. The
sample is subsequently transported further from the sam-
ple inlet 200 into the channel structures by capillary forces
and/or centrifugal forces. The sample is transferred into
a sample metering section 705 after application into the
sample inlet 200 and subsequently serum or plasma is
separated from whole blood by rotation. The undesired
cellular sample components which are essentially eryth-
rocytes, collect in the erythrocyte trap or blood cell col-
lection zone 711 whereas serum or plasma collects in
the zone 710. The serum is removed from the zone 710
via a capillary and transported further into the channel
structure 709 where dry reagents are accommodated
and dissolved when the sample flows in. The sample-
reagent mixture can overcome the capillary stop 714 from
the channel structure 709 by again rotating the cartridge
and thus reach the membrane or measurement structure
402 via the channel 715. When the rotation is slowed
down or stopped, the sample-reagent mixture is trans-
ported via the membrane or measurement structure 402
into the waste fleece 713.
[0088] The time control of the rotation processes that
is possible with the test element according to the inven-
tion allows a selective control of the residence times and
thus of the incubation time of sample with reagents and
of the reaction times.
[0089] During the rotation, the reagent-sample mixture
is conducted into the fluidic structures 710 (serum/plas-
ma collection zone) and 711 (erythrocyte collection

zone). Due to the centrifugal forces which act on the re-
agent-sample mixture, plasma or serum is separated
from the red blood corpuscles. In this process the red
blood corpuscles collect in the erythrocyte collection
zone 711 whereas the plasma remains essentially in the
collection zone 710.
[0090] In contrast to test elements which use mem-
branes or fleeces to separate particulate sample compo-
nents (for example glass fiber fleeces or asymmetric po-
rous plastic membranes to separate red blood corpuscles
from whole blood, generally referred to as blood sepa-
rating membranes or fleeces), the sample volume can
be much more effectively utilized with the test elements
according to the invention because virtually no dead vol-
umes (e.g., volumes of the fiber interstices or pores) are
present from which the sample can no longer be re-
moved. Furthermore, some of these blood separating
membranes and fleeces of the prior art have the unde-
sired tendency to adsorb sample components (e.g., pro-
teins) or to destroy (lyse) cells which is also not observed
with the test elements according to the invention.
[0091] If the rotation of the cartridges stopped or
slowed down, the reagent-plasma mixture (in which in
the case of an immunoassay, sandwich complexes of
analyte and antibody conjugates have for example
formed in the presence of the analyte) is taken up into
the porous, absorbent matrix or measurement structure
402 by its suction action and passed through this matrix.
In the case of immunoassays the analyte-containing
complexes are captured in the detection zone by the im-
mobilized binding partners which are present in the mem-
brane or measurement structure 402 and unbound, la-
beled conjugate is bound in the control zone. The fleece
713 adjoining the porous, absorbent matrix assists the
movement of the sample through the membrane or
measurement structure 402. The fleece 713 additionally
serves to receive the sample after it has flowed through
the membrane or measurement structure 402.
[0092] After the liquid sample has flowed through the
fluidic structure of the cartridge from the sample inlet 200
up to the fleece 713, washing buffer is pipetted into the
sample inlet 200 in a subsequent step. As a result of the
same combination of capillary, centrifugal and chroma-
tographic forces the washing buffer flows through the cor-
responding fluidic structures of the cartridge and washes
