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Description

[0001] The present invention relates to an arrange-
ment for influencing and/or detecting magnetic particles
in a region of action. Furthermore, the invention relates
to a method for influencing and/or detecting magnetic
particles in a region of action.
[0002] The arrangement and the method of this kind
is known from German patent application DE 101 51 778
A1. In the case of the method described in that publica-
tion, first of all a magnetic field having a spatial distribution
of the magnetic field strength is generated such that a
first sub-zone having a relatively low magnetic field
strength and a second sub-zone having a relatively high
magnetic field strength are formed in the examination
zone. The position in space of the sub-zones in the ex-
amination zone is then shifted, so that the magnetization
of the particles in the examination zone changes locally.
Signals are recorded which are dependent on the mag-
netization in the examination zone, which magnetization
has been influenced by the shift in the position in space
of the sub-zones, and information concerning the spatial
distribution of the magnetic particles in the examination
zone is extracted from these signals, so that an image
of the examination zone can be formed. Such an arrange-
ment and such a method have the advantage that it can
be used to examine arbitrary examination objects - e. g.
human bodies - in a non-destructive manner and without
causing any damage and with a high spatial resolution,
both close to the surface and remote from the surface of
the examination object.
[0003] Known arrangements of this type have shown
the disadvantage that coils used to generate a magnetic
field or a magnetic field component and/or coils used to
detect varying magnetic fields are unsatisfactory, espe-
cially in that such coils show a relatively small signal-to-
noise ratio.
[0004] An arrangement and a method of the kind men-
tioned initially is also described in GLEICH B ET AL:
"Magnetic particle imaging (MPI)" MEDICAMUNDI,
PHILIPS MEDICAL SYSTEMS, SHELTON, CT, US, vol.
50, no. 1, 1 May 2006 (2006-05-01), pages 66-71. This
article discloses an arrangement comprising the features
of the preamble of claim 1. Various devices, including
Magentic Resonance Imaging devices, using Litz wires
are disclosed in EP 1 145 738 A2, US 4,963,694, JP
11-232936, CHARLES R SULLIVAN: "Optimal Choice
for Number of Strands in a Litz-Wire Transformer Wind-
ing" IEEE TRANSACTIONS ON POWER ELECTRON-
ICS, IEEE SERVICE CENTER, PISCATAWAY, NJ, US,
vol. 14, no. 2, 1 March 1999 (1999-03-01), T. Grafend-
orfer et al., "Can Litz Coils benefit SNR in Remotely Po-
larized MRI", Proc. Intl. Soc. Mag. Reson. Med. 13, 2005,
p. 923 and T. Grafendorfer et al., "Optimized Litz Coil
Desing for Prepolarized Extremity MRI", Proc. Intl. Soc.
Mag. Reson. Med. 14, 2006, p. 2613.
[0005] It is therefore an object of the present invention
to provide an arrangement and a method of the kind men-

tioned initially, in which the quality of the magnetic field
generating means and/or the quality of the magnetic field
detecting means is improved.
[0006] The above object is achieved by an arrange-
ment for influencing and/or detecting magnetic particles
in a region of action as defined in claim 1 and a method
as defined in claim 10. Preferred embodiments are de-
fined in the dependent claims. It is to be understood that
the selection means and/or the drive means and/or the
receiving means can at least partially be provided in the
form of one single coil or solenoid. However, it is preferred
that separate coils are provided to form the selection
means, the drive means and the receiving means. Fur-
thermore, the selection means and/or the drive means
and/or the receiving means can each be composed of
separate individual parts, especially separate individual
coils or solenoids, provided and/or arranged such that
the separate parts form together the selection means
and/or the drive means and/or the receiving means. Es-
pecially for the drive means and/or the selection means,
a plurality of parts, especially pairs for coils (e.g. in a
Helmholtz or Anti-Helmholtz configuration) are preferred
in order to provide the possibility to generate and/or to
detect components of magnetic fields directed in different
spatial directions.
[0007] According to the present invention, the litz wire
comprises a plurality of individual wires, each individual
wire being surrounded by an electrically high resistive
material. It is thereby possible to provide a very high cur-
rent supporting surface inside the litz wire which is im-
portant both for the case that an AC current with a com-
parably high frequency is to be supported by the litz wire
and for the case that a DC current or an AC current having
a comparably low frequency is to be supported by the litz
wire but in the presence of a static and/or an dynamic
magnetic field that penetrates the litz wire. According to
the present invention, it is preferred that the litz wire is
spun such that one individual wire is e.g. in the center of
the litz wire at one position along the extension direction
of the litz wire and that this individual wire is e.g. in the
periphery of the litz wire at another position along the
extension direction of the litz wire. Thereby it is possible
that each one of all the individual wires is preferably pro-
vided such that, e.g. in a loop formed by the litz wire, the
same impedance is realized by each individual wire. The
litz wire comprises a plurality of first order litz wires com-
prising a plurality of individual wires, wherein the litz wire
comprises a plurality of first order litz wires. In accordance
with the present invention, the litz wire comprises a plu-
rality of first order litz wires and a plurality of second order
litz wires, wherein the first order litz wires comprise a
plurality of individual wires, and wherein the second order
litz wires comprise a plurality of first order litz wires.
Thereby, an increase in current supporting surface is
possible and the complexity of the handling requirements
- especially the possibility of bending the litz wire (in order
to form solenoids or coils) comprising a multitude of in-
dividual wires - are reduced. It is preferred that the re-
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sistance (real part of the impedance) of the receiving
means is dominated by thermal noise, especially gener-
ated by thermal noise due to the presence of the magnetic
particles in the region of action, i.e. the resistance of the
current supporting paths without the presence an object
(of examination) in the region of action is comparable or
smaller than the resistance in presence of an object in
the region of action. This is achieved in particular by
means of carefully defining the individual current paths
(individual wires), current strength, wire configuration
and other characteristics of the litz wire of the receiving
means.
[0008] In a preferred embodiment of the present inven-
tion, the litz wire comprises at least partially a ferromag-
netic material. This is very advantageous in a situation
where the ferromagnetic material and the corresponding
litz wire serves to guide the magnetic field, especially of
the magnetic selection field and/or the magnetic drive
field. Preferably, the litz wire containing the ferromagnetic
material is positioned at a location where the ferromag-
netic material is in saturation.
[0009] Furthermore, it is preferred that the litz wire is
at least partially used for the selection means and/or for
the drive means and that the litz wire of the selections
means is at least partially penetrated by the magnetic
drive field of the drive means and/or that the litz wire of
the drive means is at least partially penetrated by the
magnetic selection field of the selection means. The pen-
etration of one of the selection means or the drive means
by the magnetic fields of the other component of the in-
ventive arrangement is preferably realized by means of
placing the selection means or the drive means pene-
trated by the magnetic field of the other component in a
greater proximity to the region of action than the other
component. Thereby, the penetrating magnetic field is
comparably strong at the location of the penetrated se-
lection means or drive means. The penetration of the
penetrating magnetic field influences the conducting
properties of the penetrated selection means or drive
means. According to the present invention, it is very ad-
vantageous to take into consideration this change in con-
ducting properties of the penetrated selection means or
drive means such that the resistance of the selection
means or the drive means is as low as possible in the
given environment or penetration pattern. The selection
means and the drive means together are also called "field
generator means". The selection means comprise mag-
netic field generation means that provide either a static
(gradient) magnetic selection field and/or a comparably
slowly changing long range magnetic selection field with
frequencies in the range of about 1 Hz to about 100 Hz.
Both the static part and the comparably slowly changing
part of the magnetic selection field can be generated by
means of a permanent magnet or by means of coils or
by a combination thereof. The drive means comprise
magnetic field generation means that provide a magnetic
drive field with frequencies in the range of about 1 kHz
to about 200 kHz, preferably about 10 kHz to about 100

