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(57) Abstract: A transmission path (13) for transmitting high frequency (RF) signals is disclosed, which comprises a plurality of
& lead segments (20, 21, 22) which are coupled to one another on one end by a capacitive coupling element (30) and on the other end
& by an inductive coupling element (31) and which each have an effective length of approximately A/4, wherein A, is the wavelength
&N of 4 differential mode signal to be transmitted over the path (13). By providing these element (30, 31) in the form of distributed
elements which electrically extend over at least a part of adjacent lead segments (20, 21; 21, 22) a very thin transmission path (13)
can be realized, which is especially suitable for use with invasive catheters. Furthermore, this path (13) can be guided through RF
fields of a magnetic resonance (MR) imaging system because common mode resonances are effectively suppressed.
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Transmission path for use in RF fields

The invention relates to a transmission path (conductive link or connection
lead or line) for transmitting high frequency (RF) signals, which is especially suitable for use
with invasive catheters. Furthermore, this path can be provided for guiding through RF fields
especially of a magnetic resonance (MR) imaging system. The invention as well relates to an
electrical device, like especially a catheter or another invasive or accessory device for the
examination of a human body especially during MR imaging. Finally, the invention relates to
a magnetic resonance imaging system, comprising one or more electrical accessory devices
such as, for example, RF surface coils or catheters with coil elements which are provided
with a RF transmission path.

A MR imaging system is used in particular for the examination and treatment
of patients. By such a system, the nuclear spins of the body tissue to be examined are aligned
by a steady main magnetic field (B, field) and are excited by RF pulses (B; field). The
resulting relaxation signals are exposed to gradient magnetic fields for the purpose of
localization and are received in order to form in a known manner therefrom a one-, two- or
three-dimensional image of the body tissue.

Essentially two types of MR systems can be distinguished. The first one is the
so-called open MR system (vertical system) in which a patient is introduced into an
examination zone which is situated between the ends of a C-arm. The patient is accessible
during the examination or treatment from practically all sides. The second one is a MR
system which comprises a tubular (cylindrical) examination space (axial system) into which
the patient is introduced.

RF coil systems are provided for the transmission of the RF signals and the
reception of the relaxation signals. In addition to the RF coil systems which are permanently
built into the MR imaging apparatus (body coils for imaging substantially the whole body of
a patient), use is also made of RF surface coils which can be flexibly arranged, for example,
as a sleeve or pad around or in a specific region to be examined. Similarly, RF head coils are
provided and adapted for the examination of a head of a patient.

Furthermore, use is made of catheters or other invasive devices which are

introduced into the patient, for example, in order to take a sample of tissue during the MR
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imaging and which comprise at least one coil element, an oscillator or the like at least at the
area of their tip for the purpose of localization in the image formed or for the purpose of
imaging.

RF transmission lines or paths for connecting accessory devices like these RF
surface coils, head coils and catheters, as well as other devices as mentioned above, with a
connection unit, notably a power supply, a receiving device and/or a control unit, usually
have to be guided through RF fields which in the case of an MR system is especially the B;
field, generated in the form of said RF pulses which are transmitted by means of the RF coil
system.

Such RF fields induce RF common mode signals (currents) in the RF
transmission line and in the surrounding body tissue. These currents involve not only the risk
of disturbances or destruction of the accessory device and/or the connection unit, but notably
can give rise to substantial heating of the line and directly of the adjacent tissue and,
especially in the case of surface coils and catheters, to burning of the patient when the RF
transmission line is too close to or within the patient. Consequently, such lines have to be
made safe with respect to these risks.

DE 102 49 239.5 and PCT/IB03/04589 disclose a connection lead comprising
at least one line section with a length of unequal n*A/2 (A = wavelength of the RF pulses)
which is limited by an inductive coupling element, especially a transformer. By this, the line
section is non-resonant for common mode signals, which are induced by transmitted RF
pulses (B; field). Preferably, the inductive coupling element is connected with at least one
capacitive element to form a resonant circuit, the resonance condition of which being
satisfied for the frequency of a signal (i.e. the differential mode signal generated by the MR
relaxation events) to be transferred over the connection lead.

This connection lead can be applied to make interventional instruments as
intravascular catheters RF-safe for use in MR-guided interventions.