in particular the membrane or measurement structure
402 where the bound analyte complexes are now located
and thus removes excess reagent residues. The washing
step can be repeated once or several times in order to
thus improve the signal-to-background-ratio. This allows
an optimization of the detection limit for the analyte and
an increase of the dynamic measuring range.
[0093] The sample channel in which the liquid sample
is transported in the cartridge from the sample inlet 200
to the first end of the membrane or measurement struc-
ture 402 that is remote from the axis, comprises in the
present case the sample metering zone 705, the capillary
stop 708, the channel 709, the serum/plasma collection
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zone 710 and the erythrocyte chamber 711. In other em-
bodiments the sample channel can consist of more or
fewer single zones/areas/chambers.
[0094] The hydrophilic or hydrophobic properties of the
surfaces of the cartridge can be selectively designed
such that the sample liquid and/or washing liquid are
moved either only with the aid of rotation and the resulting
centrifugal forces or by a combination of centrifugal forc-
es and capillary forces. The latter requires at least par-
tially hydrophilized surfaces in the fiuidic structures of the
test element (1).
[0095] The cartridge has an automatic functionality
which allows a relatively accurate measurement of a
sample aliquot from a sample that is applied to the test
element in excess (so-called metering system). This me-
tering system is a further subject matter of the present
invention. It essentially comprises the elements 200, 705,
706 and 707 of the cartridge that are shown. Sample
liquid and in particular whole blood is fed to the cartridge
via the sample inlet 200. The sample liquid fills the sample
metering zone 705 driven by capillary forces and/or cen-
trifugal forces. The sample metering zone 705 can in this
connection also contain the dried reagents. It is delimited
by the capillary stops 706, 708 which can for example be
in the form of hydrophobic barriers or geometric/non-
closing valves. The delimitation of the sample metering
zone 705 by the capillary stops 706, 708 ensures a de-
fined sample volume is taken up and is passed into the
fluidic zones that are located downstream of the sample
metering zone 705. When the cartridge is rotated, any
sample excess is transferred from the sample inlet 200
and the sample metering zone 705 into the container for
sample excess 707 whereas the metered amount of sam-
ple is transferred from the sample metering zone 705 into
the channel 709. Alternatively it is also possible to use
other forces for this purpose instead of the force gener-
ated by rotation which moves the sample e.g., by applying
an overpressure on the sample input side or a negative
pressure on the sample output side. The metering system
shown is hence not imperatively tied to rotatable test el-
ements but can also be used in other test elements.
[0096] Fig. 8 shows an example of an automatic ana-
lyzer. The automatic analyzer 800 is adapted for receiv-
ing a cartridge 100. There is a cartridge spinner 802 which
is operable for rotating the cartridge 100 about the rota-
tional axis 106. The cartridge spinner 802 has a motor
804 attached to a gripper 806 which attaches to a portion
of the cartridge 808. The cartridge 100 is shown further
as having a measurement structure 402. The cartridge
300 can be rotated such that the measurement structure
402 goes in front of a measurement system 812 which
can perform for example an optical measurement on the
processed biological sample. The actuator 811 can be
used to rotate the rotatable lid 104 relative to the support
structure 102. In some examples there may also be a
dispenser with a dosing needle for providing fluid to the
cartridge 100.
[0097] The actuator 811, the cartridge spinner 802, and