kHz. At least part of the field generator means (i.e. the
selection means and the drive means) can be implement-
ed by discrete coils where the diameter of the individual
wires of each coil or of each field generator means has
to be chosen in such a way that the skin effect does not
increase the resistance of the coil. Normally, the maxi-
mum possible wire diameter would be chosen as in that
case the filling factor is maximal and therefore the dissi-
pation minimal. However, it is very advantageous in an
arrangement according to the present invention that due
to the use of litz wire in at least a part of the generator
means, the generated magnetic field of one of the gen-
erator means (selection means and/or drive means) pen-
etrates the other field generator means (selection means
and/or drive means) reducing thereby overall dissipation.
In a further preferred embodiment of the present inven-
tion, the number of turns of the components of the field
generator means, especially the coils, is limited as well
as the winding to winding capacitances are minimized.
This can be realized by means of a low dielectric constant
of the materials between the windings, by the winding in
blocks and by a sufficient separation of the windings,
especially for the coils of the selection means. One of
the advantages of these measures is that within the in-
ventive arrangement, the self-resonances of the individ-
ual coils of the field generator means are such that they
do not overlap with the drive frequency (except for the
coils of the drive means). Such an overlap would cause
undesirable field distortions and additional dissipation.
[0010] In still a further preferred embodiment of the
present invention, the litz wire is arranged such that the
resistance in a given working frequency band and in a
given electromagnetic field penetrating the litz wire is
substantially minimal, i.e. dominated by thermal noise,
especially generated by thermal noise due to the pres-
ence of the magnetic particles in the region of action, i.e.
the resistance of the current supporting paths without the
presence an object (of examination) in the region of ac-
tion is comparable or smaller than the resistance in pres-
ence of an object in the region of action. This is achieved
in particular by means of carefully defining the individual
current paths (individual wires), current strength, wire
configuration and other characteristics of the litz wire of
the selection means and/or of the drive means.
[0011] Furthermore, it is preferred that the litz wire has
a ratio of the summed cross sectional area of the individ-
ual wires relative to the cross sectional area of the litz
wire (filling factor) of about 0,30 to about 0,70, preferably
of about 0,40 to about 0,60, very preferably about 0,50
or wherein the litz wire (250) has a ratio of the summed
cross sectional area of the individual wires (255) relative
to the cross sectional area of the litz wire (250) (filling
factor) of about 0,01 to about 0,20, preferably of about
0,03 to about 0,10 and/or that the individual wires of the
litz wire have a diameter of approximately 1 mm to ap-
proximately 50 mm, preferably of approximately 10 mm
to approximately 25 mm. It is thereby possible to greatly
enhance the used current supporting surface inside the
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litz wire and therefore to realise a reduced resistance of
the overall configuration of the selection means and/or
of the drive means and/or of the receiving means. Typi-
cally, the filling factor of the litz wire of the selection means
and/or of the drive means is in the range of about 0,30
to about 0,70, preferably in the range of around 0,50, and
therefore higher than the filling factor of the litz wire of
the receiving means which is in the range of about 0,01
to about 0,20, preferably in the range of about 0,03 to
about 0,10.. Furthermore, the diameter of the individual
wires of the litz wire of the selection means and of the
drive means can be chosen higher than the diameter of
the individual wires of the litz wire of the receiving means.
[0012] In a further preferred embodiment of the present
invention, the litz wire is a compressed litz wire and/or
the litz wire comprises a multitude of thermoplastic resin
wires. It is very advantageous that thereby a very dense
and stable configuration of the current supporting paths
(individual wires) inside the litz wire is possible, thereby
decreasing the resistance of the litz wire. Additionally, it
is very advantageous that thereby the filling factor of the
litz wire can be adjusted to a desired level by varying the
pressure of the compression undergone by the litz wire.
Furthermore, the filling factor of the litz wire can be ad-
justed to a desired level by varying the number and/or
the size of additional resin wires. These resin wires (ther-
moplastic wires) are preferably spun together with the
individual wires of the litz wire and/or together with the
first order litz wires and/or together with the second order
litz wires.
[0013] According to a further preferred embodiment of
the present invention, the space between different litz
wires or space inside the litz wire is used for one or a
plurality of cooling channels. Thereby, it is advanta-
geously possible to easily define the temperature of the
different components of the arrangement according to
the present.
[0014] Furthermore, it is preferred that the selection
means and/or the drive means and/or the receiving
means comprises an at least partially disk shaped coil.
It is thereby possible to provide coils with an improved
performance regarding e.g. the filling factor, the mechan-
ical stability and the possibility for providing a cooling to
the current supporting wires.
[0015] These and other characteristics, features and
advantages of the present invention will become appar-
ent from the following detailed description, taken in con-
junction with the accompanying drawings, which illus-
trate, by way of example, the principles of the invention.
The description is given for the sake of example only,
without limiting the scope of the invention as defined in
the appended claims. The reference figures quoted be-
low refer to the attached drawings.

