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(57) Abstract: A radio frequency coil unit (10) for use in a magnetic resonance imaging system, the radio frequency coil unit (10)
comprising: - at least one electrically insulating substrate (18); - at least one radio frequency coil member (12) disposed at a first side
(22) of the electrically insulating substrate (18); - a first capacitor member (26) disposed at the first side (22) of the electrically insu-
lating substrate (18) and galvanically connected to the at least one radio frequency coil member (12); - a second capacitor member
(28) disposed at a second side (24) of the electrically insulating substrate (18) which is opposite of the first side (22); wherein the
first capacitor member (26) and the second capacitor member (28) at least partially overlap in a direction (20) perpendicular to a sur -
face of the electrically insulating substrate (18); and wherein the at least one radio frequency coil member (12), the first capacitor
member (26) and the second capacitor member (28) are part of a radio frequency resonance circuit having a resonance frequency that
coincides with the Larmor frequency, which is determined by a magnetic field strength of the magnetic resonance imaging system
and the species of nuclei under investigation. The capacitor structure at the second side of the substrate has an integrated resonant
loop structure of which the resoance properties are indicative of the capacitor values formed by the overlapping capacitor members.
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LAMINATE DESIGN-BASED RADIO FREQUENCY COIL UNIT FOR MRI

FIELD OF THE INVENTION
The invention pertains to a radio frequency coil for use in a magnetic

resonance imaging system.

BACKGROUND OF THE INVENTION

In the art of magnetic resonance imaging it is known to employ radio
frequency coils for transmitting radio frequency energy to nuclei under test for resonant
excitation of the nuclei, as well as for receiving radio frequency energy generated by the
nuclei after excitation. The transmitted or received radio frequency energy has a frequency
that coincides with the Larmor frequency, which is known in the art to be determined by a
local magnetic field strength of the magnetic resonance imaging system and the species of
nuclei under investigation. For transmitting and receiving purposes, the radio frequency coils
comprise resonant circuits having combinations of capacitors and inductors that are
substantially tuned to the Larmor frequency.

For improved signal to noise ratio, it is known in the art to make use of local
radio frequency coils that can be located proximal to a region of interest.

For these purposes, it is desirable to have a radio frequency coil of compact
design that is ecasy to manufacture.

The US-patent application US2008/0143333 discloses an array antenna for
MR applications. The knonw array antenna has multiple conductor loops of loop segemtens

that are capacitively coupled as conductor traces of a circuit board.

SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide a space-saving and easy-to-
manufacture radio frequency coil unit for use in a magnetic resonance imaging system and in
which radio frequency coil unit a resoance loop is integrated. This object is achieved by the
radio frequence coil unit of the invention as defined in the independnet Claim 1..

The radio frequency coil unit comprises at least one electrically insulating

substrate, at least one radio frequency coil member formed as an electrically conductive
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pattern disposed at a first side of the electrically insulating substrate, and being configured to
serve as an inductance member of the radio frequency coil unit.

The radio frequency coil unit further comprises a first capacitor member
formed as an electrically conductive pattern disposed at the first side of the electrically
insulating substrate and galvanically connected to the at least one radio frequency coil
member. Moreover, the radio frequency coil unit comprises a second capacitor member
formed as an electrically conductive pattern disposed at a second side of the electrically
insulating substrate which is opposite of the first side, wherein the first capacitor member and
the second capacitor member at least partially overlap in a direction perpendicular to a
surface of the electrically insulating substrate.

The at least one radio frequency coil member, the first capacitor member and
the second capacitor member are part of a radio frequency resonance circuit having a
resonance frequency that coincides with the Larmor frequency, which is determined by a
magnetic field strength of the magnetic resonance imaging system and the species of nuclei
under investigation.

The phrase “radio frequency”, as used in this application, shall be understood
particularly as a range of the electromagnetic spectrum between 1 MHz and 1 GHz. By way
of example, the Larmor frequency for frequently investigated protons ('H) is about 42.6 MHz
at a local magnetic field strength of 1 T.