However, a first disadvantage of this connection lead is the fact that the
resonators and especially the discrete capacitive and inductive element(s) need extra space
which results in a diameter and/or thickness of the lead which makes its use in catheters
and/or for introduction into a human body virtually impossible. A second disadvantage is that
the resonators may couple to each other and therefore become inefficient. A third

disadvantage is that the resonators as such may cause heating of the surrounding tissue.
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Therefore it is an object of the invention to provide a transmission path as
mentioned in the introductory part by which at least one of the above mentioned three
disadvantages can at least substantially be removed or avoided.

Furthermore, a transmission path as mentioned in the introductory part shall be
provided which is safe in the sense above when guided through RF fields and which can be
manufactured at low cost and with long lengths, especially for use with disposable catheters
or other invasive devices.

Finally, a transmission path as mentioned in the introductory part shall be
provided, which is safe in the sense above when guided through RF fields and which has a
minimum loss and a high transmission quality for the signals to be transmitted.

The object is solved according to claim 1 by a transmission path comprising at
least two lead segments which are coupled by at least one inductive and/or capacitive
coupling element which is provided in the form of a distributed circuit element which
electrically extends over at least a part of adjacent lead segments.

By providing such a distributed element, the RF transmission path can be
realized as a very thin, long and narrow line, especially if manufactured in the form of a
printed circuit board on a flexible carrier or substrate, so that it can be used in catheters for
invasive examinations of a human body.

Furthermore it can be manufactured at low cost, because no separate discrete
or lumped elements are necessary.

The dependent claims relate to advantageous embodiments of the invention.

Claims 2 and 3 comprise advantageous embodiments of the distributed circuit
elements.

By an alternating capacitive and inductive coupling of the lead segments
according to claim 4 and preferably an effective length of the lead segments of approximately
Ai/4 according to claim 5, a Ai/4 transformer resonance (A; = wavelength within the lead
segment) can be achieved in such a way that a resonance is excited only for the differential
mode signals to be transmitted while common mode signals are suppressed. By this, a
transmission path with a transfer function can be achieved which is optimized for the
transmission of differential mode signals in the MR frequency range and which is non-
resonant and effectively suppressing common mode signals.

Especially in combination with claim 1, another considerable advantage is the
fact that such a transmission path can as well be used for connecting implants especially with

long conductors or electrodes, like for example heart pacemakers or artificial nerves, for
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supplying power to preamplifiers, for MR compatible IVUS (intra vascular ultra sound)
devices, for multieye tracking of catheters or guide wires during MR image generation, and
other applications which require a RF transmission path which not only has a very small
diameter but is also safe in the above sense when guided through a RF field (for example
generated by a MR imaging system).

Claims 6 to 9 disclose advantageous embodiments of the transmission path
with respect to their effective length in order to optimize the transmission of differential
mode signals and to suppress common mode signals.

Further details, features and advantages of the invention will become apparent
from the following description of preferred embodiments which is given with reference to the

drawings, in which is shown in:

Fig. 1 a diagrammatic side elevation of an MR imaging apparatus and of an
accessory device;

Fig. 2 a first embodiment of a RF transmission path according to the
invention;

Fig. 3 a second embodiment of a RF transmission path according to the
invention;

Fig. 4 a coupling element for adjacent wires of a RF transmission path;

Fig. 5 an equivalent circuit diagram of a RF transmission path comprising lead
segments and coupling sections;

Fig. 6 the transmission characteristic of a RF transmission path without loss;

Fig. 7 the transmission characteristic of a RF transmission path with loss;

Fig. 8 an equivalent circuit diagram of the RF transmission path regarding
common mode signals; and

Fig. 9 a folded lead segment of a RF transmission path.

Figure 1A exemplarily shows components of an open MR imaging apparatus
which are of essential importance for the generation and reception of magnetic fields in an
examination zone 1. Above and underneath the examination zone 1 there are provided
respective magnet systems 2, 3 which generate an essentially uniform main magnetic field

(By field for magnetizing the object to be examined, that is, for aligning the nuclear spins)
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whose magnetic flux density (magnetic induction) may be in the order of a magnitude of
between some tenths of Tesla to some Tesla. The main magnetic field essentially extends
through a patient P in a direction perpendicular to the longitudinal axis of the patient (i.e. in
the x direction).