Figure 1 illustrates an arrangement according to the
present invention for carrying out the method accord-
ing to the present invention.
Figure 2 illustrates an example of the field line pattern

produced by an arrangement according to the
present invention
Figure 3 illustrates an enlarged view of a magnetic
particle present in the region of action.
Figures 4a and 4b illustrate the magnetization char-
acteristics of such particles.
Figures 5 to 7 illustrate schematically different ex-
amples of litz wire configurations, wherein figures 5
and 6 show embodiments useful for understanding
the invention, and fig. 7 shows an embodiment in
accordance with the present invention.
Figures 8 to 11 illustrate schematically different ex-
amples of disk shaped coil configurations.
Figure 12 illustrates schematically an example of a
method of producing a disk shaped coil.

[0016] The present invention will be described with re-
spect to particular embodiments and with reference to
certain drawings but the invention is not limited thereto.
The scope of the invention is defined by the claims. The
drawings described are only schematic and are nonlim-
iting. In the drawings, the size of some of the elements
may be exaggerated and not drawn on scale for illustra-
tive purposes.
[0017] Where an indefinite or definite article is used
when referring to a singular noun, e.g. "a", "an", "the",
this includes a plural of that noun unless something else
is specifically stated.
[0018] It is to be noticed that the term "comprising",
used in the present description and claims, should not
be interpreted as being restricted to the means listed
thereafter; it does not exclude other elements or steps.
Thus, the scope of the expression "a device comprising
means A and B" should not be limited to devices consist-
ing only of components A and B.
[0019] In Figure 1, an arbitrary object to be examined
by means of an arrangement 10 according to the present
invention is shown. The reference numeral 350 in Figure
1 denotes an object, in this case a human or animal pa-
tient, who is arranged on a patient table, only part of the
top of which is shown. Prior to the application of the meth-
od according to the present invention, magnetic particles
100 (not shown in Figure 1) are arranged in a region of
action 300 of the inventive arrangement 10. Especially
prior to a therapeutical and/or diagnostical treatment of,
for example, a tumor, the magnetic particles 100 are po-
sitioned in the region of action 300, e.g. by means of a
liquid (not shown) comprising the magnetic particles 100
which is injected into the body of the patient 350.
[0020] As an example of an embodiment of the present
invention, an arrangement 10 is shown in Figure 2 com-
prising a plurality of coils forming a selection means 210
whose range defines the region of action 300 which is
also called the region of treatment 300. For example, the
selection means 210 is arranged above and below the
patient 350 or above and below the table top. For exam-
ple, the selection means 210 comprise a first pair of coils
210’, 210", each comprising two identically constructed
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windings 210’ and 210" which are arranged coaxially
above and below the patient 350 and which are traversed
by equal currents, especially in opposed directions. The
first coil pair 210’, 210" together are called selection
means 210 in the following. Preferably, direct currents
are used in this case. The selection means 210 generate
a magnetic selection field 211 which is in general a gra-
dient magnetic field which is represented in Figure 2 by
the field lines. It has a substantially constant gradient in
the direction of the (e.g. vertical) axis of the coil pair of
the selection means 210 and reaches the value zero in
a point on this axis. Starting from this field-free point (not
individually shown in Figure 2), the field strength of the
magnetic selection field 211 increases in all three spatial
directions as the distance increases from the field-free
point. In a first sub-zone 301 or region 301 which is de-
noted by a dashed line around the field-free point the
field strength is so small that the magnetization of parti-
cles 100 present in that first sub-zone 301 is not saturat-
ed, whereas the magnetization of particles 100 present
in a second sub-zone 302 (outside the region 301) is in
a state of saturation. The field-free point or first sub-zone
301 of the region of action 300 is preferably a spatially
coherent area; it may also be a punctiform area or else
a line or a flat area. In the second sub-zone 302 (i.e. in
the residual part of the region of action 300 outside of
the first sub-zone 301) the magnetic field strength is suf-
ficiently strong to keep the particles 100 in a state of sat-
uration. By changing the position of the two sub-zones
301, 302 within the region of action 300, the (overall)
magnetization in the region of action 300 changes. By
measuring the magnetization in the region of action 300
or a physical parameters influenced by the magnetiza-
tion, information about the spatial distribution of the mag-
netic particles in the region of action can be obtained. In
order to change the relative spatial position of the two
sub-zones 301, 302 in the region of action 300, a further
magnetic field, the so-called magnetic drive field 221, is
superposed to the selection field 211 in the region of ac-
tion 300 or at least in a part of the region of action 300.
[0021] Figure 3 shows an example of a magnetic par-
ticle 100 of the kind used together with an arrangement
10 of the present invention. It comprises for example a
spherical substrate 101, for example, of glass which is
provided with a soft-magnetic layer 102 which has a thick-
ness of, for example, 5 nm and consists, for example, of
an iron-nickel alloy (for example, Permalloy). This layer
may be covered, for example, by means of a coating
layer 103 which protects the particle 100 against chem-
ically and/or physically aggressive environments, e.g. ac-
ids. The magnetic field strength of the magnetic selection
field 211 required for the saturation of the magnetization
of such particles 100 is dependent on various parame-
ters, e.g. the diameter of the particles 100, the used mag-
netic material for the magnetic layer 102 and other pa-
rameters.
[0022] In the case of e.g. a diameter of 10 mm, a mag-
netic field of approximately 800 A/m (corresponding ap-