In this way, capacitor members can readily be connected to the radio
frequency coil member that is designed as an electrically conductive pattern on an electrically
insulating substrate, so as to provide a radio frequency resonance circuit that is tuned to the
Larmor frequency. In particular, via holes for connecting electrically conductive patterns
disposed at opposite sides of the at least one electrically insulating substrate can be omitted in
the assembly of the radio frequency coil unit. By that, a space-saving and easy-to-
manufacture radio frequency coil unit for use in a magnetic resonance imaging system can be
provided, as the number of electrical connections between the radio frequency coil member
and lumped capacitors, as is required in the prior art, can at least be reduced.

As is clear to the person skilled in the art, the radio frequency coil unit may as
well comprise input terminals for providing radio frequency power to the radio frequency
unit from an external device, and output terminals to extract radio frequency signals from the
radio frequency coil unit to an outer environment for evaluation.

In one embodiment, the at least one electrically insulating substrate may be

shaped as a planar plate. In another embodiment, it may be shaped as a plate with parallel,
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curved surfaces, wherein a radius of curvature is adapted to an outer shape of the subject of
interest. The electrically insulating substrate may be made from a plastic material, which may
be reinforced by fibers embedded in the plastic material.

In a preferred embodiment, the radio frequency coil member, the first
capacitor member, the second capacitor member, and the at least one electrically insulating
substrate are laminated. The phrase “laminated”, as used in this application, shall be
understood particularly as being permanently assembled by heat, pressure, welding, or
adhesives. In this way, a radio frequency coil unit can be provided that is robust and
insensitive to changes of relative positions of the radio frequency coil member, the first
capacitor member, the second capacitor member, and the at least one electrically insulating
substrate due to handling during arranging the radio frequency coil unit prior to a magnetic
resonance imaging session, for instance at a subject of interest.

In another preferred embodiment, the radio frequency unit comprises a printed
circuit board, wherein the at least one electrically insulating substrate is formed by a non-
conducting substrate of the printed circuit board, and wherein the at least one radio frequency
coil member is formed as a first conductive pattern and the first capacitor member is formed
as a second conductive pattern, the first and second conductive pattern being laminated to a
first side of the non-conducting substrate, and wherein the second capacitor member is
formed as a third conductive pattern being laminated to a second side of the non-conducting
substrate which is opposite of the first side.

By that, the radio frequency coil unit can be manufactured from a readily
available material which allows for an especially easy manufacturing. The non-conducting
substrate of the printed circuit board may preferably comprise cured phenolic resin or cured
epoxy resin, each of which may be reinforced by paper and/or glass fibers.

In yet another embodiment, the radio frequency coil unit further comprises a
third capacitor member and a fourth capacitor member, wherein the third capacitor member is
formed as an electrically conductive pattern disposed at the second side of the electrically
insulating substrate, and is galvanically connected to the second capacitor member by an
electrically conductive pattern, and wherein the fourth capacitor member is formed as an
electrically conductive pattern disposed at the first side of the electrically insulating substrate,
and wherein the third capacitor member and the fourth capacitor member are configured to

serve as parts of the radio frequency resonance circuit.



10

15

20

25

30

WO 2015/007695 PCT/EP2014/065060
4

By that, two capacitor members can readily be connected to the radio
frequency coil member in a symmetric way, which may be advantageous with respect to a
requirement regarding current density.

Preferably, the third capacitor member and the fourth capacitor member at
least partially overlap in the direction perpendicular to a surface of the electrically insulating
substrate to achieve a wide range of capacitance values of the second capacitor, providing
large design freedom for the resonance circuit.

In still another embodiment, the second capacitor member comprises at least
two mutually insulated second capacitor member portions and the third capacitor member
comprises at least two mutually insulated third capacitor member portions. Further, the
galvanic connection comprises at least two electrically conductive patterns, and each one of
the at least two electrically conductive patterns galvanically connects one of the two mutually
insulated second capacitor member portions with one of two mutually insulated third
capacitor member portions, wherein the at least two electrically conductive patterns are
disposed in a spaced relationship. The structure formed by the second capacitor member
portions, the thrid capacitor member portions and the bridge patterns forms an integrated
resonance loop. Notably, the second capacitor member portions and the third capacitor
member portions are spaced apart so that a slit is left between them. The bridge patterns
extend along the slit and form galvanic connections between respecive second capacitor
member portions and thrid capacitor member portions. Thus, a resonance loop in formed
integrated in the layer structure (laminate or printed circuit board). The resonance properties
such as frequency, attenuation and impedance of this integrated resonant loop is indicative of
the local capacitor values of the overlapping capacitor members.

