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Description

FIELD OF THE INVENTION

[0001] The invention relates to biosensor systems
comprising a biosensor cartridge and a first biosensor
magnet assembly with two magnetic subunits for use with
the biosensor cartridge, and to a method for actuating
magnetic particles in the biosensor cartridge.

BACKGROUND OF THE INVENTION

[0002] Various analytical procedures to detect an an-
alyte in a test sample are known in the prior art.
[0003] For example, immunoassays use the mecha-
nisms of the immune system, wherein antibodies and the
respective antigens are capable of binding to each other.
This specific reaction mechanism is used to determine
the presence or quantity of the antigen in a test sample.
In particular, the antibody or the antigen (analyte of in-
terest) is labeled to quantify the interactions between an-
tibody and antigen. Common labels are, for example, flu-
orescent and chemiluminescent molecules, colored par-
ticles (beads) or radioisotopes.
[0004] Recently, magnetic labels have been used in
microfluidic assays to detect the presence or quantity of
an analyte. The use of magnetic labels as, for example,
magnetic particles, also denominated as magnetic beads
or beads, has several advantages. The magnetic parti-
cles can be actuated by applying a magnetic field such
that the analytical procedure can be accelerated. Further,
there is no magnetic background signal in the biological
test sample influencing the detection of the magnetic par-
ticles.
[0005] However, these assays using magnetic labels
require means for actuating the magnetic particles bound
to the antigens to be immobilized near the sensor surface
of the sensor cartridge, and for flushing away the remain-
ing unbound magnetic particles not to influence the quan-
tity measurement of the bound particles. Therefore, for
example, two magnets may be arranged on opposite
sides of the sensor cartridge, wherein the first magnet
attracts the magnetic particles to move through the test
sample toward the sensor surface, then the second mag-
net attracts unbound magnetic particles to move away
from the sensor surface. In this configuration, the two
magnets are mounted on a holding structure, and the
holding structure mechanically moves the magnets to-
ward or away from the sensor surface (see R. Luxton et
al., "Use of External Magnetic Fields to reduce reaction
times in an immunoassay...", Anal. Chem. 2004, 76, 1715
- 1719).
[0006] Such a method is very laborious and time-con-
suming and needs a complex holding structure for ar-
ranging the two magnets on opposite sides of the sensor
cartridge. Further, the first magnet arranged below the
sensor cartridge controls the movements of the magnetic
particles only in the direction perpendicular to the sensor

surface, but not in the horizontal direction, the direction
essentially parallel to the sensor surface. Therefore, ar-
eas with accumulations of unbound magnetic particles
may exist in the cartridge next to areas with only few or
maybe too less magnetic particles to bind with the anti-
gens of interest. Further, unbound particles in peripheral
regions in the cartridge may not easily and as fast as
other particles be attracted by the second magnet so that
these particles may remain in the cartridge. This may
result in unreliable test results.
[0007] WO2008/107827A1 discloses an electromag-
netic system for biosensors, in which the system can
switch quickly between high magnetic gradients, without
the need of movement of mechanical elements. This is
realized by two independent electromagnetic units which
are separated in the region of the pole shoes over a gap,
in which a sample volume is arranged by a cartridge, and
in which the sensor surfaces of the biosensor are located
at one or more inner surfaces of the cartridge.
[0008] WO00/32293A1 discloses apparatuses and
methods for separating, immobilizing, and quantifying bi-
ological substances from within a fluid medium. Biologi-
cal substances are observed by employing a vessel hav-
ing a chamber therein, the vessel comprising a transpar-
ent collection wall.
[0009] WO2004/078316A1 discloses a device for
transporting magnetic or magnetisable microbeads in a
capillary chamber comprising a permanent magnet or an
electromagnet for subjecting the capillary chamber to a
substantially uniform magnetic field, to apply a perma-
nent magnetic moment to the microbeads. At least one
planar coil and preferably an array of overlapping coils
are located adjacent to the capillary chamber for applying
a complementary magnetic field on the microbeads par-
allel or antiparallel to said substantially uniform magnetic
field, to drive the microbeads.
[0010] Generally, the particles of a test sample under-
go several processes, e.g. particles approach to the sen-
sor surface, bind to the sensor surface, unbind from the
sensor surface, etc. In known biosensor systems, mag-
netic particles near by the magnet are usually actuated
by the magnetic field and drawn towards the magnet. In
this case, the quality and/or quantity of a signal received
from the sensor surface next to the magnet will depend
on time and thus not be reliable, since it would not only
represent the bound particles, but also be influenced by
unbound magnetic particles in remote sections in the car-
tridge which are actuated by the magnetic field and may
thus move towards the sensor surface next to the mag-
net.

SUMMARY OF THE INVENTION

[0011] One object is to provide a biosensor system and
method for controlling the movement of magnetic parti-
cles in the cartridge and thus for providing more reliable
test results.
[0012] The invention discloses a biosensor system
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with a biosensor cartridge as defined in claim 1. The term
biosensor is herein used for all kinds of sensors appro-
priate for detecting biological substances or biological
material. The term top surface is herein used for a part
of the core on top of the core near to the sensor surface
which has a different shape than the typical cylindrical
shape of the core. The top surface is aligned in a direction
to the sensor surface, whereas the core is usually aligned
vertical. As the sensor surface is positioned between the
cores this means the top surface encloses an angle with
the core which is described in detail in the following. The
top surfaces form the profile of the magnetic field. The
biosensor system is compact, consumes little space, and
permits a flexible control of movement of the magnetic
particles. With the biosensor system described magnetic
particles can be moved in several directions, especially
in a direction to the left and right with regard to the Figs.
The biosensor system enables to wash away excessive
beads not bound to an assay from the sensor surface
without breaking bindings of bound beads.
[0013] Particular examples of the invention are de-
scribed in the dependent claims.
[0014] In the biosensor system a second magnet as-
sembly is arranged above the sensor surface for exerting
a force on magnetic particles in the cartridge. The second
magnet assembly can be designed similar to one of the
two subunits. The second magnet assembly provides an
additional magnetic field for exerting forces at the beads
and is controllable together with the two subunits by the
control means driving the two subunits and the top coil.
[0015] The first biosensor magnet assembly for gen-
erating a magnetic field is used in a biosensor system
such that the spatial movement of magnetic particles in
a biosensor cartridge may be controlled. By generating
a magnetic field within the cartridge, analytes, typically
antigens or substances, included in the test sample and
labeled with magnetic particles and present in the vicinity
of the first biosensor magnet assembly may be moved
towards a sensor surface in the cartridge to bind to im-
mobilized antibodies. The bound complex structure of
antibody, antigen, which is the analyte to be tested, and
magnetic particle functioning as a label may then be de-
tected at the sensor surface such that the mere presence
or even the quantity of the analyte in the test sample may
be estimated or determined. A further inferior aspect is
due to the changing of the magnetic field within the car-
tridge, magnetic particles present in the cartridge, but
remote from the first biosensor magnet assembly may
be hindered to move to the sensor surface. This further
effect is shown in Fig. 1, where different areas of mag-
netic field lines are depicted. In areas denoted as B at
the edge of the cartridge the magnetic particles or beads
are hindered to pass because of the magnetic field lines
and corresponding forces directed nearly perpendicular
to the surface and building an obstacle for the beads. In
other words magnetic walls are created between different
areas at the cartridge.
[0016] According to Fig. 1, a biosensor system, not be-