proximately to a flux density of 1 mT) is then required,
whereas in the case of a diameter of 100 mm a magnetic
field of 80 A/m suffices. Even smaller values are obtained
when a coating 102 of a material having a lower satura-
tion magnetization is chosen or when the thickness of
the layer 102 is reduced.
[0023] For further details of the preferred magnetic par-
ticles 100, the corresponding parts of DE 10151778 are
referred to, especially paragraphs 16 to 20 and para-
graphs 57 to 61 of EP 1304542 A2 claiming the priority
of DE 10151778.
[0024] The size of the first sub-zone 301 is dependent
on the one hand on the strength of the gradient of the
magnetic selection field 211 and on the other hand on
the field strength of the magnetic field required for satu-
ration. For a sufficient saturation of the magnetic particles
100 at a magnetic field strength of 80 A/m and a gradient
(in a given space direction) of the field strength of the
magnetic selection field 211 amounting to 160 103 A/m2,
the first sub-zone 301 in which the magnetization of the
particles 100 is not saturated has dimensions of about 1
mm (in the given space direction).
[0025] When a further magnetic field - in the following
called a magnetic drive field 221 is superposed on the
magnetic selection field 210 (or gradient magnetic field
210) in the region of action 300, the first sub-zone 301
is shifted relative to the second sub-zone 302 in the di-
rection of this magnetic drive field 221; the extent of this
shift increases as the strength of the magnetic drive field
221 increases. When the superposed magnetic drive
field 221 is variable in time, the position of the first sub-
zone 301 varies accordingly in time and in space. It is
advantageous to receive or to detect signals from the
magnetic particles 100 located in the first sub-zone 301
in another frequency band (shifted to higher frequencies)
than the frequency band of the magnetic drive field 221
variations. This is possible because frequency compo-
nents of higher harmonics of the magnetic drive field 221
frequency occur due to a change in magnetization of the
magnetic particles 100 in the region of action 300 as a
result of the non-linearity of the magnetization character-
istics.
[0026] In order to generate these magnetic drive fields
221 for any given direction in space, there are provided
three further coil pairs, namely a second coil pair 220’, a
third coil pair 220" and a fourth coil pair 220’" which to-
gether are called drive means 220 in the following. For
example, the second coil pair 220’ generates a compo-
nent of the magnetic drive field 221 which extends in the
direction of the coil axis of the first coil pair 210’, 210" or
the selection means 210, i.e. for example vertically. To
this end the windings of the second coil pair 220’ are
traversed by equal currents in the same direction. The
effect that can be achieved by means of the second coil
pair 220’ can in principle also be achieved by the super-
position of currents in the same direction on the opposed,
equal currents in the first coil pair 210’, 210", so that the
current decreases in one coil and increases in the other
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coil. However, and especially for the purpose of a signal
interpretation with a higher signal to noise ratio, it may
be advantageous when the temporally constant (or quasi
constant) selection field 211 (also called gradient mag-
netic field) and the temporally variable vertical magnetic
drive field are generated by separate coil pairs of the
selection means 210 and of the drive means 220.
[0027] The two further coil pairs 220", 220’" are pro-
vided in order to generate components of the magnetic
drive field 221 which extend in a different direction in
space, e.g. horizontally in the longitudinal direction of the
region of action 300 (or the patient 350) and in a direction
perpendicular thereto. If third and fourth coil pairs 220",
220’" of the Helmholtz type (like the coil pairs for the se-
lection means 210 and the drive means 220) were used
for this purpose, these coil pairs would have to be ar-
ranged to the left and the right of the region of treatment
or in front of and behind this region, respectively. This
would affect the accessibility of the region of action 300
or the region of treatment 300. Therefore, the third and/or
fourth magnetic coil pairs or coils 220", 220’" are also
arranged above and below the region of action 300 and,
therefore, their winding configuration must be different
from that of the second coil pair220’. Coils of this kind,
however, are known from the field of magnetic resonance
apparatus with open magnets (open MRI) in which an
radio frequency (RF) coil pair is situated above and below
the region of treatment, said RF coil pair being capable
of generating a horizontal, temporally variable magnetic
field. Therefore, the construction of such coils need not
be further elaborated herein.
[0028] The arrangement 10 according to the present
invention further comprise receiving means 230 that are
only schematically shown in Figure 1. The receiving
means 230 usually comprise coils that are able to detect
the signals induced by magnetization pattern of the mag-
netic particles 100 in the region of action 300. Coils of
this kind, however, are known from the field of magnetic
resonance apparatus in which e.g. a radio frequency (RF)
coil pair is situated around the region of action 300 in
order to have a signal to noise ratio as high as possible.
Therefore, the construction of such coils need not be fur-
ther elaborated herein.
[0029] In an alternative embodiment for the selection
means 210 shown in Figure 1, permanent magnets (not
shown) can be used to generate the gradient magnetic
selection field 211. In the space between two poles of
such (opposing) permanent magnets (not shown) there
is formed a magnetic field which is similar to that of Figure
2, that is, when the opposing poles have the same po-
larity. In another alternative embodiment of the arrange-
ment according to the present invention, the selection
means 210 comprise both at least one permanent mag-
net and at least one coil 210’, 210" as depicted in Figure
2.
[0030] The frequency ranges usually used for or in the
different components of the selection means 210, drive
means 220 and receiving means 230 are roughly as fol-