This design incorporating the integrated resonance loop can allow for suitable
test modes that are applicable to the capacitor members independent of the regular function
of the resonance circuit in an operational mode, and that are indicative of a capacitance value
of the capacitor members.

In a suitable embodiment, a radio frequency test current may be applied and
driven through the first capacitor member, the second capacitor member portions, the first
one of the at least two electrically conductive patterns, the third capacitor member portions,
the fourth capacitor member, and through the second one of the at least two electrically
conductive patterns. The capacitor members and the at least one radio frequency coil member
form a second radio frequency resonance circuit that is excitable by the radio frequency test

current. A determined resonance frequency of the second radio frequency resonance circuit
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depends on the capacitance values of the capacitor members, and can thus be used to
determine the capacitance values independent of the regular function of the radio frequency
coil unit. The radio frequency test current may be applied by using an open-loop control
circuit and exploiting a change of impedance of the second radio frequency resonance circuit,
or by using a closed-loop control circuit, wherein a control signal of the control circuit is a
measure of the impedance of the second radio frequency resonance circuit. In general, other
types or combinations of control circuits are applicable that appear to be suitable to the
person skilled in the art.

The portions of the at least two capacitor members can preferably be
electrically arranged in series, so that the interaction takes place at a frequency that is much
higher than a Larmor frequency under consideration, and thus any radio frequency
interference can be avoided.

In another preferred embodiment, the radio frequency coil unit further
comprises a sensing coil having a sensing coil area, wherein in the direction perpendicular to
the surface of the electrically insulating substrate, the sensing coil area at least partially
overlaps a region between the at least two electrically conductive patterns of the galvanic
connection between the second capacitor member and the third capacitor member, and
wherein the sensing coil is connectable to a radio frequency transmitter and is configured to
couple a magnetic field component of the radio frequency power from the radio frequency
transmitter to the region between the at least two electrically conductive patterns of the
galvanic connection.

In this way, the radio frequency test current can readily be applied by
inductive coupling, making use of Faraday’s law of induction, without a necessity for
additional electrical wiring connected to the capacitor members. As another beneficial effect,
omitting additional wiring avoids potential electromagnetic interference.

In still another embodiment, the radio frequency coil unit further comprises at
least one short circuit member, wherein the at least two electrically conductive patterns are
galvanically connected by the least one short circuit member. Preferably, the at least one
short circuit member is formed as an electrically conductive pattern disposed at the second
side of the electrically insulating substrate. Most preferable, the at least one short circuit
member is arranged in a mid region of the at least two electrically conductive patterns. The
phrase “mid region of the electrically conductive pattern”, as used in this application, shall be
understood particularly as a region of the electrically conductive pattern that comprises half

of a total length of the electrically conductive pattern in a direction of extension, wherein
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ends of the mid region are equally spaced apart from ends of the electrically conductive
pattern.

Among the advantages of the disclosed radio frequency coil unit are that two
currents flowing independently before (i.e. if the short circuit member were not applied) in
the two electrically conductive patterns, are coupled by the short circuit member, with the
effect of equalizing the currents and reducing current density rating requirements. Further,
the at least one short circuit member provides at least another path for an electric radio
frequency current to flow, whereby at least another, independent oscillating mode of the
second resonance circuit can be excited. In this circuit lay-out the slit between the second
capacitor member portions and between the third capacitor member portions is crossed by the
short circuit member, effectively forming two slits separated by the short circuit member.
This arrangement supports a butterfly-like pattern as well as a ring-like pattern for the
electrical current running in the integrated multilpe loop structure. These respective paterns
probe the involved capacitors differently.

In another preferred embodiment, the radio frequency coil unit further
comprises at least one lumped tuning capacitor that is galvanically connected to two
electrically conductive patterns disposed at the first side of the electrically insulating
substrate and is configured for tuning a resonance frequency of the radio frequency resonance
circuit. By that, an overall tuning of the resonance frequency of the radio frequency

resonance circuit to the Larmor frequency can readily be accomplished.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will be apparent from and elucidated
with reference to the embodiments described hereinafter. Such embodiment does not
necessarily represent the full scope of the invention, however, and reference is made
therefore to the claims and herein for interpreting the scope of the invention.