the measurement system 812 are shown as all being
connected to a hardware interface 816 of a controller
814. The controller 814 contains a processor 818 in com-
munication with the hardware interface 816, electronic
storage 820, electronic memory 822, and a network in-
terface 824. The electronic memory 830 has a machine
executable instructions which enables the processor 818
to control the operation and function of the automatic
analyzer 800. The electronic storage 820 is shown as
containing a measurement 832 that was acquired when
instructions 830 were executed by the processor 818.
The network interface 824 enables the processor 818 to
send the measurement 832 via network interface 826 to
a laboratory information system 828.
[0098] Fig. 9 shows a flowchart which illustrates a
method of either operating the automatic analyzer 800
of Fig. 8 or using the cartridge 100. First in step 900 a
biological sample is placed into the sample opening 200.
When the method starts the rotatable lid 104 is in the first
position. Next in step 902 the rotatable lid is rotated from
the first position to the second position. For example in
Fig. 8 the actuator 811 could be used to rotate the rotat-
able lid 104 relative to the support structure 102. Then
in step 904 the processor 818 controls the cartridge spin-
ner 802 such that the rotational rate of the cartridge is
controlled to process the biological sample into the proc-
essed biological sample using the fluidic structure 400.
Next in step 906 the processor 818 controls the cartridge
spinner 802 to control the rotational rate of the cartridge
to allow the processed biological sample to flow into the
measurement structure 402. Finally in step 908 the proc-
essor 818 controls the measurement system 812 to per-
form the optical measurement on the measurement
structure 402 with an optical instrument. The rotating of
the rotatable lid from the first position to the second po-
sition need not be performed immediately before step
904.
[0099] The lid may be rotated as long as it is performed
after placing the biological sample into the opening as
shown in step 900 and before performing the optical
measurement in step 908. In some examples placing the
biological sample into the sample opening would be per-
formed by an operator and not by the automatic analyzer
800. In other examples the automatic analyzer will also
pipette or place the biological sample into the sample
opening. In some other examples the rotating 902 of the
rotatable lid from the first position to the second position
will be performed manually. In other examples the rotat-
ing of the rotatable lid is performed by an actuator such
as actuator 811 as shown in Fig. 8.
[0100] Fig. 10 illustrates how an analyte 1000 may be
captured using a chromatographic membrane or solid
phase. The analyte 1000 is shown as having bonded with
a first antibody 1002 and a second antibody 1006. The
first antibody 1002 also has a fluorescence marker 1004
attached to it. The second antibody 1006 also has a first
binding molecule 1008 attached to it. The first binding
molecule 1008 is shown as being bound to a second
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binding molecule 1010. The second binding molecule
1010 is attached to the measurement structure 402. In
some embodiments both the first antibody 1002 and the
second antibody 1006 are attached to the analyte in an
incubation chamber. In other embodiments the first an-
tibody 1002 is attached to the analyte 1000 in an incu-
bation chamber and the second antibody 1006 is already
bound to the measurement structure 402. The first 1008
and second 1010 binding molecules may for instance be
part of a ligand-binder interaction such as biotin-strepta-
vidin or biotin-avidin.
[0101] Fig. 11 shows one example of how the meas-
urement structure 402 could be constructed using a
membrane. In this example the analyte 1000 is brought
in contact with the first antibody 1002 and the second
antibody 1006 in an incubation chamber 710 as shown
in Fig. 10. Next the processed biological sample is trans-
ported to the measurement structure 402 which is in this
case a membrane. There is a waste fleece 713 which
draws the processed biological sample through the mem-
brane. On the membrane there are three different re-
gions. Region 1100 is a capture and detection zone. In
the capture and detection zone or line this line consists
of a ligand-binding pair such as streptavidin and biotin.
This line catches the sandwich complex shown in Fig.
10. Next structure 1102 is a calibration line. This calibra-
tion line comprises a defined concentration of a Fluoro-
phore used to calibrate the measuring instrument. Next
structure 1104 is a control line. The line may consist of
immobilized analyte molecules. Detection antibodies or
the first antibodies 1002 with the fluorescence marker
1004 will also bind to this control line 1104 and the fluo-
rescence of this line will increase. This tells if the anti-
bodies 1002 are dissolved and functional.
[0102] Fig. 12 shows a cross-sectional view of a car-
tridge 100. In this example the rotatable lid 104 has a
circular guide rail 1200 that is symmetric about the rota-
tional axis 106. Within the support structure 102 there
are guide rail depressions 1202 for receiving the circular
guide rails 1200. This provides a means for the cover
104 to pivot around the rotational axis 106. To keep the
cover 104 from leaving the surface there is a notch 1204
that is cut into the side edge 118. The rotatable lid 104
has circular extensions 116 that have engaging elements
408 stick of them. The engaging elements 408 go into
notch 1204 and prevent the rotatable lid 104 from falling
off. The notches 1204 may also have a saw tooth-like
structure so that it also functions as part of a locking
mechanism or ratchet.
[0103] Fig. 13 shows a side view of the support struc-
ture 102 of Fig. 12. The notch 1204 is clearly visible.
There is a dashed line labeled A-A and numbered 1300
which shows a location of a cross-sectional view. The
notch 1204 is shown as having a first ratchet structure
406 along a portion of it. In other embodiments the ratchet
structure 406 is around the entire circumference of the
notch 1204.
[0104] Fig. 14 shows the cross-sectional view of A-A

