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A magnetic system for biosensors

The invention relates to a magnetic system for biosensors.

For the conditioning biomaterial in order to reach an effective evaluation
of biomaterial components, the biomaterial has to be brought into a closer contact to the
surface of the biosensor. Therefore an attracting force to the biomaterial must be
generated. This is usually realised by magnetic beads, which will be chemically or
physically bound to the biomaterial. A magnetic attraction force must be generated near
the sensor surface.

Magnetic actuation is crucial for the operation of biosensors. Firstly, it
speeds up the concentration and therefore the binding process of the magnetic particles
at the sensor surface. Secondly, magnetic washing can replace the traditional wet
washing step, which is more accurate and reduces the number of operating actions.

Compared to the chip dimensions, large external electro-magnets are used
for actuation in order to achieve homogenecous field gradients at the sensor surface and
large penetration depth over the entire sample volume. These qualities are hard to
achieve with integrated actuation structures.

The used biosensors of biochips have promising properties for bio-
molecular diagnostics in terms of sensitivity, specificity, integration, ease of use and

costs.

Examples of such biochips are given in WO 2003054566, which describe

excitation with uniform magnetic fields.
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A biosensor is based on the detection of super-paramagnetic beads and
may be used to simultancously measure the concentration of a large number of different
biological molecules in a solution of biomaterial.

So the sensor-surface must have a close contact to the biomaterial which
can be caused, by bringing the biomaterial very close to the sensor surface with the help
of the mentioned magnetic beads. The other side is that after measuring the biomaterial
must be washed away, in order to condition the sensor surface for the next measurement.

This can also be realised with the magnetic beads mixed with the
biomaterial, thus generating a magnetic repulsion force near the sensor surface.

Normally, a magnetic force induced by a magnet or a electromagnet is
directed towards the magnet. Therefore, two magnets are needed for inducing a
magnetic force towards the sensor surface, the so called sedimentation, and away from

the sensor surface, the so called washing.

It is an object of the present invention, to provide a magnetic system with
the aforesaid properties which can switch between attraction force and repulsion force
near the sensor surface.

The stated object is achieved for a magnetic system for biosensors by
characterizing features of patent claim 1.

Further embodiments of this magnetic system are characterized in the
dependant claims 2 — 7.

The stated object is also achieved for operating a magnetic system for
biosensors, by characterizing features of patent claim 8.

Further embodiments of this method are characterized in dependent
claims 9 — 10.

The stated object of the invention is achieved for a magnetic system for
biosensors, with at least a coil and a ferromagnetic core generating a magnetic field, and
a sensor or sensor surface which corresponds with the magnetic field in a way, that the

ferromagnetic core is equipped with an opening on the side at which the sensor is
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3
located, in order to produce a local high density of inhomogeneous magnetic field lines,
along which the sensor is movable between at least two definable positions.

This invention considers a magnet which can do it both. Besides a normal

attraction force, this magnet is also capable of applying a repulsive force.

Also, power consumption is a big issue in portable point-of-care
applications. Therefore, it is important to maximize the force that can be generated with
an electro-magnet. When the special magnet disclosed in this invention is used in
combination with a normal magnet or electromagnet, the magnitude of the magnetic
force can be increased substantially. It is also possible to create the same force at much
lower currents compared to the situation in which only standard magnets are used.

So one of the essential features of the invention is the opening in the
magnetic core, especially also the special shape of the opening. This causes a magnetic
attraction force near the surface in a defined near distance and in a farer distance a
repulsion force on the biomaterial conditioned with the magnetic beads. So it is essential
to switch between the magnetic force directions by a single magnetic system, by
changing the relative position between the magnet and the sensor surface.

An embodiment of the invention discloses an opening in the magnetic
core which is a cylindrical blind hole, and another advantageous opening in the core is a
cone-shaped hole or opening.