In the drawings:

Fig. 1 schematically illustrates an embodiment of a radio frequency coil unit in
accordance with the invention,

Fig. 2 shows a detail of the radio frequency coil unit pursuant to Fig. 1 in a top
view (upper part) and a side view (lower part),

Fig. 3 illustrates a path of a radio frequency current in the radio frequency coil

unit pursuant to Fig. 2 in an operational mode in a given instant,
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Fig. 4 illustrates a detail of another embodiment of a radio frequency coil unit
in accordance with the invention in a top view (upper part) and a side view (lower part),

Fig. 5 illustrates a detail of yet another embodiment of a radio frequency coil
unit in accordance with the invention,

Fig. 6 illustrates a detail of still another embodiment of a radio frequency coil
unit in accordance with the invention in a top view (upper part) and a side view (lower part),

Fig. 7 depicts potential paths of a radio frequency test currents in the radio
frequency coil unit pursuant to Fig. 6,

Fig. 8 is a frequency response of the radio frequency coil unit pursuant to
Figs. 4 and 5 to a test current,

Fig. 9 is a frequency response of the radio frequency coil unit pursuant to
Figs. 6 and 7 to a test current, and

Fig. 10 is a frequency response of the radio frequency coil unit pursuant to

Figs. 6 and 7 to a test current, after adding a lumped tuning capacitor.

DETAILED DESCRIPTION OF EMBODIMENTS

In the following, several embodiments of a radio frequency coil unit in
accordance with the invention are disclosed. The individual embodiments are described with
reference to a particular figure and are identified by a prefix number of the particular
embodiment. Features whose function is the same or basically the same in all embodiments
are identified by reference numbers made up of the prefix number of the embodiment to
which it relates, followed by the number of the feature. If a feature of an embodiment is not
described in the corresponding figure depiction, or a reference number mentioned in a figure
depiction is not shown in the figure itself, reference should be made to the description of a
preceding embodiment.

Fig. 1 schematically shows a first embodiment of a radio frequency coil unit
110 for use in a magnetic resonance imaging system. The radio frequency coil unit 110 is
designed as a local radio frequency coil that is provided for applying a radio frequency
magnetic field to excite nuclei within a subject of interest during radio frequency transmit
periods of the magnetic resonance imaging system. The radio frequency coil unit 110 is also
provided to receive magnetic resonance signals from the excited nuclei during radio
frequency receive periods. To this end, the magnetic resonance imaging system comprises a
radio frequency transmitter unit 48 and a transmit/receive switching unit 50 connecting the

radio frequency coil unit 110 and a signal processing unit 52 of the magnetic resonance
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imaging system. During a radio frequency transmit period, the transmit/receive switching
unit 50 is configured to connect the radio frequency transmitter unit 48 to the frequency coil
unit 110 and to disconnect the signal processing unit 52. During a radio frequency receive
period, the transmit/receive switching unit 50 is configured to connect the radio frequency
coil unit 110 with the signal processing unit 52, and to disconnect the radio frequency
transmitter unit 48. In a state of operation of the magnetic resonance imaging system, radio
frequency transmit periods and radio frequency receive periods are taking place in a
consecutive manner. All of this is well known in the art.

In general, as will become obvious to the person skilled in the art, the
invention is as well applicable to other radio frequency coil units used in a magnetic
resonance imaging system.

The radio frequency coil unit 110 comprises a plate-shaped electrically
insulating substrate 118 that is made from fiber-reinforced epoxy resin. A surface of each
side 122, 124 of the electrically insulating substrate 118 has originally been covered with a
thin copper sheet, and the assembly of the electrically insulating substrate 118, the copper
sheet on a first side 122 of the electrically insulating substrate 118, and the copper sheet on
the second side 124 of the electrically insulating substrate 118 has been laminated. The
material that was used for manufacturing the radio frequency coil unit 110 is commercially
available and known as FR-4 (both-sides) copper-clad laminate.