Planar or at least approximately planar RF conductor structures (resonators) in
the form of RF transmission coils 4 ("body coils") are provided for generating RF pulses (B;
field) of the MR frequency whereby the nuclear spins are excited in the tissue to be
examined, said RF transmission coils 4 being arranged on the respective magnet systems 2
and/or 3. RF receiving coils 5 are provided for receiving subsequent relaxation events in the
tissue; these coils 5 may also be formed by RF conductor structures (resonators) provided on
at least one of the magnet systems 2, 3. Alternatively, one common RF resonator can also be
used for transmission and reception if it is suitably switched over, or the two RF resonators 4,
5 can serve for the alternating transmission and reception in common.

Furthermore, for the spatial discrimination and resolution of the relaxation
signals emanating from the tissue of a patient P (localization of the excited states) there are
also provided a plurality of gradient magnetic field coils 7, 8 whereby three gradient
magnetic fields are generated which extend in the direction of the x axis. Accordingly, a first
gradient magnetic field varies essentially linearly in the direction of the x axis, while a
second gradient magnetic field varies essentially linearly in the direction of the y axis, and a
third gradient magnetic field varies essentially linearly in the direction of the z axis.

Electrical accessory devices or auxiliary equipments are required for certain
examinations. Such devices are, for example, RF surface coils 6 which are used in addition to
or as an alternative for the planar RF receiving body coils 5 and which are arranged as RF
receiving coils directly on the patient P or the zone to be examined. These RF surface coils 6
are generally constructed as flexible pads or sleeves.

Furthermore, in order to carry out the treatment of the patient P or to extract a
tissue sample or to determine tissue parameters, use is often made of a catheter 10 which is
introduced into the patient and whose position is to be visualized on a display screen. Various
active methods and passive methods (WO 99/19739) as well as global and local detection or
tracking strategies are known for this purpose (see: Bartels and Bakker in "Endovascular
interventional magnetic resonance imaging", Institute of Physics Publishing, Phys. Med.
Biol. 48 (2003) R37-R64).

Figure 1B shows a diagrammatic representation of such an accessory device in

the form of a catheter 10. On the tip of the catheter (or in a location at a slight distance
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therefrom) there could be arranged a transmission and/or receiving unit 11, for example, in
the form of a microcoil or a microchip on which the necessary components like a coil (and
possibly also sensors) are realized, or the tip is provided with sensors or other means
according to the prior art. At the end of the catheter 10 which is situated outside the patient P
a connection unit 12 is provided in the form of a power supply unit and/or a receiving device
and/or a control device and/or a switching unit which is connected via a RF transmission path
13, which is guided through the catheter, to the transmission and/or receiving unit 11 and via
which the transmission and/or receiving unit 11 is activated and possibly the measuring
values and data from sensors or other components are transmitted.

In the case of an accessory device in the form of RF surface coils 6, such coils
are also connected, via a RF transmission path 13 (conductive link or connection lead) to a
corresponding connection unit 12 (power supply, receiving/transmitting device and/or control
device) for transmitting the received MR relaxation signals (differential mode signals).

As mentioned in the introductory part, the RF fields generated by the RF coil
system however induce RF common mode currents in the transmission path 13 (or sheath
currents in case of coaxial cables) which result in a heating of the path due to local high
current densities and in heating of the surrounding tissue due to local high electric fields.
These standing waves surround the path 13 as a whole so that it works as one antenna wire.

Considering this problem, it has generally to be distinguished between the
wavelength within the path 13 (A; = A¢/\'g;) and the wavelength outside the path 13 (A, =
Lo/Ne,) wherein A is the wavelength in a vacuum, ¢; is the effective dielectric constant within
the path 13 or between the wires of the path and &, is the effective dielectric constant outside
the path 13, more precisely also called differential (or odd) mode dielectric constant &; and
common (or even) mode effective dielectric constant €,, respectively.

Generally, such common mode currents can be suppressed or avoided e.g. by
introducing lead segments with a length of smaller than A,/4 which are coupled by
inductors/transformers and capacitors as disclosed in DE 102 49 239.5 and PCT/IB03/04589.