In both cases inhomogeneous magnetic field lines are induced, which
cause in a defined distance region an attractive force and in another distance a repulsive
force. It is essential to this invention that both force directions are given by only one
magnetic core.

A further embodiment of the invention is that the sensor is movable
between the inside and the outside of the opening. With other words, this means that the
sensor can be driven in both force direction positions.

A further embodiment is that a second magnet is arranged adjacent to the
magnet, which are separated over a gap, in which the position of the sensor, that means
at least the sensor surface is movable. This special magnetic system is an intensifying

magnetic system with high magnetic forces.
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For the advantageous use for biosensors, an embodiment of the invention
discloses that the sensor is an array of several sensors. This results in a very effective
sensor with a big resulting sensor-active surface.

A further embodiment of the invention is that the definable end positions
of the sensor movement can be optimized by a magnetic field sensor, which can be
moved simultaneously with the sensor, in order to evaluate optimal extremes of the
magnetic flux. By this, the magnetic forces generated near the sensor surface can be
optimized in their strength in order to generate maximum magnetic force in attraction
mode as well as in repulsion mode. This causes an intense contact to the biomaterial in
sensing modus, as well as an optimal repulsion in washing modus.

A further object of the invention is a method which uses a magnetic
system for biosensors as described, by which a sensing material or liquid is dispersed
with or chemically bound to microscopic magnetic beads, and the sensor chip is moved
in a close position to the opening in the magnetic core, in order to generate magnetic
repulsion near the sensor surface area to wash the surface by repulsion forces of the
magnetic beads, and the sensor chip is moved in a defined distance of the core in order
to generate attraction forces to the magnetic beads for sensing the bio-substrate in a very
close contact to the sensor surface.

By switching between the two distance positions, the sensor can be
switched between optimized measuring modus and optimized washing modus.

An embodiment of the method is characterized in that the movement
between sensor or sensor-chip and magnetic core is a relative movement, by which the
core is moved in such a way that a first sensor position is out of the opening in the
magnetic core, being in the influence of the attractive force area, and one sensor position
is inside the opening of the magnetic core, in the influence of the repulsive force area.

This movement is relative, so moving the sensor chip or moving the coil
with the magnet core results in the same relative position to each other.

A last embodiment of the method is characterized in that in a magnetic
arrangement two magnets are separated by a gap, so that the relative position of the

sensor is between the inside of the opening of one magnetic core and the inside of the
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gap between the two magnetic cores.

Different embodiments of the invention are shown in figure 1 to figure 5.

Figure 1 shows a first embodiment of the invention, by which the opening
3 in the magnetic core 1 is cylindrical. In contrast to a core without an opening, ¢.g. with
a plane surface for the escape of magnetic field lines which can only cause attractive
magnetic force, the cylindrical opening 3 causes such an inhomogeneous field,
represented by the magnetic field lines 4, that in dependency to the distance from the
bottom of the opening towards outwards the magnetic core, the effected magnetic force
change its direction two times. So in dependency of the actual relative sensor positions,
which can be changed mechanically, the sensor can be shifted into the attractive or into
the repulsive force area of the field of the magnet system.

Figure 2 shows another embodiment, in which the opening 3 is cone-
shaped. This special shape cause a field in which the magnetic force is strongly repulsive
and another distance in which it is attractive.

This special shape of the opening causes a greater repulsion force than the
cylindrical opening shown in figure 1.

In both embodiments only one coil 2 is needed for both attracting the
magnetic beads for sedimentation, and repelling of the magnetic beads for washing. Just
only by translation of the coil or the sensor, the actual magnetic force can be switched
between attractive force and repulsive force.

Figure 3 and figure 4 show the two end positions of the sensor-chip-
movement. Fig. 3 shows the status, at which the sensor chip 5 or the coil 2 within the
magnetic core 1 is mechanically translated for a defined relative distance, so that the
repulsive area 6 of the magnet ends under the sensor chip 5, so that the area above the
sensor chip is influenced by the attractive magnetic force. Consequently, the magnetic
force in this area attracts the magnetic beads in the biomaterial in order to speed up the
sedimentation of it on the sensor surface.