In this way, the electrically insulating substrate 118 is formed by the non-
conducting substrate of the printed circuit board. In a manufacturing process of the radio
frequency coil unit 110, the copper layers laminated to both surfaces of the non-conducting
substrate 118 have been partially etched off to create electrically conductive patterns that
serve various purposes, as will be described in the following.

Disposed at the first side 122 of the electrically insulating substrate 118, a
radio frequency coil member 112 is formed as a first electrically conductive pattern. The
radio frequency coil member 112 is configured to serve as an inductance member of a radio
frequency resonance circuit of the radio frequency coil unit 110. In an upper part of Fig. 2, a
first end 114 and a second end 116 of a loop-like copper sheet strip pattern forming the radio
frequency coil member 112 are shown in part.

Galvanically connected to the first end 114 of the radio frequency coil member
112 shown in the left of Fig. 2 is a first capacitor member 126 formed as a second electrically

conductive pattern disposed at the first side 122 of the electrically insulating substrate 118.
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A second capacitor member 128 formed as a third electrically conductive
pattern is disposed at the second side 124 of the electrically insulating substrate 118 which is
opposite of the first side 122. The second capacitor member 128 is positioned such that the
first capacitor member 126 and the second capacitor member 128 partially overlap in a
direction 120 perpendicular to a surface of the electrically insulating substrate 118.

The radio frequency coil unit 110 further comprises a third capacitor member
130 and a fourth capacitor member 132. The third capacitor member 130 is formed as a
fourth electrically conductive pattern disposed at the second side 124 of the electrically
insulating substrate 118. The third capacitor member 130 is galvanically connected to the
second capacitor member 128 by an electrically conductive bridge pattern 138. The fourth
capacitor member 132 is formed as a fifth electrically conductive pattern disposed at the first
side 122 of the electrically insulating substrate 118. The fourth capacitor member 132 is
positioned such that the fourth capacitor member 132 and the third capacitor member 134
partially overlap in the direction 120 perpendicular to a surface of the electrically insulating
substrate 118.

The radio frequency coil member 110, the first capacitor member 126, the
second capacitor member 128, the third capacitor member 130, and the fourth capacitor
member 132 are configured to serve as parts of the radio frequency resonance circuit having
a resonance frequency that is close within a range of = 2% to the Larmor frequency of
128 MHz, which is determined by a magnetic field strength of the magnetic resonance
imaging system of 3 T and the species of nuclei under investigation, which in this
embodiment are protons (hydrogen nuclei 'H). In an operational state of the radio frequency
coil unit 110, a radio frequency current in a given instant flows in a direction from the first
end 114 of the radio frequency coil member 112 through the first capacitor member 126
(Fig. 3), the second capacitor member 128, the electrically conductive bridge pattern 138, the
third capacitor member 130, the fourth capacitor member 132, and the second end 116 of the
radio frequency coil member 112, which demonstrates that the radio frequency coil member
112 and the capacitor members 126, 128, 130, 132 are electrically connected in series.

The description of the following alternative or further elaborated embodiments
of a radio frequency coil unit is confined to differences with regard to the embodiment of the
radio frequency coil unit 110 pursuant to Figs. 1 to 3.

A detail of another embodiment of a radio frequency coil unit 210 is
schematically shown in Fig. 4. Therein, a second capacitor member 228 comprises two

mutually insulated second capacitor member portions 234;, 234,. A third capacitor member
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230 comprises two mutually insulated third capacitor member portions 236;, 236,. A
galvanic connection between the second capacitor member 228 and the third capacitor
member 230 comprises two electrically conductive bridge patterns 238, 238,. Each of the
two electrically conductive patterns 238, 238, galvanically connects one of the two mutually
insulated second capacitor member portions 234;, 234,with one of the two mutually insulated
third capacitor member portions 236, 236,. The two electrically conductive bridge patterns
238y, 238, are aligned in parallel and are disposed in a spaced relationship, so that a slot 244
is formed by edges of the first capacitor member 226, the third capacitor member 230, and
the two electrically conductive bridge patterns 238, 238,.