ing part of the invention, is provided, comprising a bio-
sensor cartridge and a first biosensor magnet assembly
for generating a magnetic field in the biosensor cartridge.
At the biosensor cartridge the magnetic field lines are at
one area B at the edge of the sensor surface of the car-
tridge directed in a way to block beads from passing the
edge of the sensor surface.
[0017] A biosensor cartridge is a container or reservoir
for receiving a fluid test sample containing the analyte,
for example an antigen, of interest. Usually, the cartridge
may have at least one plane base area, particularly a
rectangular or circular or elliptical base area. The base
area functions as a sensor surface at which the analyte
of interest may be analyzed by detection procedures.
Preferably, the cartridge or at least the plane base area
of the cartridge is made, for example, from glass, cyclo-
olefin (co)polmers, polyethylene, polystyrene, polycar-
bonate, or polymethylmetacrylate to enable an optical
analysis of the test sample.
[0018] A biosensor cartridge contains or may receive
magnetic or magnetizable particles. "Magnetic" or "mag-
netizable" particles are influenced by application of a
magnetic field and are magnetically responsive. For ex-
ample, these particles are attracted or repulsed or have
a detectable magnetic susceptibility or induction. In a pre-
ferred embodiment, these particles are paramagnetic or
superparamagnetic particles and may be made from met-
als or metal oxides or composite materials such as fer-
rites, e.g. a magnetite. These particles may be beads or
labels and are adapted to bind to a target moiety, e.g. an
antibody and/or an antigen, the analyte of interest. Such
a binding can occur directly or via a specific binding mem-
ber as, for example, a protein captured by an antibody
and/ or a protein sandwiched between the particle and
the antibody or antigen. In one embodiment of a biosen-
sor cartridge, antibodies are immobilized via capture re-
agents at the sensor surface of the cartridge and provide
a binding site for the antigen labeled with the magnetic
or magnetizable particle.
[0019] In a particular embodiment at least one of the
top surfaces may have an inclined section, different
shapes are designable, as described later. In another
example at least one of the top surfaces has a plane
section on top of the top surface spaced between 0.1 mm
to 5 mm from the sensor surface.
[0020] In a particular embodiment, at least one of the
magnetic subunits may be an electromagnetic subunit.
[0021] The first magnet assembly of the biosensor sys-
tem comprises at least two magnetic subunits. In partic-
ular, the magnetic subunits may be electromagnetic sub-
units comprising coils having a magnetizable (magneti-
cally responsive) core inside each coil. The core may be
made of a ferromagnetic material. The first biosensor
magnet assembly may be arranged in such a way that
one of the poles of each subunit is adjacent to the sensor
surface at one of the sides of the biosensor cartridge. In
one embodiment, the subunits essentially have a cylin-
drical shape within the coil area and the two magnetic
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poles are present at the two ends of the cylinder (i.e. the
base area and the top surface of the cylinder). The core
of a subunit may have a diameter of between 0.01 and
5 mm, preferably between 0.02 and 2 mm, and the height
of the core may be between 3 and 10 mm, preferably
5mm.
[0022] In particular, the core of a magnetic subunit has
a top surface, preferably arranged below the sensor sur-
face of the cartridge, which may comprise a plane section
and the inclined section. In a preferred embodiment, the
plane section is arranged to be parallel to the sensor
surface of the cartridge.
[0023] In a particular embodiment, the magnetic field
strength of each subunit may be separately changeable
by electrical control.
[0024] The term "separately changeable" means that
the magnetic field of each subunit can be changed by
electrical control independently from any change of the
magnetic fields of the other subunit. If the subunits com-
prise electromagnetic coils as described above, the
change of the magnetic field strength of a subunit may
be carried out by changing the electric current flowing
through the coil of a subunit. In this case, the "electrical
control" is meant to be the control of the electric current
flowing through the coils.
[0025] The biosensor system of the present invention
allows for a steering of the movement of magnetic or
magnetizable particles, beads, for example labels, in the
biosensor cartridge due to the changeable magnetic field
of the first biosensor magnet assembly. Preferably, the
particles can be steered to move directly to the sensor
surface of the cartridge to save operation time. Further,
an up-concentration of particles at a particular location
on the sensor surface may be avoided by separately
changing the magnetic field strength of the electromag-
netic subunits: due to a separate control of each of the
subunits, the magnetic field gradient, which is proportion-
al to the force acting on the particles, may be regulated
to move the particles in horizontal direction, i.e. essen-
tially parallel to the sensor surface, and/or essentially ver-
tical direction, i.e. perpendicular to the sensor surface.
[0026] In a particular embodiment, the whole analysis
volume of the biosensor cartridge, i.e. the volume that is
analyzed in the biosensor assay, may be affectable by
the magnetic field generated by the subunits.
[0027] The area of the sensor surface or the whole
volume of the biosensor cartridge may be affectable
and/or penetrable by the magnetic field of the subunits.
The volume of the cartridge is its inner volume (excluding
any inlets or outlets for filling-in a test sample) into which
a test sample including the analyte can be inserted. The
area of the sensor surface of the cartridge is generally
the plane base area of the cartridge onto which, for ex-
ample, the magnetic or magnetizable particles and/or an-
tibodies corresponding to the antigens as an example for
an analyte to be determined can be immobilized. Advan-
tageously, the biosensor cartridge is arranged adjacent
to the first biosensor magnet assembly so that the whole