As an alternative, a RF transmission path can be made safe with respect to
these common mode currents by subdividing it into two or more short lead segments, which
are coupled to one another via an inductive coupling element and a matching network
comprising capacitors and/or inductors in lumped element form.

However, in both these and other cases, these discrete components need extra

space and limit the use of such paths in catheters to large diameter vessels.
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As a general principle of the invention, instead of using discrete or lumped
elements, such coupling elements are provided in the form of capacitors and/or
inductors/transformers which are electrically distributed over at least a part of the
transmission path 13.

In the following the invention is explained in more details with reference to
embodiments in the form of RF transmission paths, which are provided for the transmission
of RF signals. If on one end of the RF transmission path a transmission and/or receiving unit
11 or another accessory device is provided which has to be supplied with power, such power
can be transmitted over the RF transmission path in the form of RF power which is rectified
and accordingly converted at the unit or device to be supplied. For this power transmission,
other frequencies within the transmission bandwidth of the path can be used and/or the power
is transmitted during time intervals in which no differential mode signal is transmitted.

Figure 2 shows a portion of a first embodiment of a RF transmission path
according to the invention, comprising three lead segments 20, 21, 22 which are realized in
the form of two wires which each have an effective length of at least substantially Ai/4
(wherein A, is the wavelength of the differential mode signal within the path 13, which is to
be transmitted over the path 13) or slightly less than Ai/4. Electrically distributed coupling
elements 30, 31 are e.g. achieved by providing an overlap between adjacent lead segments
20, 21; 21, 22.

More in detail, according to Figures 2 and 3, a distributed capacitor 30 is
realized by overlapping open ends of the wires of adjacent lead segments 20, 21, and a
distributed transformer 31 is realized by overlapping closed or short-circuit ends (loops) of
the wires of adjacent lead segments 21, 22.

If such a RF transmission path 13 is provided in the form of a printed circuit
board on a flexible carrier or substrate, it can be realized as a very thin and narrow line and
can be used in catheters for invasive examinations of a human body.

By providing alternating capacitive and inductive couplings of adjacent lead
segments 20, 21, 22, each having a length of at least substantially Ai/4 (or slightly less than
Ai/4), such that each lead segment 20, 21, 22 including the inductive and capacitive coupling
elements 30, 31 is A/4 resonant, only a resonance for the differential mode signal to be
transmitted (Ai/4 -transformer resonance with a current maximum at the inductive coupling
element 31 (Lx) and a voltage maximum at the capacitive coupling element 30 (Cy)) is

excited while common mode resonances are suppressed by the high series impedances of the
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(low stray) capacitances at the ends of the lead segments and by the fact that the lead
segments are too short for a common mode standing wave.

By an appropriate dimensioning of the overlappings, a desired band pass
transmission characteristic can be achieved for the differential mode signal to be transmitted.

Depending upon the proposed application and the frequency range to be
transmitted, a problem may arise with respect to the relatively long length of the lead
segments 20, 21, 22 because they are to be dimensioned to an effective length of about Ai/4 as
mentioned above. Accordingly, for a given (relatively short) length of the whole transmission
path 13, there may be too few subdivisions (couplings) in the path 13 to suppress or shift the
common mode resonance frequency sufficiently high.

This problem can be solved according to Figure 3 which shows a portion of a
second embodiment of a RF transmission path according to the invention, by adding each a
parallel capacitor 40, 41 between the wires of the lead segments 21, 22, 23.

In order to not increase the diameter of the transmission path substantially,
these capacitors 40, 41 can be realized by multiple discrete capacitor elements or in
electrically distributed form by overlapping wire structures e.g. near the inductive coupling
elements 31 or distributed over the total wire. It is also possible to have a smoothly varying
capacitance.

An additional or alternative measure is to use a material with a high dielectric
constant &; within the lead segments 20, 21, 22 and/or between the individual wires in the
wire pairs of the lead segments 20, 21, 22 and/or a low separation of (a decreased distance
between) the individual wires in the wire pairs of the lead segments 20, 21, 22.

All this reduces the wavelength A; within the lead segments 20, 21, 22 and
consequently the resonant length of the lead segments 20, 21, 22 for the differential mode
signals so that more couplings 30, 31 have to be provided for the same external length of the
RF transmission path. Simultaneously, because of the now decreased actual length of the lead
segments they become more non-resonant for common mode signals.