Although not shown in detail, it is obvious to the person skilled in the art that
in an operational mode of the radio frequency coil unit 220, a radio frequency current in a
given instant flows in a direction from a first end 214 of the radio frequency coil member 212
through the first capacitor member 226 where the radio frequency current is split to continue
to the two second capacitor member portions 234, 234,. The radio frequency current is then
flowing in two independent partial currents along the two electrically conductive bridge
patterns 238;, 238, to the two mutually insulated third capacitor member portions 236;, 236,,
where it is recombined in the fourth capacitor member 232, and continues along a second end
216 of the radio frequency coil member 212. In this way, the first capacitor member 226 and
the second capacitor member portions 234, 234, are electrically connected in series to the
radio frequency coil member, wherein the two second capacitor member portions 234, 234,
are electrically connected in parallel. In a similar manner, the third capacitor member
portions 236;, 236, and the fourth capacitor member 232 are electrically connected in series
to the radio frequency coil member 212, wherein the two third capacitor member portions
2364, 236, are electrically connected in parallel.

Fig. 5 illustrates a detail of yet another embodiment of a radio frequency coil
unit 310. In this embodiment, the radio frequency coil unit 310 in comparison to the
embodiment pursuant to the one in Fig. 4 further comprises a sensing coil 340 having a
sensing coil area 342, wherein in a direction 320 perpendicular to a surface of an electrically
insulating substrate 318, the sensing coil area 342 partially overlaps a region between two
electrically conductive bridge 338;, 338, patterns of a galvanic connection between a second
capacitor member 328 and a third capacitor member 330. The sensing coil 340 is connectable
to a radio frequency transmitter (not shown) and is configured to couple a magnetic field
component of the radio frequency power from the radio frequency transmitter to the region

between the at least two electrically conductive bridge patterns 338, 338, of the galvanic
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connection. This is facilitated by a slot 344 formed by copper sheets that partially overlap in
a direction 320 perpendicular to the electrically insulating substrate 318, so that the magnetic
field component of the radio frequency power from the radio frequency transmitter can
penetrate the electrically insulating substrate 318 via the slot.

According to Faraday’s law of induction, the magnetic field component of the
radio frequency power from the radio frequency transmitter induces a test current that in a
given instant is driven through the first capacitor member 326, a first one 334, of second
capacitor member portions 334, 334,, a first one 338; of two electrically conductive bridge
patterns 338;, 338,, a first 336, one of third capacitor member portions 336, 336,, a fourth
capacitor member 332, a second one of third capacitor member portions, through the second
one of the two electrically conductive patterns, a second one 334, of the second capacitor
member portions 3344, 334,, and back to the first capacitor member 326. The capacitor
members 326, 334, 334,, 3361, 336,, 332 and the radio frequency coil member 312 form a
second radio frequency resonance circuit that is excitable by the radio frequency test current.
A determined resonance frequency of the second radio frequency resonance circuit depends
on the capacitance values of the capacitor members 326, 334, 334,, 336,, 336;, 332, and can
thus be used to determine their capacitance values independent of a regular function of the
radio frequency coil unit 310 in an operational mode. As the first capacitor member 326, the
two portions of the second capacitor member 334,, 334,, the two portions of the third
capacitor member 336,, 336;, and the fourth capacitor member 332 are all connected in series
with regard to the radio frequency test current, a resonance frequency of the second radio
frequency resonance circuit is much higher than a resonance frequency of the radio frequency
coil unit 310 in the operational mode. Therefore, no radio frequency interference has to be
expected when applying the radio frequency test current during regular operation of the radio
frequency coil unit 310.

The sensing coil 340 comprises in-/output leads not shown in Fig. 5 for clarity
reasons, for connecting to the radio frequency transmitter, and for transmitting any signals
(particularly indicative of radio frequency power, impedance, and/or voltage drop) indicative
of a response of the second radio frequency resonance circuit to the radio frequency test
current. In this way, these signals can be transferred outside of the radio frequency coil unit
310 and evaluated by any suitable device known in the art, including filters, amplifiers, FFT
devices, combinations thereof, or other devices that appear suitable to the person skilled in

the art.
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By applying a radio frequency test current that comprises frequencies of a
suitable frequency band, or, alternatively, by consecutively applying a radio frequency test
current comprising a different radio frequency (sweeping) in a wobbling mode, a response of
a second resonance circuit to the radio frequency test current can be obtained.

Fig. 8 is a frequency response of the second resonance circuit determined in
the described way, illustrating the resonance at a frequency of about 383 MHz.

