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Method and circuit arrangement for operating multi-channel transmit/receive antenna devices

The invention relates to a method and circuit arrangement for operating a
multi-channel transmit / receive antenna device or arrangement especially for use in a
magnetic resonance imaging (MRI) system.

EP 1 314 995 discloses RF antenna arrangements comprising a plurality of RF
coils and / or coil segments. Each one of a plurality of transmitting units is assigned to each
RF coil or coil segment and provided for independently adjusting the amplitude and / or the
phase and / or the shape of pulses to be transmitted. Furthermore, each one of a plurality of
receiving units is assigned to each RF coil or coil segment for individually being activated or
deactivated. The decoupling between the coils / coil segments of such an antenna
arrangement are adjusted by means of capacitive and / or inductive elements connected
between the coils / coil segments, in order to correct or tune dielectric resonance effects and /
or to obtain a desired pattern of the generated field strength and to control its homogeneity.

A general object underlying the invention is to provide a method and a circuit
arrangement by which such a multi-channel transmit / receive antenna device or arrangement
can be operated in a more efficient manner especially in case of a larger number of antenna
elements, like coils and / or coil segments (coil elements or parts).

Furthermore, a method and a circuit arrangement shall be provided by which
new options and possibilities of such a multi-channel transmit / receive antenna device like
e.g. RF shimming, transmit sensitivity encoding (TransmitSENSE), RF encoding,
determination of S- or Z-matrix prior to spin echo measurements, calibration, SAR (specific
absorption rate) reduction etc. can be utilized or improved efficiently.

Furthermore, a method and a circuit arrangement shall be provided by which a
calibration / recalibration of a multi-channel transmit / receive antenna device can be
conducted in a simple and quick manner.

Furthermore, a method and a circuit arrangement shall be provided by which a
field distribution can be determined and monitored in transmit and receive mode.

Finally, a method and a circuit arrangement shall be provided for operating a
multi-channel transmit / receive antenna device of an MR system in such a way that system

components and / or a patient is efficiently protected against too high electric field strengths
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especially when simultaneously activating or deactivating different transmit and / or receive
channels of the antenna device.

The object is solved by a method according to claim 1 and a circuit
arrangement according to claim 3.

An advantage of this solution is that a transmit and / or a receive signal for
each channel of the antenna device can independently and simultaneously be controlled or
evaluated in a comparatively simple manner especially with respect to its amplitude and / or
phase and / or frequency and / or waveform.

Furthermore, trip-levels can accurately and locally be monitored. New
protection mechanisms for system components during simultaneous transmit and receive of
different multi-channel elements can be realized.

Another advantage of this solution is the fact, that it is effectively applicable in
magnetic resonance imaging systems applying known methods like Transmit SENSE or RF
shimming for e.g. avoiding dielectric resonances in examination objects (and consequently
inhomogeneous RF excitation fields) which otherwise could occur due to high or very high
RF field strengths.

The subclaims disclose advantageous embodiments of the method according to

claim 1 and the circuit arrangement according to claim 3, respectively.

Further details, features, and advantages of the invention become obvious
from the following description of exemplary and preferred embodiments of the invention
with reference to the drawings in which shows:

Fig. 1 a schematic block diagram of a circuit arrangement according to a
preferred embodiment of the invention, and

Fig. 2 a more detailed block diagram of one component of the circuit

arrangement according to Figure 1.

Several multi-channel transmit / receive antenna devices or arrangements
which can be operated by a method and circuit arrangement according to the invention are
disclosed exemplarily in the above mentioned EP 1 314 995 which is made by reference to a

part of this disclosure.
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Such an antenna device is especially a RF coil arrangement comprising a
plurality of RF coils and / or coil segments (or elements or parts) with different sizes and / or
different positions which are each connected to a transmit / receive unit or channel of a
circuit arrangement according to the invention.

Figure 1 shows a schematic block diagram of a preferred embodiment of a
circuit arrangement for operating a multi-channel transmit / receive antenna device, wherein
the circuit arrangement is a part of a magnetic resonance imaging (MRI) system and
especially of a related multi-channel data acquisition system. The circuit arrangement is
exemplarily provided for operating a transmit / receive antenna arrangement comprising n
coils (or coil segments) TxRx1,....TxRxn for generating a B; field and for receiving
relaxation signals from an object to be examined.

Furthermore, a number m of pick-up coils PU1,....PUm is provided (wherein
preferably m = n) for transmitting and receiving defined RF signals for e.g. calibration,
monitoring and / or controlling purposes.

Alternatively, a first number of tune coils for transmitting defined RF signals
and a second number of pick-up coils for receiving defined RF signals can be used, wherein
the first and second number is preferably equal (e.g. m).