As another additional or alternative measure, if the actual length of the lead
segments 20, 21, 22 is decreased, the resonance for the differential mode signal can be kept at
least substantially unchanged if the inductivity of the inductive coupling elements 31 is
accordingly increased.

Another additional or alternative measure is to use a material in which the

wires of the lead segments 20, 21, 22 are embedded with a dielectric constant €, as low as

possible to increase the outer half wavelength A,/2 of the lead segments 20, 21, 22 which is
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effective for the common mode signals, so that it is kept much higher than the common mode
resonant length of the lead segments 20, 21, 22.

There are different ways to manufacture such a RF transmission path or cable
13. The most versatile method is to use a PCB (printed circuit board) approach.

Another method is to use two pairs of wires (i.e. 4 conductors) and wind them
in helical shape. In order to achieve the structure as shown in Figures 2, the pairs of wires are
each cut with an offset to each other so that overlapping open ends (couplings 30) between
the wire pairs are provided. Furthermore, the wires of each pair are each connected with an
offset to each other so that overlapping closed ends (couplings 31) between the wire pairs are
achieved. The distance between each cutting and connecting (i.e. the couplings 30, 31) is
selected such that lead segments 20, 21, 22 with a length of each Ai/4 are achieved.

Another alternative is to use connected wires in the form of long loops and to
cut them into lead segments with a length of each Ai/4.

The capacitive coupling 30 is not necessarily performed by (direct) coupling
of the open ends of the loops as shown in Figures 2 and 3. According to the side view of
Figure 4, the open ends of adjacent lead segments 50, 51 which are lying in the same plane
can (indirectly) be coupled each via a short length of wire 52 which is placed just above
opposing ends of the lead segments 50, 51. This increases the flexibility of the manufacturing
parameters if only wire cutting is used.

Preferably, a flexible substrate or carrier is used for carrying the wires, which
results in a very thin line or cable 13 which is especially suited for application in catheters.

All the above-described principles are not limited to two-wire transmission
paths but can be applied to coaxial cables as well.

The portions of the RF transmission paths according to Figures 2, 3 and 4 can
of course be continued on both sides with each a plurality of further segments 20, 21, 22; 50,
51.

Simulations were performed to evaluate the feasibility of the proposed
concepts for a catheter 10 with a microcoil 11 with an inductivity L of about 150 nH at its tip
to be used in a 1.5 T MR system (signal frequency = 63.87 MHz). In these simulations the
line or path 13 comprises three segments 20, 21, 22 with a length of each about 0.66 m with
an overlap of adjacent segments of about 0.04 m. Each segment 20, 21, 22 comprises two
copper rods with a diameter d of about 50 um, a distance of about 500 pm and a dielectric
constant &; between the rods of about 2.2. This results in a wavelength Ai/4 of about 0.79 m.
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For this path, a signal attenuation of about 15 dB was simulated (differential mode).
However, the common mode resonant frequency of this path is about 63 MHz.

Consequently, the common mode resonance must be increased to as far as
possible above 63.87 MHz to avoid the excitation of this resonance during RF transmission
of the MR system. Therefore, the effective length of the lead segments must be reduced. At
the same time, the differential mode resonant frequency must be kept at 63.87 MHz for low
loss signal transmission. This can be achieved e.g. with at least one of the following three
measures mentioned above in connection with the second embodiment and Figure 3:

1.) a higher dielectric constant €; between the rods, and/or

2.) a decrease of the distance between the leads 20, 21 near the open ends, and/or

3.) a (lumped or multiple discrete or distributed) capacitor 40, 41 near the open ends of the
segments.

Figure 5 shows a schematic equivalent circuit diagram of a resonant RF
transmission path 13 comprising four lead segments T1, T2, T3 and T4 with a length of each
at least substantially /4 which are coupled alternatingly via a capacitive coupling Cx and an
inductive coupling Ly as explained above with reference to Figure 2. In practice, the
capacitive coupling is effective as Ci/2 in differential mode and as 2Cy in common mode.
Furthermore, the inductive coupling Ly comprises in practice a stray capacitance Cg, which is
schematically indicated as well.