lows: The magnetic field generated by the selection
means 210 does either not vary at all over the time or
the variation is comparably slow, preferably between ap-
proximately 1 Hz and approximately 100 Hz. The mag-
netic field generated by the drive means 220 varies pref-
erably between approximately 25 kHz and approximately
100 kHz. The magnetic field variations that the receiving
means are supposed to be sensitive are preferably in a
frequency range of approximately 50 kHz to approxi-
mately 10 MHz.
[0031] Figures 4a and 4b show the magnetization char-
acteristic, that is, the variation of the magnetization M of
a particle 100 (not shown in Figures 4a and 4b) as a
function of the field strength H at the location of that par-
ticle 100, in a dispersion with such particles. It appears
that the magnetization M no longer changes beyond a
field strength + Hc and below a field strength -Hc, which
means that a saturated magnetization is reached. The
magnetization M is not saturated between the values +Hc
and -Hc.
[0032] Figure 4a illustrates the effect of a sinusoidal
magnetic field H(t) at the location of the particle 100
where the absolute values of the resulting sinusoidal
magnetic field H(t) (i.e. "seen by the particle 100") are
lower than the magnetic field strength required to mag-
netically saturate the particle 100, i.e. in the case where
no further magnetic field is active. The magnetization of
the particle 100 or particels 100 for this condition recip-
rocates between its saturation values at the rhythm of
the frequency of the magnetic field H(t). The resultant
variation in time of the magnetization is denoted by the
reference M(t) on the right hand side of Figure 4a. It ap-
pears that the magnetization also changes periodically
and that the magnetization of such a particle is periodi-
cally reversed.
[0033] The dashed part of the line at the centre of the
curve denotes the approximate mean variation of the
magnetization M(t) as a function of the field strength of
the sinusoidal magnetic field H(t). As a deviation from
this centre line, the magnetization extends slightly to the
right when the magnetic field H increases from -Hc to +Hc
and slightly to the left when the magnetic field H decreas-
es from +Hc to -Hc. This known effect is called a hyster-
esis effect which underlies a mechanism for the gener-
ation of heat. The hysteresis surface area which is formed
between the paths of the curve and whose shape and
size are dependent on the material, is a measure for the
generation of heat upon variation of the magnetization.
[0034] Figure 4b shows the effect of a sinusoidal mag-
netic field H(t) on which a static magnetic field Hl is su-
perposed. Because the magnetization is in the saturated
state, it is practically not influenced by the sinusoidal
magnetic field H(t). The magnetization M(t) remains con-
stant in time at this area. Consequently, the magnetic
field H(t) does not cause a change of the state of the
magnetization.
[0035] One important object according to the present
invention is to provide an arrangement such that the re-
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spective resistances of the selection means 210 (if the
magnetic selection field is generated by means of a cur-
rent), the drive means 220 and the receiving means 230
are as low as possible. It is proposed according to the
present invention to provide at least one of the selection
means 210, the drive means 220 and/or the receiving
means 230 at least partially with litz wire 250 which is
explained in greater details in Figures 5 to 7.
[0036] In Figures 5 to 7 the litz wire 250 of one or a
plurality of the selection means 210, the drive means 220
and/or the receiving means 230 is shown in a schematical
representation. Each of these figures represents a cross
sectional view of one embodiment of such a litz wire 250.
Each litz wire 250 comprises a multitude of individual
wires 255. The representations of the various embodi-
ments are not drawn to scale and the dimensions are
chosen for the sake of representation simplicity only. The
filling factor of the litz wire 250 can easily be evaluated
by means of summing up the cross sectional areas of
each of the individual wires 255 and dividing by the cross
sectional area of the complete litz wire 250. By means
of applying a pressure to the embodiments of the litz wire
250 represented in Figures 5 to 7 in a direction perpen-
dicularly to the longitudinal extension of the litz wire 250,
the filling factor can be enhanced. Each individual wire
255 is surrounded circumferentially by an electrically high
resistive material 256 which acts in the manner of a clad-
ding 256 for each individual wire 255. It is to be under-
stood that according to the present invention such a clad-
ding material 256 is present at each individual wire 255;
however such a continuous cladding 256 is not neces-
sary if the condition is fulfilled that each individual wire
255 of the litz wire 250 is electrically isolated from the
adjacent individual wires 250 between a first end 250’ of
the litz wire and a second end 250" of the litz wire 250.
The individual wires 255 of the litz wire 250 act as indi-
vidual current supporting paths 255 and can be regarded
as resistors connected in parallel and having ideally an
identical impedance as shown by the equivalent circuit
diagram represented on the right hand side in Figure 5.
Therefore it is preferred according to the present inven-
tion, that the litz wire is spun such that one individual wire
is e.g. in the center of the litz wire at one position along
the extension direction of the litz wire and that this indi-
vidual wire is e.g. in the periphery of the litz wire at another
position along the extension direction of the litz wire. In
the embodiment of the litz wire 250 represented in Figure
5, a further preferred feature of the litz wire 250 is repre-
sented, namely a plastic foil insulation 257 is provided
collectively around the individual wires 255. Such a plas-
tic (e.g. thermoplastic) insulation can also be provided to
all the other embodiments of the litz wire 250 but is not
shown there. The additional feature of such an insulation
foil or insulation material 257 collectively around the in-
dividual wires 255 of the litz wire 250 provides the ad-
vantage that a better high voltage performance of the litz
wire is possible.
[0037] In Figure 6 a cross sectional view of a further

embodiment of the litz wire 250 is schematically shown
where the litz wire 250 comprises also a plurality of indi-
vidual wires 255 (as in the embodiment according to fig-
ure 5) but with the individual wires 255 grouped in a plu-
rality of so-called first order litz wires 251. These first
order litz wires 251 (each comprising a plurality of indi-
vidual wires 255) are combined together to form the litz
wire 250. In Figure 6, the continuous cladding 256 is pref-
erably present around each individual wire 255 but not
indicated by means of a reference numeral.
[0038] In Figure 7 a cross sectional view of an embod-
iment of the litz wire 250 in accordance with the present
invention is schematically shown where the litz wire 250
comprises also a plurality of individual wires 255 (as in
the embodiments according to figures 5 and 6) and a
plurality of first order litz wires 251 but with the first order
litz wires 251 grouped in a plurality of so-called second
order litz wires 252. These second order litz wires 252
(each comprising a plurality of first order litz wires 251)
are combined together to form the litz wire 250. In Figure
6, the continuous cladding 256 is preferably present
around each individual wire 255 but not represented for
the sake of simplicity.
[0039] In Figures 8 to 11 different embodiments of disk
shaped coils 260 comprising a litz wire 250 are shown.
Figure 8 schematically shows a top view of a disk shaped
coil 260 comprising a litz wire 250, the litz wire 250 com-
prising again the first end 250’ and the second end 250".
Figure 9 schematically shows a side view of the disk
shaped coil 260 depicted in Figure 8. As one example of
a possible pattern of the litz wire 250, Figures 8 and 9
show a litz wire 250 patterned such that it is wound spirally
with both the first and the second end 250’, 250" lying on
the outside of the disk (i.e. essentially at a maximum ra-
dius of the disk). In one embodiment, this can be realised
by means of arranging the litz wire 250 in two layers 261,
261’ (shown only in Figure 9). In a first of the two layers
261, 261’ the litz wire 250 is wound e.g. spirally radialy
from the exterior of the disk shaped coil 260 towards
smaller radiuses of the disk shaped coil 260 (drawn
through line of the litz wire 250) wherein in the second
of the two layers 261, 261’, the litz wire 250 is wound
spirally in the opposite direction, i.e. from smaller radius-
es towards greater radiuses (dashed line of the litz wire
250). In the embodiment shown, an insulating foil 262 is
provided between the two layers 261, 261’ of the dish
shaped coil 260. This enhances the high voltage per-
formance and can reduce parasitic capacitances. How-
ever, the provision of the insulating foil 262 is not man-
datory.
[0040] Figures 10 and 11 schematically show further
examples of disk shaped coils 260. In Figure 10, two
spaced disks 263, 263’ are provided with a cooling chan-
nel 264 between them. The flow of a cooling fluid (gas
or liquid, especially water and/or oil) is schematically in-
dicated by a horizontal arrow. It is also possible to provide
spacers (not shown) in order to position de two spaced
disks 263, 263’ at a defined position relative to one an-
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other and relative to other components of the inventive
arrangement 10. The cooling channels 264 can be pro-
vided by means of removing portions of the disk shaped
coil 260. For example, this can be realised by means of
combining a soluble or etchable material together with
the material of the disk shaped coil 260 and by means
of opening the cooling channels by resolving of by etching
the soluble or etchable material. In Figure 11, a double
D pattern of the litz wire 250 is schematically shown. Such
a pattern provides the possibility of enhancing the acces-
sibility of the region of action 300 as the region of action
does not need to be completely surrounded by coils and
still a three-dimensional resolution of the arrangement
10 is possible with the drive means 220 providing mag-
netic drive field 221 components in three space directions
perpendicular to each other.
[0041] In Figure 12, a schematical representation of
an example of a method of producing the disk shaped
coil 260 is shown. The pattern 266 of the litz wire 250 is
placed in a first half 267 of a mould, where the first half
267 is essentially extending along a plane 265 defining
later the main plane of the disk shaped coil 260. The litz
wire 250 pattern 266 comprises preferably a first thermo-
plastic material 258 which can preferably be comprised
by the litz wire 250 (e.g. by means of thermoplastic resin
wires interwoven with the metallic current supporting in-
dividual wires 255) or which can be added to the litz wire
250 pattern 266 before applying a pressure in order to
definitely form the shape of the disk shaped coil 260. The
pressure is represented by the two vertical arrows in Fig-
ure 12 and is applied between the first half 267 and a
second half 268 of the mould or tool. By applying the
pressure the disk shaped coil 260 is definitely formed
and curable materials cured. In an alternative embodi-
ment, the application of a second thermoplastic material
259 (in addition to the first thermoplastic material 258 or
instead of the first thermoplastic material 258) during the
application of the pressure is realised.