volume of the cartridge is affectable and/or penetrable
by the magnetic field of the subunits. In this case, all
magnetic or magnetizable particles in the cartridge may
be actuated and geometrical constraints within the car-
tridge may be avoided.
[0028] In a particular embodiment, the inclined section
of a magnetic subunit may be inclined by 100° to 170°,
preferably by 120° to 150°, more preferably by 130 to
140°, or by 135°, with reference to the perpendicular of
the sensor surface of the biosensor cartridge.
[0029] In an embodiment, the inclined section is in-
clined towards the main axis of the core of a magnetic
subunit. If the core essentially has the outer shape of a
right circular cylinder, the main axis is the height axis of
the cylinder.
[0030] In a particular embodiment, each of the top sur-
faces may have a plane section spaced between 0.1 mm
to 10 mm from the sensor surface.
[0031] For example, the top surface of a core of a mag-
netic subunit may have the inclined section and may fur-
ther comprise the plane section. In this case, the plane
section may be arranged parallel to the sensor surface
in the cartridge. The distance between the plane section
and the sensor surface may be 0.1 to 10 mm, particularly
0.1 to 5 mm, more particular 0.1 to 3 mm. A close ar-
rangement between core and sensor surface may pro-
vide for a high magnetic field density at the sensor surface
and may thus provide for more reliable test results.
[0032] According to the invention, a method for actu-
ating magnetic particles with a biosensor system accord-
ing to the biosensor system of claim 1 is claimed. In ar-
ranging the biosensor cartridge adjacent to the first bio-
sensor magnet assembly, the magnetic field generated
by the first magnet assembly may affect a sensor surface
in the cartridge to control the movement towards and
away from the sensor surface in order to obtain reliable
test results. The first and second biosensor magnet as-
semblies and the biosensor cartridge used in the method
of the invention are parts of the biosensor system as de-
scribed above.
[0033] The method may allow to control the movement
of magnetic or magnetizable particles in a biosensor car-
tridge to enable more reliable test results: An equal dis-
tribution of the particles in horizontal and/or vertical di-
rection of the cartridge may be achieved and remaining
unbound particles remote from the sensor surface may
be hindered to move towards the sensor surface during
the test procedure.
[0034] In a particular embodiment, the method may
comprise a step of changing the polarity of at least one
of the magnetic subunits.
[0035] For example, the system can have two different
configurations, namely North-North configuration and
North-South configuration, whereas South-South config-
uration and South-North configuration provide the same
pattern of magnetic field lines as North-North configura-
tion and North-South configuration, respectively. In
changing the polarity of at least one of the subunits, the
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direction of the force due to the magnetic field and direct-
ed to a magnetic particle in the cartridge may be flipped.
Preferably, the force directed onto a magnetic particle
may be changed in sign due to the changing of the polarity
of at least one of the magnetic subunits. The first biosen-
sor magnet assembly generates a pre-determined mag-
netic field gradient in a direction parallel and/or perpen-
dicular to the sensor surface in the biosensor cartridge.
[0036] Preferably, the magnetic field gradient obtained
in the biosensor cartridge is variable in a direction parallel
and/or perpendicular to the sensor surface of the car-
tridge. In doing so, for example, the particles may be
actuated by the gradient to arrange in pre-determined
areas on the sensor surface in the biosensor cartridge
to preferably calibrate the detection procedure.
[0037] In a particular embodiment, the inclined section
may be inclined by 100° to 170°, preferably by 120° to
150°, more preferably by 130 to 140°, or by 135°, with
reference to the perpendicular of the sensor surface of
the biosensor cartridge.
[0038] In a particular embodiment, each of the top sur-
faces may have a plane section spaced between 0.1 mm
to 10 mm from the sensor surface.
[0039] In particular, the subunits may be located on a
base structure (particularly, with the subunits’ base areas
located on the base structure), preferably on a ferromag-
netic yoke. In an embodiment, the base structure may
be part of the subunits. A base structure may enable an
easier handling of the first biosensor magnet assembly
and may further avoid geometrical constraints which may
arise if the subunits are not arranged in one plane. A
ferromagnetic yoke as the base structure may strengthen
the magnetic field of the first biosensor magnet assembly
by concentrating the magnetic field lines of magnetic flux
inside in the yoke and thus avoiding losses. In particular,
the base structure may have the shape of a cuboid with
a length and width of between 0.01 mm and 10 mm, pref-
erably 5 mm or less than 5 mm, and a height (i.e. the
direction toward the biosensor cartridge) of between 2
and 10 mm, preferably 4 mm.
[0040] In a particular embodiment, the biosensor sys-
tem of the invention may further comprise control means
adapted to separately switch or adjust the magnetic field
strength of each subunit by electrical control. In particu-
lar, the control means may switch the orientation of mag-
netization in the magnetic subunits. The control means
may be advantageous in order to obtain a pre-determined
magnetic field gradient in the biosensor cartridge. The
magnetic field strength can be increased or decreased
separately for each subunit by the control means, for ex-
ample by increasing or decreasing the electric current in
the coils of the subunits. Hence, a pre-determined mag-
netic field gradient may be obtained in the biosensor car-
tridge, and the obtained magnetic field gradient may eas-
ily be modified by the control means at any time of the
analytical procedure. In particular, the control means may
be adapted to vary the magnetic field gradient in a direc-
tion parallel (horizontal) and/or perpendicular (vertical)

to the sensor surface of the biosensor cartridge. Due to
the possibility of a separate adjustment of the magnetic
field strength for each subunit, the magnetic flux density
in the cartridge may be variable. Hence, magnetic or
magnetizable particles in the biosensor cartridge may be
controllable to move in a particular spatial direction, for
example in horizontal direction, i.e. parallel to the sensor
surface, or in vertical direction, i.e. perpendicular to the
sensor surface. Thus, the diffusion of the particles in the
cartridge may be controlled, e.g. accelerated or even
slowed-down in each spatial direction, by using the con-
trol means for varying the magnetic field strength of the
subunits.
[0041] In a particular embodiment, the biosensor sys-
tem of the invention is a FTIR (Frustrated Total Internal
Reflection) magnetic biosensor system. Due to the fact
that optical beams and magnetic fields do generally not
interfere with each other, optical detection methods for
analyzing the presence and preferably the quantity of an
analyte of interest in a test sample are advantageous if
using magnetic or magnetizable particles as labels.
Hence, external magnetic actuation may be well-suited
for use with optical detection methods, since sensor dis-
turbances by the magnetic field may be avoided.
[0042] These and other aspects of the invention will be
apparent from and exemplified with reference to the em-
bodiments described hereafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043]

Fig. 1 schematically shows a cut of a side view of
the set-up for a biosensor system not according to
one embodiment of the invention, with two magnetic
subunits arranged below a cartridge having a sensor
surface,
Fig. 2 shows a mechanical drawing of a side view of
one magnetic subunit for use in the invention with
indication of exemplary sizes in mm,
Fig. 3 schematically shows a side view of an example
of the two magnetic subunits arranged below the car-
tridge with another magnetic coil arranged above the
cartridge and the alignment of magnetic field lines
along the cartridge, with schematic magnetic parti-
cles near the sensor surface not true to scale for
illustration,
Fig. 4 schematically shows a side view of a biosensor
system with the other magnetic coil, the top coil,
above the cartridge, a cartridge and two subunits
below the cartridge having slim shaped tips at each
one end of the magnetic subunits,
Fig. 5 schematically shows a side view of a biosensor
system similar to Fig. 4 with the other magnetic coil,
the top coil, above the cartridge, a cartridge and two
subunits below the cartridge having bulky shaped
tips at each one end of the magnetic subunits,
Fig. 6 shows two curves of the angle of magnetic
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field lines against the position at the sensor surface
for the slim shaped tips according to Fig. 4 with a
dashed line and for the bulky shaped tips according
to Fig. 5 with a continuous line,
Fig. 7 shows a schematic top view of two narrow tips
of magnetic subunits, a distribution of the magnetic
field in the gap between the tips and an optical win-
dow between the tips in which area a measurement
is done,
Fig. 8 shows a schematic top view similar to Fig. 7
of two broad tips of magnetic subunits, a distribution
of the magnetic field in the broad gap between the
tips and an optical window between the tips in which
area a measurement is done.

DETAILED DESCRIPTION OF EMBODIMENTS

[0044] Fig. 1 shows an embodiment of a biosensor sys-
tem 1 comprising a first biosensor magnet assembly 10
with two electromagnetic subunits 20a, 20b, which may
be arranged on a base structure 23a, 23b, typically
formed integrally with the subunits 20a, 20b. In one pre-
ferred embodiment, each subunit 20a, 20b comprises a
coil 21a, 21b and a core 22a, 22b inside the coil 21a,
21b. By changing the electric current flowing through the
coil 21a, 21b, the magnetic field strength of each subunit
20a, 20b may be electrically controlled. An example of a
magnetic field strength is up to 40kA/m, an example of
a magnetic field gradient is up to 2∗107A/m2. Generally,
the subunits 20a and 20b are arranged on one side of a
biosensor cartridge 30 facing the magnetic subunits 20a
and 20b. The biosensor cartridge 30 is shown in Fig. 1
as having a length dimension and a height h. In case a
base structure 23a, 23b is used, the cartridge 30 is lo-
cated adjacent to the subunits 20a and 20b such that the
first magnet assembly 10 is located between the base
structure 23a, 23b and the cartridge 30. In a particular
embodiment, the base structure 23a, 23b may be a single
yoke as discussed above. Further, the cartridge 30 may
be arranged such that its volume is affectable and/or pen-
etrable by the magnetic field of the first magnet assembly
10. In Fig. 1, the magnetic subunits 20a, 20b have North-
South configuration such that the magnetic field lines pro-
vide the pattern in the cartridge 30 as shown in Fig. 1
and may penetrate a sensor surface 31 in the cartridge
30. The sensor surface 31 in the cartridge 30 serves for
the detection of an analyte which is to be applied to the
cartridge 30. The cores 22a, 22b of the subunits 20a, 20b
comprise top surfaces 24a, 24b arranged on top of the
cores, also denoted as tips in the following, which have
inclined sections 26a, 26b and plane sections 28a, 28b
on top, as depicted in Fig. 1. The plane sections 28a, 28b
are preferably arranged closely to the cartridge 30, and/or
parallel to the sensor surface 31 in the cartridge 30. After
generation of a magnetic field in the cartridge 30 by the
first biosensor magnet assembly 10, the magnetic field
lines provide a pattern as shown in Fig. 1, wherein the
field lines emanate perpendicularly from a top surface