Fig. 6 illustrates a detail of yet another embodiment of a radio frequency coil
unit 410. In this embodiment, the radio frequency coil unit 410 further comprises a short
circuit member 446, formed by an additional electrically conductive pattern disposed at a
second side 424 of an electrically insulating substrate 418. The additional electrically
conductive pattern galvanically connects two electrically conductive bridge patterns 438;,
438, arranged between two mutually insulated second capacitor member portions 4344, 434,
and two mutually insulated third capacitor member portions 436, 436,, as described in the
captions of the embodiments pursuant to Figs. 4 and 5. The additional electrically conductive
pattern is arranged in a mid region of the two electrically conductive bridge patterns 438;,
438,.

As indicated in Fig. 7, the short circuit member 446 allows for exciting a
different Eigenmode than the one described in the embodiments pursuant to Figs. 4 and 5 by
applying a radio frequency test current. This Eigenmode is characterized by a simultancous
flow of two partial radio frequency currents.

A path of one of the two partial radio frequency currents in a given instant
runs from the short circuit member 446 to a first one 438, of two electrically conductive
bridge patterns 438, 438,, a first one 434, of two second capacitor member portions 434,
434,, to a first capacitor member 426, a second one 434, of the two second capacitor member
portions 434, 434,, a second one 438, of two electrically conductive bridge patterns 438,
438,, and back to the short circuit member 446.

A path of the other of the two partial radio frequency currents in a given
instant runs from the short circuit member 446 to the first 438; one of two electrically
conductive bridge patterns 438, 438,, a first one 436, of two third capacitor member portions
436, 436,, to a fourth capacitor member 432, a second one 436, of two third capacitor
member portions 436,, 436,, the second one 438, of the two electrically conductive bridge
patterns 438, 438,, and back to the short circuit member 446.

The additional Eigenmode frequency is clearly visible in the frequency

response shown in Fig. 9 as another resonance at a frequency of about 288 MHz.
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As is shown in Figs. 6 and 7, the radio frequency coil unit 410 further
comprises a lumped tuning capacitor 454 that is galvanically connected to the first capacitor
member 426 with its one end, and to the fourth capacitor member 432 with its other end, both
capacitor members 426, 432 formed as electrically conductive patterns disposed and
laminated to the first side 422 of the electrically insulating substrate 418. The lumped tuning
capacitor 454 is configured for tuning a resonance frequency of the radio frequency
resonance circuit of the radio frequency coil unit 410.

Fig. 10 represents a frequency response showing the effect of the lumped
tuning capacitor 454 on the Eigenmode frequencies of the second radio frequency resonance
circuit. Due to symmetry reasons, the resonance frequency of the second Eigenmode remains
unchanged, whereas the resonance frequency of the first Eigenmode is downshifted by about
50 MHz.

While the invention has been illustrated and described in detail in the drawings
and foregoing description, such illustration and description are to be considered illustrative or
exemplary and not you; the invention is not limited to the disclosed embodiments. Other
variations to the disclosed embodiments can be understood and effected by those skilled in
the art in practicing the claimed invention, from a study of the drawings, the disclosure, and
the appended claims. In the claims, the word "comprising" does not exclude other elements
or steps, and the indefinite article "a" or "an" does not exclude a plurality. The mere fact that
certain measures are recited in mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage. Any reference signs in the

claims should not be construed as limiting the scope.
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radio frequency coil unit

radio frequency coil member
first end

second end

electrically insulating substrate
direction
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first capacitor member

second capacitor member

third capacitor member

fourth capacitor member
second capacitor member portion
third capacitor member portion
electrically conductive bridge pattern
sensing coil

sensing coil area

slot

short circuit member

radio frequency transmitter unit
transmit/receive switching unit
signal processing unit

lumped capacitor

14

PCT/EP2014/065060



10

15

20

25

WO 2015/007695 PCT/EP2014/065060
15

CLAIMS:

1. A radio frequency coil unit (10) for use in a magnetic resonance imaging
system, the radio frequency coil unit (10) comprising:

- at least one electrically insulating substrate (18);