An accessory device like a microcoil Lc on the tip of a catheter is coupled via
an appropriate matching network MN with one end (input) of the RF transmission path 13.
The matching network MN is provided for matching the impedance of the accessory device
to the RF transmission path 13. On its other end (output), the RF transmission path 13 is
coupled e.g. with a high impedance FET amplifier A or a transformer for transforming the
impedance and evaluation signals which are transmitted over the RF transmission path 13.

Figure 6 shows an exemplary transmission/frequency characteristic which can
be achieved with such a RF transmission path 13, if the length of the lead segments T1, T2,
T3, T4, the capacitive coupling Cx, the inductive coupling Ly and the matching network MN
are optimized. Under the assumption that the lead segments T1, T2, T3, T4 have no loss,
curve A indicates the voltage v [dB] induced in the microcoil Lc and curve B indicates the
voltage v [dB] at the output of the RF transmission path 13, each in dependence of the
frequency f [MHz].

In comparison to this, Figure 7 shows such a transmission characteristic under

consideration of the loss of the lead segments T1, T2, T3, T4 and in case that they are
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provided in the form of RG174 coaxial cables. Curve C is again the voltage v [dB] induced in
the microcoil Lc and curve D is the voltage v [dB] at the output of the RF transmission path.

Figure 8 shows an equivalent circuit diagram of the RF transmission path 13
considering its characteristic for common mode signals. For these signals, the RF
transmission path 13 is effective as one single wire which is interrupted for common mode
signals by the coupling capacitors 2Ci and the stray capacitances Cq: of the inductive
coupling Ly at intervals of about Ai/4.

If the outer wavelength A, is not shorter than the inner wavelength A; the
separation of the RF transmission path 13 into lead segments with a length of about Ai/4 is in
most cases sufficient to effectively suppress any dangerous common mode signals. However
in case of certain applications like for example at the surface of a body tissue or in case of a
catheter which is introduced into a human body, the higher dielectric constant of the body
tissue has the effect that the outer dielectric constant €, which is effective for the common
mode signals is considerably larger than the inner dielectric constant €; of the RF
transmission path so that the wavelength A, of the common mode signals becomes smaller
than the wavelength A; within the transmission path.

By at least one of the following two measures (third and fourth embodiment)
the effective length of the lead segments can be kept substantially below the critical length
Aa/2 for the common mode signals as well:

According to a third embodiment as shown in Figure 9 at least one lead
segment (in this case in the form of a coaxial cable) is folded to a length of one third of the
unfolded length. By this, as long as the outer dielectric constant €, remains smaller than or
equal to 9 * g, the electrically effective length of the lead segment would not be longer than
Ao/4.

The folding of the lead segments according to Figure 9 can for example be
realized by using a PCB multi-layer technique with shielding intermediate layers.

In case of a symmetrical two-wire line and other types of transmission lines or
paths it has to be taken care that the above-mentioned function of the line is not impaired by
the folding. Furthermore, the adjacent and parallel lying parts of each lead segment may not
couple with each other and the shielding must be effective as an accordingly shortened wire
segment.

According to a fourth embodiment, the actual length of the lead segments 20,

21, 22 is decreased according to the shorter wavelength A,/4 of the common mode signal. For
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maintaining the resonance condition for the differential mode signals, the inductivities 31
coupling the lead segments 21, 22 are increased so far that the lead segments together with
the capacitors 40 or 41 between the wires of the lead segments as shown in Figure 3 are again
resonant for the differential mode signals.

These embodiments have the advantage that it is not necessary to have a great
number of transformers with a high coupling factor. The above embodiments require a
coupling factor of only about 8% with respect to the inductive coupling loops. Furthermore,
the capacitance of the coupling capacitors is as well relatively small like for example 1 pF
(Cy) in both wires of the circuit diagram according to Figure 5.

The RF transmission path 13 can for example be realized as a shielded two
wire line in the form of a printed circuit board (PCB) comprising lead segments on both sides
of a flexible substrate. The overlapping loops as well as the overlapping open ends between

the adjacent lead segments can be realized by an overlapping of only a few centimeters each.
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CLAIMS:

1. Transmission path comprising at least two lead segments (20, 21, 22; T1, T2,
T3, T4) which are coupled by at least one inductive and/or capacitive coupling element (30,
31; Cy, Ly) which is provided in the form of a distributed circuit element which electrically
extends over at least a part of adjacent lead segments (20, 21, 22; T1, T2, T3, T4).