24a, 24b of a core 22a, 22b. For the sake of clearness
the magnetic field lines are drawn only in the area of the
cartridge 30.
[0045] According to the method of the present inven-
tion, the sensor surface 31 of the cartridge 30 is arranged
above the first magnet assembly 10 in Fig. 1, such that
the magnetic field resulting from the magnetic subunits
20a, 20b penetrates the volume of the cartridge 30, in
particular the whole analysis volume that is analyzed by
the biosensor assay. Due to the inclined sections 26a,
26b of the top surfaces 24a, 24b of the subunits 20a,
20b, the movement of magnetic or magnetizable particles
2 present in the cartridge 30 or filled in the cartridge 30
may be particularly controlled.
[0046] Fig. 2 shows a mechanical drawing of a partic-
ular magnetic subunit 20b for use in a magnet assembly
10, 40 similar to Fig. 1. Especially, the top surface 24b
of the magnetic subunit 20b is depicted and further de-
scribed. The same holds for a subunit 20a arranged op-
posite to the subunit 20b, as described. The dimensions
of the subunit 20b as specified in Fig. 2 are denoted in
millimeters (mm). In the shown particular embodiment,
the base structure 23b has a height of 4 mm. In particular,
the height of the base structure 23b of the subunit 20b
may be between 2 to 10 mm, more preferably between
3 and 6 mm. The height of the core 22b is specified in
Fig. 2 as being 5 mm. In a particular embodiment, the
height of the core 22b may be between 3 and 10 mm,
more preferably between 4 and 7 mm. The height of the
tip 24b of the subunit 20b is specified as being around 1
mm. In a particular embodiment, the height of the tip 24b
may be between 0.5 and 3 mm, more preferably between
0.5 and 2 mm. The length of the plane section of the top
surface 24b of the core 22b is specified in Fig. 2 as being
1.7 mm. In a particular embodiment, the length of the
plane section 28b may be between 1 and 3 mm, more
preferably between 1.5 and 2 mm. The inclined section
26b of the tip or top surface 24b is specified in Fig. 2 as
being 135°. In a particular embodiment, that angle may
be between 100° to 170°, preferably between 120° to
150°, more preferably between 130 to 140°. The diameter
of the cylindrical core 22b of the subunit 20b is specified
in Fig. 2 as being between 0.02 and 2 mm. In a particular
embodiment, the diameter of the core 22b is between
0.01 and 5 mm. Opposite side edges of the base structure
23b of the subunit 20b may be provided with an offset
having a height of 0.3 mm according to the embodiment
shown in Fig. 2. In a particular embodiment, the height
of the offset may be between 0.1 and 0.5 mm, preferably
between 0.2 and 0.4 mm. The length of the base structure
23b of a subunit 20b is specified in Fig. 2 as being be-
tween 0.01 and 4.99 mm. In a particular embodiment,
the length and/or width of the base structure 23b ranges
between 0.01 and 10 mm, preferably between 0.01 and
7 mm, or is, more preferably, less than 5 mm. These
dimensions described hold for the magnetic subunit 20a
accordingly.
[0047] In a particular embodiment, the length of the
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magnet assembly 10, 40 is essentially equal to the length
of the biosensor cartridge 30. In this case, the magnetic
field generated by the subunits 20a, 20b may penetrate
the whole volume of the cartridge 30. In doing so, the
particles 2 may be controlled in each section of the car-
tridge 30 to obtain reliable test results.
[0048] Fig. 3 shows a schematic side view of an ex-
ample of the two magnetic subunits 20a, 20b arranged
below the cartridge 30 similar to Fig. 1. When the sensor
surface 31 in the cartridge 30 above the magnetic sub-
units 20a, 20b has a larger distance to the tips 24a, 24b,
typically a wider gap 25 between the magnetic subunits
20a, 20b, is used. The subunits 20a, 20b are spaced from
each other by the gap 25. The gap 25 is not necessarily
filled with any material but with the ambient air to allow
the subunits 20a, 20b being moved with respect to each
other. In a further embodiment, the gap 25 may be filled
with a dielectric material. The dielectric material may be
a plastic moulding material, into which the subunits 20a,
20b may be embedded such that the outer shape of each
subunit 20a, 20b is not apparent. In a preferred embod-
iment, only one or both of the pole surfaces of each sub-
unit 20a, 20b is/are not covered by the dielectric material.
The dielectric material may function as an insulator be-
tween the subunits and may fix the distance between the
subunits 20a, 20b such that the subunits 20a, 20b are
not moveable with respect to each other. Hence, geo-
metrically constraints may further be avoided. Typically,
the gap 25 between the magnetic subunits 20a, 20b is
in the same order of magnitude as the distance of the
magnetic subunits 20a, 20b to the sensor surface 31.
The coils 21a, 21b are schematically indicated to further
illustrate the described design and form of the magnetic
subunits 20a, 20b. Various combinations of polarities of
the two magnetic subunits 20a, 20b may be used (north-
south, north-north, south-south, south-north). Fig. 3
sketches a configuration with opposing poles of the tips
24a, 24b. In this configuration the magnetic field lines
between the poles of the two subunits 20a, 20b have a
direction essentially parallel to the cartridge 30 in the area
above the cartridge 30 and the sensor surface 31 at the
cartridge 30. This effect is exemplary and schematically
shown by four field lines originating from one pole of a
magnetic subunit 20a and projecting to the second pole
of the opposed subunit 20b. The shape of the magnetic
field generated by the magnet assembly 10, 40 resem-
bles an arc. As a result, the field lines penetrate the sam-
ple volume, in which sample the analyte is dissolved, e.g.
salive or blood, under different angles, depending on the
lateral position of the cartridge 30 with respect to the mag-
netic subunits 20a, 20b. Another important feature of the
magnetic field in this configuration of the poles is that it
has a magnetic field gradient that is directed towards the
sensor surface 31, by which a force on the magnetic par-
ticles 2 towards the sensor surface 31 is exerted.
[0049] A further magnetic assembly, referred to as sec-
ond magnet assembly 40 is arranged above the cartridge
30, as can be seen in Fig. 3, which is depicted in a sche-