- at least one radio frequency coil member (12) formed as an electrically
conductive pattern disposed at a first side (22) of the electrically insulating substrate (18),
and being configured to serve as an inductance member of the radio frequency coil unit (10);
- a first capacitor member (26) formed as an electrically conductive pattern
disposed at the first side (22) of the electrically insulating substrate (18) and galvanically
connected to the at least one radio frequency coil member (12);

- a second capacitor member (28) formed as an electrically conductive pattern
disposed at a second side (24) of the electrically insulating substrate (18) which is opposite of
the first side (22); wherein

the first capacitor member (26) and the second capacitor member (28) at least partially
overlap in a direction (20) perpendicular to a surface of the electrically insulating substrate
(18);

further comprising a third capacitor member (30) and a fourth capacitor member (32),
wherein the third capacitor member (30) is formed as an electrically conductive pattern
disposed at the second side (24) of the electrically insulating substrate (18), and is
galvanically connected to the second capacitor member (28) by an electrically conductive
bridge pattern (38), and wherein the fourth capacitor member (32) is formed as an electrically
conductive pattern disposed at the first side (22) of the electrically insulating substrate (18),
and wherein the third capacitor member (30) and the fourth capacitor member (32) are
configured to serve as parts of the radio frequency resonance circuit,

wherein the third capacitor member (30) and the fourth capacitor member (32) at least
partially overlap in the direction (20) perpendicular to a surface of the electrically insulating
substrate (18)

wherein the second capacitor member (28) comprises at least two mutually insulated second
capacitor member portions (34;, 34,), the third capacitor member (30) comprises at least two

mutually insulated third capacitor member portions (36, 36,), and wherein the galvanic
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connection comprises at least two electrically conductive bridge patterns (38;, 38,), each one
of the at least two electrically conductive bridge patterns (38, 38,) galvanically connecting
one of the two mutually insulated second capacitor member portions (34, 34,) with one of
two mutually insulated third capacitor member portions (36, 36,), wherein the at least two
electrically conductive bridge patterns (38, 38,) are disposed in a spaced relationship

and wherein

the at least one radio frequency coil member (12), the first capacitor member (26) and the
second capacitor member (28) are part of a radio frequency resonance circuit having a
resonance frequency that coincides with the Larmor frequency, which is determined by a
magnetic field strength of the magnetic resonance imaging system and the species of nuclei

under investigation.

2. The radio frequency coil unit (10) as claimed in claim 1, wherein the radio
frequency coil member (12), the first capacitor member (26), the second capacitor member

(28), and the at least one electrically insulating substrate (18) are laminated.

3. The radio frequency coil unit (10) as claimed in claim 1 or 2, comprising a
printed circuit board, wherein the at least one electrically insulating substrate (18) is formed
by a non-conducting substrate of the printed circuit board, and wherein the at least one radio
frequency coil member (12) is formed as a first conductive pattern and the first capacitor
member (26) is formed as a second conductive pattern, the first and second conductive
pattern being laminated to the first side (22) of the non-conducting substrate, and wherein the
second capacitor member (28) is formed as a third conductive pattern being laminated to a

second side (24) of the non-conducting substrate which is opposite of the first side (22).

4. The radio frequency coil unit (10) as claimed in claim 1, further comprising a
sensing coil (40) having a sensing coil area (42), wherein in the direction (20) perpendicular
to the surface of the electrically insulating substrate (18), the sensing coil area (42) at least
partially overlaps a region between the at least two electrically conductive bridge patterns
(381, 38,) of the galvanic connection between the second capacitor member (28) and the third
capacitor member (30), and wherein the sensing coil (40) is connectable to a radio frequency
transmitter and is configured to couple a magnetic field component of the radio frequency
power from the radio frequency transmitter to the region between the at least two electrically

conductive bridge patterns (38, 38,) of the galvanic connection.
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5. The radio frequency coil unit (10) as claimed in claim 1 or 4, further
comprising at least one short circuit member (46), wherein the at least two electrically
conductive bridge patterns (38, 38,) are galvanically connected by the least one short circuit

member (46).

6. The radio frequency coil unit (10) as claimed in any one of the preceding
claims, further comprising at least one lumped tuning capacitor (54) that is galvanically
connected to two electrically conductive patterns disposed at the first side (22) of the
electrically insulating substrate (18) and is configured for tuning a resonance frequency of the

radio frequency resonance circuit (10).
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