Claims

1. An arrangement (10) for influencing and/or detecting
magnetic particles (100) in a region of action (300),
which arrangement comprises:

- selection means (210) for generating a mag-
netic selection field (211) having a pattern in
space of its magnetic field strength such that a
first sub-zone (301) having a low magnetic field
strength and a second sub-zone (302) having a
higher magnetic field strength are formed in the
region of action (300),
- drive means (220) for changing the position in
space of the two sub-zones (301, 302) in the
region of action (300) by means of a magnetic
drive field (221) so that the magnetization of the
magnetic particles (100) changes locally,

- receiving means (230) for acquiring signals,
which signals depend on the magnetization in
the region of action (300), which magnetization
is influenced by the change in the position in
space of the first and second sub-zone (301,
302), characterised in that the selection
means (210) and/or the drive means (220)
and/or the receiving means (230) comprises at
least partially a litz wire (250),
wherein the litz wire (250) comprises a plurality
of first order litz wires (251) comprising a plurality
of individual wires (255), each individual wire be-
ing surrounded by an electrically high resistive
material (256), and
wherein the litz wire (250) further comprises a
plurality of second order litz wires (252), wherein
the second order litz wires (252) comprise a plu-
rality of first order litz wires (251).

2. An arrangement (10) according to claim 1, wherein
the litz wire (250) comprises at least partially a fer-
romagnetic material.

3. An arrangement (10) according to claim 1, wherein
the litz wire (250) is at least partially used for the
selection means (210) and/or for the drive means
(220) and wherein the litz wire (250) of the selection
means (210) is arranged such that it is at least par-
tially penetrated by the magnetic drive field (221) of
the drive means (220) and/or wherein the litz wire
(250) of the drive means (220) is arranged such that
it is at least partially penetrated by the magnetic se-
lection field (211) of the selection means (210).

4. An arrangement (10) according to claim 1, wherein
the litz wire (250) has a ratio of the summed cross
sectional area of the individual wires (255) relative
to the cross sectional area of the litz wire (250) of
about 0,30 to about 0,70, preferably of about 0,40 to
about 0,60, very preferably about 0,50 or wherein
the litz wire (250) has a ratio of the summed cross
sectional area of the individual wires (255) relative
to the cross sectional area of the litz wire (250) of
about 0,01 to about 0,20, preferably of about 0,03 to
about 0,10.

5. An arrangement (10) according to claim 1, wherein
the individual wires (255) of the litz wire (250) have
a diameter of approximately 1 mm to approximately
50 mm, preferably of approximately 10 mm to approx-
imately 25 mm.

6. An arrangement (10) according to claim 1, wherein
the litz wire (250) is a compressed litz wire (250).

7. An arrangement (10) according to claim 1, wherein
the litz wire (250) comprises a multitude of thermo-
plastic resin wires.
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8. An arrangement (10) according to claim 1, wherein
space between different litz wires (250) or space in-
side the litz wire (250) is used for one or a plurality
of cooling channels.

9. An arrangement (10) according to claim 1, wherein
the selection means (210) and/or the drive means
(220) and/or the receiving means (230) comprises
an at least partially disk shaped coil (260).

10. A method for influencing and/or detecting magnetic
particles (100) in a region of action (300), wherein
the method comprises the steps of

- generating a magnetic selection field (211)
having a pattern in space of its magnetic field
strength such that a first sub-zone (301) having
a low magnetic field strength and a second sub-
zone (302) having a higher magnetic field
strength are formed in the region of action (300),
- changing the position in space of the two sub-
zones (301, 302) in the region of action (300) by
means of a magnetic drive field (221) so that the
magnetization of the magnetic particles (100)
changes locally,
- acquiring signals, which signals depend on the
magnetization in the region of action (300),
which magnetization is influenced by the change
in the position in space of the first and second
sub-zone (301, 302),

wherein the generation of the magnetic selection
field (211) and/or the change of the position in space
of the two sub-zones (301, 302) and/or the selection
means (210) and/or the drive means (220) and/or
the acquisition of the signals depending on the mag-
netization in the region of action (300) is performed
at least partially by means of a litz wire (250),
wherein the litz wire (250) comprises a plurality of
first order litz wires (251) comprising a plurality of
individual wires (255), each individual wire being sur-
rounded by an electrically high resistive material
(256), and
wherein the litz wire (250) further comprises a plu-
rality of second order litz wires (252), wherein the
second order litz wires (252) comprise a plurality of
first order litz wires (251).