matic way. The second magnet assembly 40 is control-
lable separately by the biosensor system 1 and is for
example designable as a coil or a magnet assembly 40
with multiple magnetic subunits. The second magnet as-
sembly 40 can be designed similar to one or both of the
magnetic subunits 20a, 20b. In the case of a second mag-
net with a single-core single-coil architecture, in the area
between the second magnet assembly 40 and the car-
tridge 30 the magnetic field lines are nearly perpendicular
to the cartridge 30 when only the second magnet assem-
bly 40 is activated and the magnetic field generated by
the two magnetic subunits 20a, 20b is deactivated. Mag-
netic forces originating from the second magnet assem-
bly 40 affect the magnetic particles 2 and force the mag-
netic particles 2 away from the cartridge 30. Having con-
trolled the second magnet assembly 40 and the two sub-
units 20a, 20b by the control means 48 in a coordinated
way allows a controlled exertion of forces at the magnetic
particles 2 in the fluid to be analyzed with regard to the
plane of Fig. 3. For the sake of completeness the control
means 48 is drawn in a schematic way which drives the
two subunits 20a, 20b and the second magnet assembly
40. The control means 8 switches on and off and controls
the magnetic field strength of the two subunits 20a, 20b
and the second magnet assembly 40 according to the
operating state. Operating states are for instance the par-
allel washing state, in which forces are exerted in an es-
sentially parallel direction to the sensor surface 31 to
wash away excessive beads 2. Another operating state
is the actuation state in which beads 2 are dragged to
the sensor surface 31 to establish a binding at an assay
(not shown). The process of binding beads 2 with ana-
lytes and antigens to an assay (not shown) is known and
described in the state of the art. With the biosensor sys-
tem 1 described the binding process and the speed of
this process is improved, as beads 2 approach the assay
(not shown) faster due to magnetic forces. The distance
between the tips 24a, 24b, of the two subunits 20a, 20b
is chosen with respect to the distance to the location
where the magnetic beads 2 are to be actuated, which
is the area above the sensor surface 31 in the cartridge
30. The term actuation is known in the art and essentially
means the process of providing magnetic particles 2 to
an assay (not shown) to bind magnetic particles 2 and
the analyte to the assay (not shown) with different meth-
ods known in the art. Furthermore, the biosensor system
1 described can also be applied to a biosensor cartridge
30 in which a measurement is done without binding the
analyte and the magnetic particles 2 to an assay (not
shown).
[0050] Fig. 4 schematically shows a side view of a bi-
osensor system 1 similar to Fig. 1 showing a certain ex-
ample of top surfaces 24c, 24d, another example of top
surfaces 24a, 24b is shown in Fig. 5. As in Fig. 3, the
biosensor system 1 additionally comprises a second
magnet assembly 40 on top of the biosensor system 1
comprising a core 42 and a coil 41, the second magnet
assembly 40 is arranged above the cartridge 30 with ref-
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erence to the illustration of the Figs. The second magnet
assembly 40 is arranged at the other side of the cartridge
30 of the subunits 20a, 20b, the cartridge 30 including
the sensor surface 31 is positioned between the second
magnet assembly 40 and the two subunits 20a, 20b. The
two subunits 20a, 20b under the cartridge 30 are sepa-
rated by the gap 25 in the area of the tips 24c, 24d of the
magnetic subunits 20a, 20b. This means a recessed area
is arranged between the tips 24c, 24d which are regularly
formed integrally with each subunit 20a, 20b, as indicated
in Fig. 4, Fig. 5. As described the top surfaces or tips
24a, 24b, 24c, 24d are aligned in the direction to the
sensor surface 31. In the example of Fig. 4 the tips 24c,
24d have a shape which is described as slim, which
means the diameter of these examplary tips 24c, 24d
lowers in the direction away from the cores 23a, 23b.
With other words the tips 24c, 24d taper in the direction
to the cartridge 30. The tips 24c, 24d in this example are
slanted in the direction to each other, as visible in Fig. 4,
leading to a narrower gap 25 near to the cartridge 30
than far from the cartridge 30 and near to the base struc-
ture 23a, 23b of the subunits 20a, 20b. In the example
of Fig. 5 the tips 24a, 24b have a shape which is described
as bulky, which means the diameter of these examplary
tips 24a, 24b is essentially constant in the direction away
from the subunits 20a, 20b. The tips 24a, 24b in Fig. 5
are shaped similar to the tips 24a, 24b described in detail
under Fig. 2. The tips 24a, 24b extend in a direction es-
sentially perpendicular to the cores 23a, 23b as depicted
in Fig. 5, with the end faces of the tips 24a, 24b far from
the cores 23a, 23b being opposed. This means the width
of the gap 25 between the tips 24a, 24b is constant con-
trary to Fig. 4. Both examples described under Fig. 4,
Fig. 5 result in a magnetic field characterized by field
lines depicted in the similar example of Fig. 3. The con-
sequences of the different examples of tips 24a, 24b,
24c, 24d for the profile of the magnetic field generated
are described on basis of the curve under Fig. 6.
[0051] Fig. 6 shows two curves obtained in connection
with the biosensor system 1, the x-axis denotes the po-
sition x along the sensor surface 31 of the cartridge 30
in mm. The y-axis denotes the angle α of the magnetic
field lines. The angle α between the field lines and the

optical window can be calculated from 

with Bx and By being the lateral and vertical components

of the magnetic flux density vector, respectively. Fig. 6
shows the dependence of the angle α on the lateral po-
sition on the bottom of the sample volume. The edges of
the optical window 46 are depicted in Fig. 6 by the per-
pendicular lines at the positions -0.5mm and +5mm. It
can be seen that the field lines at the edge of the optical
window 46 are slanted by about 30°. Due to the symmetry
of the magnetic field at equal current input into both coils
21a, 21b, the field lines are running horizontally in the
center of the optical window 46 at position zero. The up-