1300 shown in Fig. 13. This is a view from the top looking
down at the bottom of the support structure 102. The
notch 1204 can be seen. Within the notch there are first
ratchet structures 406. These are saw tooth-like struc-
tures. This structure 406 would prevent the rotatable lid
104 from being turned back to the first position. In other
embodiments the saw tooth-iike structures 406 are
around the entire circumference of the support structure
102.
[0105] Fig. 15 shows a side view of the rotatable lid
104. The circular extensions 116 on the sides are visible.
In this example sections of the circular extension 116 are
cut except for an attachment point 1500. This creates a
ratchet structure 408 as a saw tooth element 1502 that
is able to engage the elements 406.

List of reference numerals

[0106]

100 cartridge
102 support structure
104 rotatable lid
106 rotational axis
108 connecting element
110 first part
112 second part
114 front face
116 circular extension
118 side edge
200 sample inlet
202 sample inlet opening
204 lip
300 sample inlet opening
400 fluidic structure
402 measurement structure
404 locking mechanism
406 first ratchet structure
408 second ratchet structure, attachment element
410 direction of rotation
412 detection zone opening
705 sample metering zone (metering section of the

channel)
706 capillary stop (e.g., hydrophobic barrier, geo-

metric/non-closing valve)
707 container for sample excess
708 capillary stop (e.g., hydrophobic barrier, geo-

metric/non-closing valve)
709 channel
710 serum/plasma collecting zone (serum/plasma

chamber) or incubation chamber
711 erythrocyte collecting zone (erythrocyte cham-

ber)
713 waste (fleece)
714 capillary stop (e.g., hydrophobic barrier, geo-

metric/non-closing valve)
715 channel
716 opening for adding further liquids, e.g., washing
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buffer
717 vent hole
800 automatic analyzer
802 cartridge spinner
804 motor
806 gripper
808 portion of cartridge
810 measurement structure
811 actuator
812 optical instrument
814 controller
816 hardware interface
818 processor
820 electronic storage
822 electronic memory
824 network interface
826 network connection
828 laboratory information system
830 executable instructions
832 measurement
900 placing the biological sample into the sample

opening;
902 rotating the rotatable lid from the first position to

the second position
904 controlling the rotational rate of the cartridge to

process the biological sample into the proc-
essed biological sample using the fluidic struc-
ture

906 controlling the rotational rate of the cartridge to
allow the processed biological sample to flow
into the measurement structure

908 performing the optical measurement on the
measurement structure with an optical instru-
ment

1000 analyte
1002 first antibody
1004 fluorescence marker
1006 second antibody
1008 first binding molecule
1010 second binding molecule
1100 capture and detection zone
1102 instrument control zone
1104 assay control zone
1200 circular guide rail
1202 guide rail depression
1204 notch
1300 cross sectional line A-A
1500 attachment point
1502 saw tooth structure

Claims

1. A method of performing an optical measurement
(832) of an analyte (1000) in a processed biological
sample using a cartridge (100), wherein the cartridge
is operable for being spun around a rotational axis
(106), wherein the cartridge comprises:

- a support structure (102), wherein the support
structure has a front face (114) perpendicular to
the rotational axis;
- a fluidic structure (400) for processing a bio-
logical sample into the processed biological
sample, wherein the fluidic structure comprises
a sample inlet (200) for receiving the biological
sample;
- a measurement structure (402) located on the
front face, wherein the measurement structure
is fluidically connected to the fluidic structure,
wherein the measurement structure comprises
at least one detection zone (1100);
- a rotatable lid (104) covering the front face,
wherein the rotatable lid is operable for being
rotated about the rotational axis relative to the
support structure, wherein the rotatable lid is op-
erable for being rotated from a first position rel-
ative to the support structure to a second posi-
tion relative to the support structure, wherein the
rotatable lid has a sample inlet opening (202,
300), wherein the rotatable lid has a detection
zone opening (412), wherein in the first position
the sample inlet is aligned with the sample inlet
opening, wherein in the first position the meas-
urement structure is covered by the rotatable lid,
wherein in the second position the sample inlet
is covered by the rotatable lid, wherein in the
second position the measurement structure is
aligned with the detection zone opening;

wherein the method comprises:

- placing (900) the biological sample into the
sample opening;
- rotating (902) the rotatable lid from the first po-
sition to the second position;
- controlling (904) the rotational rate of the car-
tridge to process the biological sample into the
processed biological sample using the fluidic
structure;
- controlling (906) the rotational rate of the car-
tridge to allow the processed biological sample
to flow into the measurement structure; and
- performing (908) the optical measurement on
the measurement structure with an optical in-
strument (812).

2. The method of claim 1, wherein the fluidic structure
further comprises a reagent in an incubation cham-
ber (709), wherein the reagent comprises at least
one first type of antibody (1002), wherein the at least
one detection zone comprises a binding site (1010)
for binding the analyte with at least one second type
of antibody (1006), wherein the step of controlling
the rotational rate of the cartridge to process the bi-
ological sample into the processed biological sample
using the fluidic structure comprises:
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- transporting the biological sample to the incu-
bation chamber;
- incubating the reagent with the biological sam-
ple to attach the at least one type of antibody to
the analyte.

3. The method of claim 1 or 2, wherein the biological
sample is blood, wherein processed biological sam-
ple comprises blood plasma, wherein the cartridge
further comprises an blood cell collection zone (711),
wherein the step of controlling the rotational rate of
the cartridge to process the biological sample into
the processed biological sample using the fluidic
structure comprises separating the blood plasma
from the blood using the blood cell collection zone.