Patentansprüche

1. Anordnung (10) zur Beeinflussung und/oder Erken-
nung magnetischer Partikel (100) in einem Wir-
kungsbereich (300), wobei die Anordnung Folgen-
des umfasst:

- Auswahlmittel (210) zum Erzeugen eines ma-
gnetischen Auswahlfelds (211) mit einem der-

artigen räumlichen Muster seiner Magnetfeld-
stärke, dass eine erste Teilzone (301) mit einer
niedrigen Magnetfeldstärke und eine zweite
Teilzone (302) mit einer höheren Magnetfeld-
stärke in dem Wirkungsbereich (300) gebildet
werden,
- Ansteuerungsmittel (220) zum Ändern der
räumlichen Position der beiden Teilzonen (301,
302) in dem Wirkungsbereich (300) mithilfe ei-
nes magnetischen Ansteuerungsfelds (221),
sodass sich die Magnetisierung der magneti-
schen Partikel (100) lokal verändert,
- Empfangsmittel (230) zum Erfassen von Sig-
nalen, wobei die Signale von der Magnetisie-
rung in dem Wirkungsbereich (300) abhängen,
wobei die Magnetisierung durch die Änderung
der räumlichen Position der ersten und der zwei-
ten Teilzone (301, 302) beeinflusst wird,

dadurch gekennzeichnet, dass
das Auswahlmittel (210) und/oder das Ansteue-
rungsmittel (220) und/oder das Empfangsmittel
(230) zumindest teilweise einen Litzendraht (250)
umfassen,
wobei der Litzendraht (250) eine Vielzahl von Litzen-
drähten erster Ordnung (251) umfasst, die eine Viel-
zahl von einzelnen Drähten (255) umfassen, wobei
jeder einzelne Draht von einem Material (256) mit
hohem elektrischen Widerstand umgeben ist, und
wobei der Litzendraht (250) ferner eine Vielzahl von
Litzendrähten zweiter Ordnung (252) umfasst, wobei
die Litzendrähte zweiter Ordnung (252) eine Vielzahl
von Litzendrähten erster Ordnung (251) umfassen.

2. Anordnung (10) nach Anspruch 1, wobei der Litzen-
draht (250) zumindest teilweise ein ferromagneti-
sches Material umfasst.

3. Anordnung (10) nach Anspruch 1, wobei der Litzen-
draht (250) zumindest teilweise für das Auswahlmit-
tel (210) und/oder für das Ansteuerungsmittel (220)
verwendet wird und wobei der Litzendraht (250) des
Auswahlmittels (210) derartig angeordnet ist, dass
er zumindest teilweise durch das magnetische An-
steuerungsfeld (221) des Ansteuerungsmittels (220)
durchdrungen wird, und/oder wobei der Litzendraht
(250) des Ansteuerungsmittels (220) derartig ange-
ordnet ist, dass er zumindest teilweise durch das ma-
gnetische Auswahlfeld (211) des Auswahlmittels
(210) durchdrungen wird.

4. Anordnung (10) nach Anspruch 1, wobei der Litzen-
draht (250) ein Verhältnis der summierten Quer-
schnittsfläche der einzelnen Drähte (255) relativ zu
der Querschnittsfläche des Litzendrahts (250) von
ca. 0,30 bis ca. 0,70, vorzugsweise von ca. 0,40 bis
ca. 0,60, sehr zu bevorzugen etwa 0,50, aufweist,
oder wobei der Litzendraht (250) ein Verhältnis der
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summierten Querschnittsfläche der einzelnen Dräh-
te (255) relativ zu der Querschnittsfläche des Litzen-
drahts (250) von ca. 0,01 bis ca. 0,20, vorzugsweise
von ca. 0,03 bis ca. 0,10, aufweist.

5. Anordnung (10) nach Anspruch 1, wobei die einzel-
nen Drähte (255) des Litzendrahts (250) einen
Durchmesser von ca. 1 mm bis ca. 50 mm, vorzugs-
weise von ca. 10 mm bis ca. 25 mm, aufweisen.

6. Anordnung (10) nach Anspruch 1, wobei der Litzen-
draht (250) ein komprimierter Litzendraht (250) ist.

7. Anordnung (10) nach Anspruch 1, wobei der Litzen-
draht (250) eine Vielzahl von thermoplastischen
Harzdrähten umfasst.

8. Anordnung (10) nach Anspruch 1, wobei der Raum
zwischen verschiedenen Litzendrähten (250) oder
der Raum innerhalb des Litzendrahts (250) für einen
oder eine Vielzahl von Kühlkanälen genutzt wird.

9. Anordnung (10) nach Anspruch 1, wobei das Aus-
wahlmittel (210) und/oder das Ansteuerungsmittel
(220) und/oder das Empfangsmittel (230) eine zu-
mindest teilweise scheibenförmige Spule (260) um-
fasst.

10. Verfahren zur Beeinflussung und/oder Erkennung
magnetischer Partikel (100) in einem Wirkungsbe-
reich (300), wobei das Verfahren die folgenden
Schritte umfasst:

- Erzeugen eines magnetischen Auswahlfelds
(211) mit einem derartigen räumlichen Muster
seiner Magnetfeldstärke, dass eine erste Teil-
zone (301) mit einer niedrigen Magnetfeldstärke
und eine zweite Teilzone (302) mit einer höhe-
ren Magnetfeldstärke in dem Wirkungsbereich
(300) gebildet werden,
- Ändern der räumlichen Position der beiden
Teilzonen (301, 302) in dem Wirkungsbereich
(300) mithilfe eines magnetischen Ansteue-
rungsfelds (221), sodass sich die Magnetisie-
rung der magnetischen Partikel (100) lokal ver-
ändert,
- Erfassen von Signalen, wobei die Signale von
der Magnetisierung in dem Wirkungsbereich
(300) abhängen, wobei die Magnetisierung
durch die Änderung der räumlichen Position der
ersten und der zweiten Teilzone (301, 302) be-
einflusst wird,

wobei die Erzeugung des magnetischen Auswahl-
felds (211) und/oder die Änderung der räumlichen
Position der beiden Teilzonen (301, 302) und/oder
das Auswahlmittel (210) und/oder das Ansteue-
rungsmittel (220) und/oder die Erfassung der Signa-

le abhängig von der Magnetisierung in dem Wir-
kungsbereich (300) zumindest teilweise mithilfe ei-
nes Litzendrahts (250) durchgeführt wird,
wobei der Litzendraht (250) eine Vielzahl von Litzen-
drähten erster Ordnung (251) umfasst, die eine Viel-
zahl von einzelnen Drähten (255) umfassen, wobei
jeder einzelne Draht von einem Material (256) mit
hohem elektrischen Widerstand umgeben ist, und
wobei der Litzendraht (250) ferner eine Vielzahl von
Litzendrähten zweiter Ordnung (252) umfasst, wobei
die Litzendrähte zweiter Ordnung (252) eine Vielzahl
von Litzendrähten erster Ordnung (251) umfassen.