per dashed curve characterizes the angle α for the shape
of slim tips 24c, 24d according to Fig. 4. The lower con-
tinuous curve characterizes the angle α for the shape of
bulky tips 24a, 24b according to Fig. 5. The angle α en-
closed by the magnetic field lines and the surface of the
optical window 46 depends on the lateral position x on a
horizontal line along the sensor surface 31. As shown by
the curves the angle α has a value of zero at position
zero, i.e. in the center of the optical window 46 field lines
are parallel to the sensor surface 31. The angle α in-
creases nearly continuously with increasing distance
from the center at position zero. The upper dashed curve
runs steeper than the lower continuous curve, which
means the angle α has a stronger increase with the slim
tips 24c, 24d according to Fig. 4 compared to the bulky
tips 24a, 24b according to Fig. 5. The change in the ge-
ometry leads to a reduction of the field angle α of about
7° at the edge of the optical window 46. The shape of the
tips 24a, 24b, 24c, 24d influences the angle α of magnetic
field lines and therefore the exertion of forces at magnetic
particles 2, as is proved by Fig. 6. As a result of the po-
letips or tips 24a, 24b, 24c, 24d geometry, the magnetic
field distributions for the examples of magnetic subunits
20a, 20b according to Fig. 4 and Fig. 5 differ.
[0052] In experiments it has been observed that on ba-
sis of the magnetic subunit 20a, 20b according to Fig. 4
with slim tips 24c, 24d beads or magnetic particles 2 form
chains during magnetic attraction, which ultimately at-
tach to the sensor surface 31 or surface in the cartridge
30, and the chains align themselves according to the local
orientation of the magnetic field lines. This effect has
been identified as one cause of non-uniform distributions
of magnetic particles 2 on the sensor surface 31, which
is unwanted as the effect can impair correct measure-
ments.
[0053] The biosensor system 1 comprising the altered
geometry of bulky tips 24a, 24b featuring a flattened dis-
tribution of angles α has a wider arc of magnetic field
lines avoiding the formation of chains of magnetic parti-
cles 2 and thus improving the distribution of the magnetic
particles 2.
[0054] Fig. 7 shows a schematic top view of two tips
24a, 24b of the magnetic subunits 20a, 20b opposed to
each other. In this example the distance between the tips
24a, 24b is chosen to about 1mm. The width of the tips
24a, 24b is chosen to about 2mm, which width is hereby
referenced as narrow. Both dimensions, the width of the
tips 24a, 24b and the distance between the tips 24a, 24b,
can be chosen different. In the gap 25 and around the
tips 24a, 24b a distribution of the magnetic field is shown,
whereas in the center of the gap 25 the magnetic field
lines are essentially parallel with regard to the end faces
of the tips 24a, 24b. In the direction to the edges of the
tips 24a, 24b, in Fig. 7 along a vertical line, far from the
center of the gap 25 the magnetic field lines bend more
and more in the direction around the tips 24a, 24b, cap-
turing an increasing angle with the parallel magnetic field
lines in the center of the gap 25. In Fig. 7 between the
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tips 24a, 24b an area is plotted centered in the gap 25
which area is the optical window 46. As described above
one method to detect the analyte present in the cartridge
30, typically after the process of actuation, is an optical
detection method. Other detection methods are design-
able. In the area of the optical window 46 the magnetic
field is aligned in a way described with essentially parallel
magnetic field lines. A measurement of the biosensor
system 1 is done preferably in the optical window 46,
consequently the sensor surface 31 and the analyte is
placed in the optical window 46 above the tips 42a, 42b,
as is shown in Fig. 3, Fig. 4, Fig. 5.
[0055] Fig. 8 shows a schematic top view similar to Fig.
7 of two tips 24a, 24b of magnetic subunits 20a, 20b. The
view onto the configuration shown in Fig. 8 is turned by
90° in comparison to Fig. 7. The tips 24a, 24b of the
magnetic subunits 20a, 20b in Fig. 8 have a width of
about 5mm and therefore are broader than the tips 42a,
42b in Fig. 7. The distance between the tips 24a, 24b in
the gap 25 in the example of Fig. 7 is roughly the same
as the corresponding distance in Fig. 8 and chosen as
1mm. The distribution of the magnetic field lines in the
broad gap 25 of Fig. 8 between the tips 24a, 24b is dif-
ferent to the narrow gap 25 of Fig. 7, as depicted. The
magnetic field lines are essentially parallel along a broad
area within the broad gap 25, which area has at least the
length of the width of the tips 24a, 24b, which is about
5mm in the example given. An optical window 46 between
the tips 24a, 24b in the gap 25 is shown in which area a
preferred measurement of the biosensor system1 is
done. In Fig. 8 the optical window 46 is shiftable along a
horizontal line without imparing the results of the meas-
urement. This means the sensor surface 31 of the car-
tridge 30 can also be positioned in the direction to the
edges of the tips 24a, 24b rather than only in the center
of the gap 25. This is by reason of the magnetic field in
the gap 25 being more homogeneous in comparison to
Fig. 7 due to the structural changes of the tips 24a, 24b.
[0056] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and non-restrictive; the invention
is thus not limited to the disclosed embodiments. Varia-
tions to the disclosed embodiments can be understood
and effected by those skilled in the art and practicing the
claimed invention, from a study of the drawings, the dis-
closure, and the appended claims. In the claims, the word
"comprising" does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a
plurality. A single processor or other unit may fulfill the
functions of several items recited in the claims and the
description (for example, the functions of the control
means as discussed above). The mere fact that certain
measures are recited in mutually different dependent
claims does not indicate that a combination of these
measures can not be used to advantage. Any reference
signs in the claims should not be considered as limiting
the scope.

Claims

1. A biosensor system (1) comprising

• a biosensor cartridge (30), comprising a sensor
surface (31) and magnetic particles (2),
• a first biosensor magnet assembly (10) for gen-
erating a magnetic field in the biosensor car-
tridge (30), the first biosensor magnet assembly
(10) comprising two magnetic subunits (20a,
20b) each having a core (22a; 22b) with a top
surface (24a, 24b, 24c, 24d) separated by a gap
(25), and
characterized in that the biosensor system (1)
is arranged such that the cartridge (30) and the
sensor surface (31) are positioned above the
top surfaces (24a, 24b, 24c, 24d) of the cores
(22a, 22b), and in that the two subunits (20a,
20b) are adapted to generate in the cartridge
(30) a magnetic field between the first subunit
(20a) and the second subunit (20b) with mag-
netic field lines essentially in parallel to the sen-
sor surface (31) to exert forces at magnetic par-
ticles (2) in the cartridge (30), and
• a second magnet assembly (40) that is ar-
ranged above the sensor surface (31) for exert-
ing a force on magnetic particles (2) in the car-
tridge (30), and where the magnetic subunits
(20a, 20b) and the second magnet assembly
(40) are arranged such that forces can be gen-
erated towards the sensor surface (31) and
away from the sensor surface (31) by electrical
control of a control means (48).

2. The biosensor system of claim 1, wherein at least
one of the magnetic subunits (20a, 20b) is an elec-
tromagnetic subunit and the magnetic field strength
of each magnetic subunit (20a, 20b) is separately
changeable by electrical control of the control means
(48), whereby the direction and/or magnitude of the
magnetic forces is changeable.

3. The biosensor system of claim 1 or claim 2, wherein
the top surface (24a, 24b, 24c, 24d) is aligned in a
direction to the sensor surface (31), whereas the
core (22a, 22b) is aligned vertical.

4. The biosensor system of any of the previous claims,
wherein the core (22a, 22b) with the top surface (24a,
24b, 24c, 24d) has an inclined section (26a, 26b)
inclined by 100° to 170°, preferably by 120° to 150°,
with reference to the perpendicular of the sensor sur-
face (31) of the biosensor cartridge (30).

5. The biosensor system of any of the previous claims,
wherein each of the top surfaces (24a, 24b, 24c, 24d)
has a plane section (28a, 28b) spaced between 0.1
mm to 5 mm from the sensor surface (31).
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6. The biosensor system of any of the previous claims,
wherein the first and/or the second biosensor mag-
net assembly (10, 40) is arranged to generate a pre-
determined magnetic field gradient in a direction par-
allel and/or perpendicular to the sensor surface (31)
in the biosensor cartridge (30).

7. The biosensor system of any of the preceding claims,
wherein the two magnetic subunits (20a, 20b) are
adapted to generate magnetic field lines directed
from the first subunit (20a) to the second subunit
(20b) and from the second subunit (20b) to the first
subunit (20a) subsequently to wash away unbound
magnetic particles (2).

8. The biosensor system of any of the preceding claims,
wherein the magnetic subunits (20a, 20b) are elec-
tromagnetic subunits which are separately control-
lable such that the magnetic field strength can be
changed separately.

9. The biosensor system of any of the preceding claims,
further comprising said cartridge (30) comprising
said sensor surface (31) and said magnetic particles
(2), to be positioned above the top surface (24a, 24b,
24c, 24d).

10. The biosensor system of any of the preceding claims,
further comprising optical detection means such that
it is a Frustrated Total Internal Reflection (FTIR)
magnetic biosensor system.

11. A method for actuating magnetic particles (2) which
comprises:

- providing a first biosensor magnet assembly
(10) comprising two magnetic subunits (20a,
20b) each having a core (22a; 22b) with a top
surface (24a, 24b, 24c, 24d) separated by a gap
(25),
- providing a second magnet assembly (40)
above the sensor surface (31) for exerting a
force on magnetic particles (2) in the cartridge
(30),
- providing a biosensor cartridge (30) comprising
a sensor surface (31) and magnetic particles (2),
the cartridge (30) and the sensor surface (31)
being positioned above the top surfaces (24a,
24b, 24c, 24d) of the cores (22a, 22b);
- generating in the biosensor cartridge (30) a
magnetic field with magnetic field lines between
the first subunit (20a) and the second subunit
(20b) which are essentially in parallel to the sen-
sor surface (31) to exert forces at magnetic par-
ticles (2) in the cartridge (30), where the mag-
netic subunits (20a, 20b) and the second mag-
net assembly (40) arranged such that forces can
be generated towards the sensor surface (31)

and away from the sensor surface (31) by elec-
trical control of a control means (48).