In figure 4 is shown the other relative end position, where the sensor chip
5 is inside the opening 3, so that the repulsive magnetic area 6 is effective above the

sensor chip 5. In this position a repulsive force on the magnetic beads in the biomaterial
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6
is generated, so that it is repelled, or in other words, washed from the sensor surface
quickly.

The magnitude of the magnetic force is very important for the desired
effect of sedimentation and washing. The force is linear proportional to the speed of the
magnetic beads and therefore also to the sedimentation time. More important is that a
certain force has to be overcome in order to wash the non-specific beads from the
surface. Using a second coil can boost the force.

This second coil 7 is a normal coil in vicinity of the special coil 2, between
which the sensor chip 5 is arranged. So the sensor or sensor chip 5 is moved inside this
gap 8, or alternatively the magnet comprising the second coil 7 and the special coil 2 is
translated with the same resulting effect. A configuration of such a system is shown in
figure 5. The effective force, using both magnetic coils, is boosted a factor of nearly 4
compared to the system with only one coil as described above. Compared to a system
that only uses a conventional coil, a boosting factor of more than 10 is achieved, the
magnetic force being effective on the sensor chip 5 is enhanced by a factor of 10.

This boosting property of the system has some major benefits. Less
current is needed in order to achieve the same amount of force. By this, the system can
be sustained with less or even without active cooling of the coils. Less current and less
active cooling saves a lot of power, which is very important for portable point-of-care
applications of the biosensors.

The sensor can be any suitable sensor to detect the presence of magnetic
particles on or near to a sensor surface, based on any property of the particles, e.g. it can
detect via magnetic methods for example magnetoresistive methods, Hall methods, coils
etc, as well as optical methods like imaging, fluorescence, chemiluminescence,
absorption, scattering, surface plasmon resonance, etc. Also, sonic detection is possible ,
that means generation and detection of surface acoustic wave, bulk acoustic wave,
cantilever, quartz crystal etc, as well as electrical detection like conduction, impedance,
amperometric, redox cycling, etc. Moreover, the sensor can be any suitable magnetic
sensor based on the detection of the magnetic properties of particles to be measured on

or near to the sensor surface. Therefore, the magnetic sensor is designable as a coil,
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7
magneto-resistive sensor, magneto-restrictive sensor, Hall sensor, planar Hall sensor,
flux gate sensor, SQUID (Semiconductor Superconducting Quantum Interference
Device), magnetic resonance sensor, or as another sensor actuated by a magnetic field.

The labels can be detected directly by the sensing method. As well, the
particles can be further processed prior to detection. An example of further processing is
that materials are added or that the chemical, biochemical or physical properties of the
label are modified to facilitate detection.

The detection can occur with or without scanning of the sensor element
with respect to the biosensor surface. In addition to molecular assays, also larger
moieties can be detected, e.g. cells, viruses, or fractions of cells or viruses, tissue extract,
etc.

Measurement data can be derived as an end-point measurement, as well
as by recording signals kinetically or intermittently.

The device and method can be used with several biochemical assay types,
e.g. binding/unbinding assay, sandwich assay, competition assay, displacement assay,
enzymatic assay, etc.

The device, methods and systems of this invention are suited for sensor
multiplexing, for example the parallel use of different sensors and sensor surfaces, label
multiplexing for example the parallel use of different types of labels, and chamber
multiplexing for example the parallel use of different reaction chambers.

The device, methods and systems described in the present invention can
be used as rapid, robust, and easy to use point-of-care biosensors for small sample
volumes. The reaction chamber can be a disposable item to be used with a compact
reader, containing the one or more magnetic field generating means and one or more
detection means. Also, the device, methods and systems of the present invention can be
used in automated high-throughput testing. In this case, the reaction chamber is e.g. a
well plate or cuvette, fitting into an automated instrument.