Revendications

1. Agencement (10) pour influencer et/ou détecter des
particules magnétiques (100) dans une région d’ac-
tion (300), lequel agencement comprend :

- des moyens de sélection (210) pour générer
un champ de sélection magnétique (211) ayant
un motif dans l’espace de son intensité de
champ magnétique tel qu’une première sous-
zone (301) ayant une faible intensité de champ
magnétique et une seconde sous-zone (302)
ayant une intensité de champ magnétique plus
élevée soient formées dans la région d’action
(300),
- des moyens d’entraînement (220) pour chan-
ger la position dans l’espace des deux sous-zo-
nes (301, 302) dans la région d’action (300) au
moyen d’un champ d’entraînement magnétique
(221) de sorte que la magnétisation des parti-
cules magnétiques (100) change localement,
- des moyens de réception (230) pour acquérir
des signaux, lesquels signaux dépendent de la
magnétisation dans la région d’action (300), la-
quelle magnétisation est influencée par le chan-
gement de position dans l’espace des première
et seconde sous-zones (301, 302),

caractérisé en ce que les moyens de sélection
(210) et/ou les moyens d’entraînement (220) et/ou
les moyens de réception (230) comprennent au
moins en partie un fil de Litz (250),
dans lequel le fil de Litz (250) comprend une pluralité
de fils de Litz de premier ordre (251) comprenant
une pluralité de fils individuels (255), chaque fil indi-
viduel étant entouré par un matériau de résistance
électrique élevée (256) et
dans lequel le fil de Litz (250) comprend en outre
une pluralité de fils de Litz de second ordre (252),
dans lequel les fils de Litz de second ordre (252)
comprennent une pluralité de fils de Litz de premier
ordre (251).

2. Agencement (10) selon la revendication 1, dans le-

17 18 



EP 2 096 986 B1

11

5

10

15

20

25

30

35

40

45

50

55

quel le fil de Litz (250) comprend au moins en partie
un matériau ferromagnétique.

3. Agencement (10) selon la revendication 1, dans le-
quel le fil de Litz (250) est au moins en partie utilisé
pour les moyens de sélection (210) et/ou pour les
moyens d’entraînement (220) et dans lequel le fil de
Litz (250) des moyens de sélection (210) est agencé
de sorte qu’il soit au moins en partie pénétré par le
champ d’entraînement magnétique (221) des
moyens d’entraînement (220) et/ou dans lequel le fil
de Litz (250) des moyens d’entraînement (220) est
agencé de sorte qu’il soit au moins en partie pénétré
par le champ de sélection magnétique (211) des
moyens de sélection (210).

4. Agencement (10) selon la revendication 1, dans le-
quel le fil de Litz (250) a un rapport de la surface en
coupe transversale sommée des fils individuels
(255) par rapport à la surface en coupe transversale
du fil de Litz (250) d’environ 0,30 à environ 0,70, de
préférence d’environ 0,40 à environ 0,60, mieux en-
core d’environ 0,50, ou dans lequel le fil de Litz (250)
a un rapport de la surface en coupe transversale
sommée des fils individuels (255) par rapport à la
surface en coupe transversale du fil de Litz (250)
d’environ 0,01 à environ 0,20, de préférence d’envi-
ron 0,03 à environ 0,10.

5. Agencement (10) selon la revendication 1, dans le-
quel les fils individuels (255) du fil de Litz (250) ont
un diamètre d’environ 1 mm à environ 50 mm, de
préférence d’environ 10 mm à environ 25 mm.

6. Agencement (10) selon la revendication 1, dans le-
quel le fil de Litz (250) est un fil de Litz comprimé
(250).

7. Agencement (10) selon la revendication 1, dans le-
quel le fil de Litz (250) comprend une multitude de
fils de résine thermoplastique.

8. Agencement (10) selon la revendication 1, dans le-
quel l’espace entre différents fils de Litz (250) ou
l’espace au sein du fil de Litz (250) est utilisé pour
un ou une pluralité de canaux de refroidissement.

9. Agencement (10) selon la revendication 1, dans le-
quel les moyens de sélection (210) et/ou les moyens
d’entraînement (220) et/ou les moyens de réception
(230) comprennent une bobine conformée au moins
en partie en disque (260).

10. Procédé pour influencer et/ou détecter des particu-
les magnétiques (100) dans une région d’action
(300), dans lequel le procédé comprend les étapes
consistant à :

- générer un champ de sélection magnétique
(211) ayant un motif dans l’espace de son inten-
sité de champ magnétique tel qu’une première
sous-zone (301) ayant une faible intensité de
champ magnétique et une seconde sous-zone
(302) ayant une intensité de champ magnétique
plus élevée soient formées dans la région d’ac-
tion (300),
- changer la position dans l’espace des deux
sous-zones (301, 302) dans la région d’action
(300) au moyen d’un champ d’entraînement ma-
gnétique (221) de sorte que la magnétisation
des particules magnétiques (100) change loca-
lement,
- acquérir des signaux, lesquels signaux dépen-
dent de la magnétisation dans la région d’action
(300), laquelle magnétisation est influencée par
le changement de position dans l’espace des
première et seconde sous-zones (301, 302),

dans lequel la génération du champ de sélection ma-
gnétique (211) et/ou le changement de la position
dans l’espace des deux sous-zones (301, 302) et/ou
des moyens de sélection (210) et/ou des moyens
d’entraînement (220) et/ou des moyens de réception
(300) est effectuée au moins en partie au moyen
d’un fil de Litz (250),
dans lequel le fil de Litz (250) comprend une pluralité
de fils de Litz de premier ordre (251) comprenant
une pluralité de fils individuels (255), chaque fil indi-
viduel étant entouré par un matériau de résistance
électrique élevée (256) et
dans lequel le fil de Litz (250) comprend en outre
une pluralité de fils de Litz de second ordre (252),
dans lequel les fils de Litz de second ordre (252)
comprennent une pluralité de fils de Litz de premier
ordre (251).
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