12. The method of claim 11, wherein the magnetic field
steers the movement of magnetic particles (2)
present in a first region (A) of the biosensor cartridge
(30), and wherein magnetic particles (2) present in
a second region (B) of the biosensor cartridge (30)
are hindered to move into the first region (A).

13. The method of claim 11, comprising a step of chang-
ing the polarity of at least one of the magnetic sub-
units (20a, 20b).

14. The method of claim 11, wherein the magnetic par-
ticles are magnetically controlled by the magnetic
subunits in horizontal and/or vertical position in the
cartridge to obtain a predetermined controlled diffu-
sion in the cartridge.

Patentansprüche

1. Biosensorsystem (1), Folgendes umfassend:

• eine Biosensorkartusche (30), die eine Sen-
sorfläche (31) und magnetische Partikel (2) um-
fasst,
• eine erste Biosensormagnetanordnung (10),
um ein Magnetfeld in der Biosensorkartusche
(30) zu erzeugen, wobei die erste Biosensorma-
gnetanordnung (10) zwei magnetische Unterei-
nheiten (20a, 20b) umfasst, die jeweils einen
Kern (22a; 22b) mit einer Oberseite (24a, 24b,
24c, 24d) haben, die durch einen Zwischenraum
(25) abgetrennt ist, und
dadurch gekennzeichnet, dass das Biosen-
sorsystem (1) derart angeordnet ist, dass sich
die Kartusche (30) und die Sensorfläche (31)
über den Oberseiten (24a, 24b, 24c, 24d) der
Kerne (22a, 22b) befinden, und dass die zwei
Untereinheiten (20a, 20b) dazu angepasst sind,
in der Kartusche (30) ein Magnetfeld zwischen
der ersten Untereinheit (20a) und der zweiten
Untereinheit (20b) mit zur Sensorfläche (31) im
Wesentlichen parallelen Magnetfeldlinien zu er-
zeugen, um Kräfte auf die magnetischen Parti-
kel (2) in der Kartusche (30) auszuüben, und
• eine zweite Magnetanordnung (40), die über
der Sensorfläche (31) angeordnet ist, um eine
Kraft auf die magnetischen Partikel (2) in der
Kartusche (30) auszuüben, und wobei die ma-
gnetischen Untereinheiten (20a, 20b) und die
zweite Magnetanordnung (40) derart angeord-
net sind, dass Kräfte durch eine elektrische
Steuerung einer Steuereinrichtung (48) zur Sen-
sorfläche (31) hin und von der Sensorfläche (31)
weg erzeugt werden können.
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2. Biosensorsystem nach Anspruch 1, wobei mindes-
tens eine der magnetischen Untereinheiten (20a,
20b) eine elektromagnetische Untereinheit ist, und
die Magnetfeldstärke jeder magnetischen Unterein-
heit (20a, 20b) durch eine elektrische Steuerung der
Steuereinrichtung (48) separat veränderbar ist, wo-
durch die Richtung und/oder Magnitude der magne-
tischen Kräfte veränderbar sind bzw. ist.

3. Biosensorsystem nach Anspruch 1 oder Anspruch
2, wobei die Oberseite (24a, 24b, 24c, 24d) in einer
Richtung zur Sensorfläche (31) ausgerichtet ist, wo-
hingegen der Kern (22a, 22b) vertikal ausgerichtet
ist.

4. Biosensorsystem nach einem der vorhergehenden
Ansprüche, wobei der Kern (22a; 22b) mit der Ober-
seite (24a, 24b, 24c, 24d) einen geneigten Abschnitt
(26a, 26b) hat, der um 100° bis 170°, vorzugsweise
120° bis 150° in Bezug auf die Senkrechte der Sen-
sorfläche (31) der Biosensorkartusche (30) geneigt
ist.

5. Biosensorsystem nach einem der vorhergehenden
Ansprüche, wobei jede der Oberseiten (24a, 24b,
24c, 24d) einen planen Abschnitt (28a, 28b) hat, der
0,1 mm bis 5 mm von der Sensorfläche (31) beab-
standet ist.

6. Biosensorsystem nach einem der vorhergehenden
Ansprüche, wobei die erste und oder die zweite Bi-
osensormagnetanordnung (10, 40) dazu angeord-
net sind bzw. ist, einen vorbestimmten Magnetfeld-
gradienten in einer Richtung parallel und/oder senk-
recht zur Sensorfläche (31) in der Biosensorkartu-
sche (30) zu erzeugen.

7. Biosensorsystem nach einem der vorhergehenden
Ansprüche, wobei die zwei magnetischen Unterein-
heiten (20a, 20b) dazu angepasst sind, Magnetfeld-
linien zu erzeugen, die von der ersten Untereinheit
(20a) zur zweiten Untereinheit (20b) und von der
zweiten Untereinheit (20b) zur ersten Untereinheit
(20a) gerichtet sind und anschließend ungebundene
magnetische Partikel (2) wegzuspülen.

8. Biosensorsystem nach einem der vorhergehenden
Ansprüche, wobei es sich bei den magnetischen Un-
tereinheiten (20a, 20b) um elektromagnetische Un-
tereinheiten handelt, die separat derart steuerbar
sind, dass die Magnetfeldstärke separat verändert
werden kann.

9. Biosensorsystem nach einem der vorhergehenden
Ansprüche, darüber hinaus die Kartusche (30) um-
fassend, welche die Sensorfläche (31) und die ma-
gnetischen Partikel (2) über der Oberseite (24a, 24b,
24c, 24d) befindlich umfasst.

10. Biosensorsystem nach einem der vorhergehenden
Ansprüche, darüber hinaus optische Erfassungsein-
richtungen umfassend, so dass es sich um ein Ma-
gnetbiosensorsystem mit verhinderter interner To-
talreflexion (FTIR) handelt.

11. Verfahren zum Aktivieren magnetischer Partikel (2),
das umfasst:

- Bereitstellen einer ersten Biosensormagneta-
nordnung (10), die zwei magnetische Unterein-
heiten (20a, 20b) umfasst, die jeweils einen Kern
(22a; 22b) mit einer Oberseite (24a, 24b, 24c,
24d) haben, die durch einen Zwischenraum (25)
abgetrennt ist,
- Bereitstellen einer zweiten Magnetanordnung
(40) über der Sensorfläche (31), um eine Kraft
auf magnetische Partikel (2) in der Kartusche
(30) auszuüben,
- Bereitstellen einer Biosensorkartusche (30),
die eine Sensorfläche (31) und magnetische
Partikel (2) umfasst, wobei sich die Kartusche
(30) und die Sensorfläche (31) über den Ober-
seiten (24a, 24b, 24c, 24d) der Kerne (22a, 22b)
befinden;
- Erzeugen, und zwar in der Biosensorkartusche
(30), eines Magnetfelds mit zur Sensorfläche
(31) im Wesentlichen parallelen Magnetfeldlini-
en zwischen der ersten Untereinheit (20a) und
der zweiten Untereinheit (20b), um Kräfte auf
die magnetischen Partikel (2) in der Kartusche
(30) auszuüben, wobei die magnetischen Un-
tereinheiten (20a, 20b) und die zweite Magne-
tanordnung (40) derart angeordnet sind, dass
Kräfte durch eine elektrische Steuerung einer
Steuereinrichtung (48) zur Sensorfläche (31) hin
und von der Sensorfläche (31) weg erzeugt wer-
den können.

12. Verfahren nach Anspruch 11, wobei das Magnetfeld
die Bewegung der magnetischen Partikel (2) lenkt,
die in einem ersten Bereich (A) der Biosensorkartu-
sche (30) vorhanden sind, und wobei die magneti-
schen Partikel (2), die in einem zweiten Bereich (B)
der Biosensorkartusche (30) vorhanden sind, daran
gehindert werden, sich in den ersten Bereich (A) zu
bewegen.