2. Transmission path according to claim 1, wherein the distributed inductive
coupling element (31) or a transformer element (L) is realized in the form of overlapping
closed or short-circuited ends of each two wires of adjacent lead segments (20, 21; T1, T2;
T3, T4).

3. Transmission path according to claim 1, wherein the distributed capacitive
coupling element (30; Cy) is realized in the form of overlapping open ends of each two wires

of adjacent lead segments (21, 22; T2, T3).

4. Transmission path according to claim 1, wherein the lead segments (20, 21,
22; T1, T2, T3, T4) are coupled to one another on one end by a capacitive coupling element
(30; Cy) and on the other end by an inductive coupling element (31) or a transformer element
().

5. Transmission path according to claim 4, wherein the lead segments (20, 21,
22; T1, T2, T3, T4) each have an effective length of approximately (or slightly less than) A/4,
such that each lead segment including the inductive coupling element/transformer and the
capacitive coupling element (30, 31; Cy, L) is Ai/4-resonant, wherein 2; is the wavelength of

a differential mode signal to be transmitted over the path.

6. Transmission path according to claim 5, wherein the actual length of at least
one of the lead segments (20, 21, 22; T1, T2, T3, T4) is shortened to increase the common

mode resonant frequency, and wherein capacitor elements (40, 41) are provided between two
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wires of the lead segment (20, 21, 22; T1, T2, T3, T4) in order to keep the differential mode

resonant frequency at least substantially unchanged.

7. Transmission path according to claim 5, wherein the actual length of at least
one of the lead segments (20, 21, 22; T1, T2, T3, T4) is shortened to increase the common
mode resonant frequency, and wherein a dielectric material is provided between the wires of
the lead segment with a dielectric constant €; which is selected such that the differential mode

resonant frequency remains at least substantially unchanged.

8. Transmission path according to claim 5, wherein the actual length of at least
one of the lead segments (20, 21, 22; T1, T2, T3, T4) is shortened to increase the common
mode resonant frequency, and wherein the distance between the wires of the lead segment
near the open end of the lead segment is decreased such that the differential mode resonant

frequency remains at least substantially unchanged.

9. Transmission path according to claim 5, wherein at least one of the lead
segments (20, 21, 22; T1, T2, T3, T4) is covered with a dielectric material with such a

dielectric constant &, that the lead segment is non-resonant for common mode signals.

10. Electrical accessory device or auxiliary equipment, like especially a catheter,
comprising a transmission path (13) according to at least one of claims 1 to 9, especially for
connecting the electrical accessory device or auxiliary equipment with a connection unit in a

magnetic resonance imaging system.

11. Magnetic resonance (MR) imaging system comprising a transmission path
according to at least one of claims 1 to 9 and/or at least one electrical accessory device or

auxiliary equipment according to claim 10.



WO 2006/067703 PCT/IB2005/054267

1/4

FIG. 1A




WO 2006/067703 PCT/IB2005/054267

13

Rt
~
N

/ I 41
40
FIG. 3
50 52 51




WO 2006/067703 PCT/IB2005/054267

3/4
| |
>
IVTE S
¢ :[ 1@ 12 3__|®| 14 >
Le MN Lic; Catr Cx Li Cetr A
/
13
FIG. 5
v[dB] A

L s s s S s

60.9 62.7 64.5 66.3 68.1

f[MHZ]

FIG. 6



WO 2006/067703 PCT/IB2005/054267

4/4

v[dB] . 5
|
. _,,/———;/ : : - -
N
54 /’./ ; ; : ; : : ; \;\\
60.8 62.4 64.0 65.6 67.2
f{MHz]

2Ck Cetr 2Ck Cetr 2Ck

<. FIG 8

7 77 777
277 7 > 2, ZzZYUVtzzx(tU® ’Yx V22 2z %

N

// Q7227772222777 22222 Z
//MWWWWWWWWWWWWWWW

%WWWWWWWW
7272722227227/ 7777777777777

FIG 9

N



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