4. A cartridge (100) for an automatic analyzer (800),
wherein the cartridge is operable for being spun
around a rotational axis (106), wherein the cartridge
comprises:

- a support structure (102), wherein the support
structure has a front face (114) perpendicular to
the rotational axis (106);
- a fluidic structure for processing a biological
sample into the processed biological sample,
wherein the fluidic structure comprises a sample
inlet (200) for receiving the biological sample;
- a measurement structure (402) on the front
face, wherein the measurement structure is flu-
idically connected to the fluidic structure, where-
in the measurement structure comprises at least
one detection zone (1100);
- a rotatable lid (104) covering the front face,
wherein the rotatable lid is operable for being
rotated about the rotational axis relative to the
support structure, wherein the rotatable lid is op-
erable for being rotated from a first position rel-
ative to the support structure to a second posi-
tion relative to the support structure, wherein the
rotatable lid has a sample inlet opening (202,
300), wherein the rotatable lid has a detection
zone opening (412), wherein in the first position
the sample inlet is aligned with the sample inlet
opening, wherein in the first position the meas-
urement structure is covered by the rotatable lid,
wherein in the second position the sample inlet
is covered by the rotatable lid, wherein in the
second position the measurement structure is
aligned with the detection zone opening.

5. The cartridge of claim 4, wherein the rotatable lid is
operable for being rotated from the second position
relative to the support structure to a third position
relative to the support structure, wherein in the third
position the sample inlet is covered by the rotatable
lid, and wherein in the third position the measure-
ment structure is covered by the rotatable lid.

6. The cartridge of claim 4 or 5, wherein the rotatable
lid is operable for being rotated from the first position
relative to the support structure to an intermediate
position relative to the support structure, wherein in
the intermediate position the sample inlet is covered
by the rotatable lid, wherein in the intermediate po-
sition the measurement structure is covered by the
rotatable lid, and wherein the rotatable lid is operable
for being rotated from the intermediate position rel-
ative to the support structure to the second position
relative to the support structure.

7. The cartridge of any one of claims 4 to 6, wherein
the cartridge further comprises a pivot (108) cen-
tered at the rotational axis for attaching the rotatable
lid to the support structure.

8. The cartridge of any one of claims 4 to 7, wherein
the cartridge further comprises a circular guide rail
(1200) centered about the rotational axis, wherein
the cartridge further comprises a guide rail depres-
sion (1202) for mating with the circular guide rail,
wherein the rotatable lid comprises one of the circu-
lar guide rail and the guide rail depression, and
wherein the support structure comprises the other
of the circular guide rail and the guide rail depression.

9. The cartridge of claims 4 to 8, wherein the support
structure has a circular side edge (118), wherein the
support structure has a notch (1204) about a circum-
ference of the circular side edge, wherein the rotat-
able lid comprises an attachment element (408) for
engaging the circular notch.

10. The cartridge of claims 4 to 9, wherein the circular
side edge comprises a first ratchet structure (406),
wherein the lid comprises a second ratchet structure
(408), wherein the first ratchet structure and the sec-
ond ratchet structure form a ratchet (404) to enable
rotation of the rotatable lid relative to the support
structure in only one direction.

11. The cartridge of any one of claims 4 through 10,
wherein the cartridge further comprises a locking
mechanism (404), wherein the locking mechanism
is operable for allowing the rotatable lid to rotate from
the first position to the second position, wherein the
locking mechanism is operable for preventing the
rotatable lid from being rotated from the second po-
sition to the first position.

12. The cartridge of any one of claims 4 through 11,
wherein the rotatable lid has an edge, wherein the
rotatable lid comprises a circular extension (116) that
extends from the edge past the front face.

13. The cartridge of claim 12, wherein the sample inlet
opening (202) is on the circular extension.
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14. The cartridge of any one of claims 4 through 12,
wherein the sample inlet is on the front face (200).

15. Automatic analyzer configured for receiving a car-
tridge according to any one of claims 4 to 14, wherein
the automatic analyzer comprises a cartridge spin-
ner (802), an optical instrument (812), and a control-
ler (814) configured to control the automatic analyz-
er, wherein the controller is configured to:

- control (904) the rotational rate of the cartridge
using the cartridge spinner to process the bio-
logical sample into the processed biological
sample using the fluidic structure;
- control (906) the rotational rate of the cartridge
using the cartridge spinner to allow the proc-
essed biological sample to flow into the meas-
urement structure; and
- perform (908) the fluorescence measurement
on the measurement structure with the fluores-
cence spectrometer.
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