13. Verfahren nach Anspruch 11, einen Schritt umfas-
send, die Polarität mindestens einer der magneti-
schen Untereinheiten (20a, 20b) zu verändern.

14. Verfahren nach Anspruch 11, wobei die magneti-
schen Partikel durch die magnetischen Untereinhei-
ten in einer horizontalen und/oder vertikalen Position
in der Kartusche magnetisch gesteuert werden, um
eine vorbestimmte gesteuerte Diffusion in der Kar-
tusche zu erlangen.
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Revendications

1. Système de biodétection (1) comprenant :

- une cartouche de biodétection (30), compre-
nant une surface de détection (31) et des parti-
cules magnétiques (2) ;
- un premier ensemble d’aimant de biodétection
(10) destiné à générer un champ magnétique
dans la cartouche de biodétection (30), le pre-
mier ensemble d’aimant de biodétection (10)
comprenant deux sous-unités magnétiques
(20a, 20b) ayant chacune un coeur (22a ; 22b)
avec une surface supérieure (24a, 24b, 24c,
24d) séparée par un interstice (25) ; et
caractérisé en ce que le système de biodétec-
tion (1) est agencé de telle sorte que la cartou-
che (30) et la surface de détection (31) soient
positionnées au-dessus des surfaces supérieu-
res (24a, 24b, 24c, 24d) des coeurs (22a, 22b)
et en ce que les deux sous-unités (20a, 20b)
soient conçues pour générer un champ magné-
tique dans la cartouche (30) entre la première
sous-unité (20a) et la seconde sous-unité (20b)
avec des lignes de champ magnétique essen-
tiellement parallèles à la surface de détection
(31) de façon à exercer des forces au niveau
des particules magnétiques (2) placées dans la
cartouche (30) ; et
- un second ensemble d’aimant (40) qui est
agencé au-dessus de la surface de détection
(31) pour exercer une force sur les particules
magnétiques (2) dans la cartouche (30) et dans
lequel les sous-unités magnétiques (20a, 20b)
et le second ensemble d’aimant (40) sont agen-
cés de telle sorte que des forces peuvent être
générées en direction de la surface de détection
(31) et de façon à s’écarter de la surface de dé-
tection (31) par commande électrique d’un
moyen de commande (48).

2. Système de biodétection selon la revendication 1,
dans lequel au moins une des sous-unités magné-
tiques (20a, 20b) est une sous-unité électromagné-
tique et dans lequel la force de champ magnétique
de chaque sous-unité magnétique (20a, 20b) peut
être changée séparément grâce à la commande
électrique du moyen de commande (48), permettant
ainsi de changer la direction et/ou l’amplitude des
forces magnétiques.

3. Système de biodétection selon la revendication 1 ou
2, dans lequel la surface supérieure (24a, 24b, 24c,
24d) est alignée dans une direction orientée vers la
surface de détection (31), tandis que le coeur (22a,
22b) est aligné verticalement.

4. Système de biodétection selon l’une quelconque des

revendications précédentes, dans lequel le coeur
(22a, 22b) avec la surface supérieure (24a, 24b, 24c,
24d) a une section inclinée (26a, 26b) inclinée de
100° à 170°, de préférence de 120° à 150°, par rap-
port à la perpendiculaire de la surface de détection
(31) de la cartouche de biodétection (30).

5. Système de biodétection selon l’une quelconque des
revendications précédentes, dans lequel chacune
des surfaces supérieures (24a, 24b, 24c, 24d) a une
section plane (28a, 28b) espacée entre 0,1 mm à 5
mm par rapport à la surface de détection (31).

6. Système de biodétection selon l’une quelconque des
revendications précédentes, dans lequel le premier
et/ou le second ensemble d’aimant de biodétection
(10, 40) est agencé pour générer un gradient de
champ magnétique prédéterminé dans une direction
parallèle et/ou perpendiculaire à la surface de dé-
tection (31) dans la cartouche de biodétection (30).

7. Système de biodétection selon l’une quelconque des
revendications précédentes, dans lequel les deux
sous-unités magnétiques (20a, 20b) sont conçues
pour générer les lignes de champ magnétique diri-
gées depuis la première sous-unité (20a) vers la se-
conde sous-unité (20b) et depuis la seconde sous-
unité (20b) vers la première sous-unité (20a) consé-
cutivement pour éloigner les particules magnétiques
(2) non liées.

8. Système de biodétection selon l’une quelconque des
revendications précédentes, dans lequel les sous-
unités magnétiques (20a, 20b) sont des sous-unités
électromagnétiques commandables séparément de
telle sorte que la force de champ magnétique puisse
être changée séparément.

9. Système de biodétection selon l’une quelconque des
revendications précédentes, comprenant en outre
ladite cartouche (30) comprenant ladite surface de
détection (31) et lesdites particules magnétiques (2)
à positionner au-dessus de la surface supérieure
(24a, 24b, 24c, 24d).

10. Système de biodétection selon l’une quelconque des
revendications précédentes, comprenant en outre
un moyen de détection optique prenant la forme d’un
système de biodétection magnétique à réflexion to-
tale interne frustrée (FTIR, Frustrated Total Internal
Reflection en anglais).

11. Procédé d’actionnement de particules magnétiques
(2) qui comprend :

- la mise à disposition d’un premier ensemble
d’aimant de biodétection (10) comprenant deux
sous-unités magnétiques (20a, 20b) ayant cha-
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cune un coeur (22a ; 22b) avec une surface su-
périeure (24a, 24b, 24c, 24d) séparée par un
interstice (25) ;
- la mise à disposition d’un second ensemble
d’aimant (40) au-dessus de la surface de détec-
tion (31) de façon à exercer une force sur les
particules magnétiques (2) placées dans la car-
touche (30) ;
- la mise à disposition d’une cartouche de bio-
détection (30) comprenant une surface de dé-
tection (31) et des particules magnétiques (2),
la cartouche (30) et la surface de détection (31)
étant positionnées au-dessus des surfaces su-
périeures (24a, 24b, 24c, 24d) des coeurs (22a,
22b) ;
- la génération d’un champ magnétique dans la
cartouche de biodétection (30) avec les lignes
de champ magnétique entre la première sous-
unité (20a) et la seconde sous-unité (20b) qui
sont essentiellement parallèles à la surface de
détection (31) en vue d’exercer des forces au
niveau des particules magnétiques (2) dans la
cartouche (30), les sous-unités magnétiques
(20a, 20b) et le second ensemble d’aimant (40)
étant agencés de telle sorte que les forces peu-
vent être générées en direction de la surface de
détection (31) et de façon à s’écarter de la sur-
face de détection (31) par commande électrique
d’un moyen de commande (48).

12. Procédé selon la revendication 11, dans lequel le
champ magnétique dirige le mouvement des parti-
cules magnétiques (2) présentes dans une première
région (A) de la cartouche de biodétection (30) et
dans lequel les particules magnétiques (2) présen-
tes dans une seconde région (B) de la cartouche de
biodétection (30) sont entravées dans leur pénétra-
tion dans la première région (A).

13. Procédé selon la revendication 11, comprenant une
étape de changement de la polarité d’au moins une
des sous-unités magnétiques (20a, 20b).

14. Procédé selon la revendication 11, dans lequel les
particules magnétiques sont commandées magné-
tiquement dans la position horizontale et/ou verticale
dans la cartouche par les sous-unités magnétiques
de façon à obtenir une diffusion commandée prédé-
terminée dans la cartouche.
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