Figure 6 shows optical means for the aforesaid optical or optoelectronical
detection.

Optical labels offer some desirable properties:
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- Many detection possibilities like imaging, fluorescence, absorption,
scattering, turbidometry, SPR (Surface Plasmon Resonance), SERRS (Surface-and
Resonance-Enhanced Raman Scattering), luminescence, chemiluminescence,
electrochemiluminescence, FRET (Fluorescence Resonance Energy Transfer), etc.

- Imaging possibility offers high multiplexing.

- Optical labels are generally small and do not influence the assay too
much.

A good combination would be to use magnetic labels that can be actuated
by applying magnetic field gradients and that can be detected optically. An advantage is
that optics and magnetics are orthogonal in the sense that in most cases optical beams do
not show interference with magnetic fields and vice versa. This means that magnetic
actuation would be ideally suited for combination with optical detection. Problems such
as sensor disturbance by the actuation fields are eliminated.

The problem of combining magnetic actuation and optical detection is in
the geometrical constraint. To develop a cartridge technology that is compatible with
magnetic actuation means, typically an electromagnet needs to operate at a small
distance between magnet and sensor surface. An optical system needs to scan the same
surface, possible with high-NA (Narrow Angle) optics. The opto-mechanical set-up and
the electromagnet therefore hinder each other when integrating a concept with magnetic
actuation and optical detection. Preferably, a configuration with a magnet on only one

side 1s needed. This magnet is able to generate a switchable magnetic field.
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CLAIMS:

1. A magnetic system for biosensors, with at least a coil and a ferromagnetic
core generating a magnetic field, and a sensor or sensor-surface which
corresponds with the magnetic field in a way, that the ferromagnetic core is
equipped with an opening at the side at which the sensor is located, in order to
produce a local high density of inhomogeneous magnetic field lines, along which

the sensor is movable between at least two definable positions.

2. A magnetic system for biosensors according to claim 1, characterized in

that the opening in the magnetic core is a cylindrical blind hole.

3. A magnetic system for biosensors according to claim 1, characterized in

that the opening in the core is a cone shaped hole or opening.

4. A magnetic system for biosensors according to claim 2 or 3, characterized

in that the sensor is movable between inside and outside of the opening.

5. A magnetic system for biosensors according to claim 1, characterized in
that adjacent to the magnet a second magnet is arranged, separated over a gap, in

which the position of the sensor, at least the sensor surface, is movable.

6. A magnetic system for biosensors according to one of the aforesaid

claims, characterized in that the sensor is an array of several sensors.

7. A magnetic system for biosensors according to one of the aforesaid

claims, characterized in that the definable end positions of the sensor movement
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10
can be optimized by a magnetic field sensor, which can be moved simultancously

with the sensor, in order to evaluate optimal extremes of the magnetic flux.

Method for operating a magnetic system with biosensor as described in
one of the aforesaid claims, by which a sensing material or liquid is dispersed
with or chemically bound to microscopic magnetic beads, and the sensor chip is
moved in a close position to the opening in the magnetic core, in order to
generate magnetic repulsion near the sensor surfaces area to wash the surface by
repulsion forces of the magnetic beads, and the sensor chip is moved in a defined
distance of the core in order to generate attraction forces to the magnetic beads

for sensing the bio-substrate in a very close contact to the sensor surface.

Method according to claim 8, characterized in that the movement
between sensor or sensor-chip and magnetic core is a relative movement, by
which the core is moved in such a way that a first sensor position is outside of
the opening in the magnetic core, thus being in the influence of the attractive
force area, and one sensor position is inside the opening of the magnetic core, in

the influence of the repulsive force area.

Method according to claim 8 or 9, characterized in that in a magnetic
arrangement with two magnets separated by a gap, the relative position of the
sensor is between the inside of the opening of one magnetic core and the inside

of the gap between the two magnetic cores.
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