Substantial components of the circuit arrangement are preferably implemented
in a spectrometer 1 in the form of one or more add-on circuit boards. These components are a
central control or processor unit 10, a waveform control unit 11, a number n of transmit
channels 121,...12n, a number n of receive channels 131,...13n, a tune-coil unit 14 and a pick-
up coil detection unit 15, which are all connected to each other via a control-status bus C/S.
Furthermore, the receive channels 131,...13n and the central control or processor unit 10 are
connected to each other via a data bus D.

The circuit arrangement further comprises a multi-channel RF amplifier 2 (or a
number n of one-channel RF amplifiers), a number n of first transmit receive switches 31,..
3n, which are each connected with their input/output terminal to one coil or coil segment
TxRx1,...TxRxn of the antenna device, and a number m of second transmit receive switches
41,...4m, which are each connected with their input/output terminal to one pick-up coil
PUL,....PUm.

In case of using tune coils for transmitting RF signals and pick-up coils for
receiving RF signals, the second transmit receive switches 41,...4m can be omitted.

The central control or processor unit 10 is connected with a control input of

the RF amplifier 2 for controlling the same. Furthermore, the central control or processor unit



10

15

20

25

30

WO 2006/114749 PCT/IB2006/051251
4

10 is connected with control inputs of the transmit receive switches 31,.. 3n; 41,...4m for
independently switching these switches between transmit and receive mode.

The central control or processor unit 10 is provided for controlling the number
n of transmit channels 121,...12n for independently adjusting the phases and / or amplitudes
and / or frequencies of the generated RF signals, for controlling the number n of receive
channels 131, ...13n and for controlling the tune-coil unit 14 and the pick-up coil detection
unit 15.

The waveform control unit 11 is provided for preferably independently
adjusting the waveforms or pulse shapes of the RF signals generated by the transmit channels
121,...12n in dependence of a related control signal received from the central control or
processor unit 10.

The outputs of the transmit channels 121,...12n are connected with inputs of
the (multi-channel) RF amplifier 2. The outputs of the RF amplifier 2 are connected with the
inputs of the first transmit receive switches 31,....3n, which are provided for supplying the
amplified transmit RF signals to each one coil or coil segment of the antenna device when
switched by the central control or processor unit 10 into the transmit mode.

The signals, which are received by the coils or coil segments (usually
relaxation signals) are routed via the first transmit receive switches 31,.. 3n after switching
them into the receive mode by the central control or processor unit 10, to each one of the
receive channels 131,...13n for digitalization and further processing.

The transmit / receive modes of the first and second transmit receive switches
31,.. 3n; 41,...4m can be independently controlled by the central control or processor unit 10
so that for example some coils / coil segments and / or pick-up / tune coils transmit RF
signals while other coils / coil segments or pick-up coils receive RF signals. Each of the first
transmit receive switches 31,...3n must be capable to route RF signals having a peak power of
some kW in order to excite nuclei spins. However, this power is much less than in usual
conventional single channel systems.

The tune coil unit 14 comprises a number m of outputs, which are connected
via the second transmit receive switches 41,..4m in transmit mode to each one pick-up coil
for transmitting defined RF signals. The RF signals, which are received by these pick-up
coils are routed via the transmit receive switches 41,... 4m in the receive mode to each one
input of the pick-up coil detection unit 15 for processing.

If tune coils are used for transmitting and pick-up coils are used for receiving,

the second transmit receive switches 41,...4m can be omitted and the tune coils are connected
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with the tune coil unit 14 and the pick-up coils are connected with the pick-up coil detection
unit 15.

The pick-up coil detection unit 15 is shown in more details in Figure 2. It
comprises a pick-up coil controller 150, which is controlled by the central control or
processor unit 10 via the control-status bus C/S for controlling the processing of the signals,
which are received by the pick-up coils.

For such a processing the pick-up coil detection unit 15 further comprises for
each pick-up coil according to a first alternative an RF to DC converter 151 comprising a
wide band logarithmic amplifier, and a trip level comparator 152, which are both controlled
by the pick-up coil controller 150.

Furthermore, a storage 153 for a preset maximum trip level in the form of a
DC voltage set by the spectrometer 1 or the pick-up coil controller 150 is provided. The trip
levels can preferably be preset independently and with different values in each trip level
storage 153 for each pick-up coil.

According to the first alternative, the received RF signals are converted to DC
signals by means of the RF to DC converters 151. The DC signals are then routed to the
related trip level comparators 152, which compare the DC voltages with a preset maximum
trip level, which is stored in the storage 153 in the form of a DC voltage. If for example any
of the DC voltages derived from all RF pick-up coil signals exceed the preset maximum trip
level, a further transmission of RF signals can be inhibited by blanking the RF amplifiers 2 in
order to avoid damage of system components.

Instead of processing the received RF signals in the analog domain, it can
alternatively be carried out in the digital domain (second alternative). In this case, for each
pick-up coil an analog-to-digital converter 154 is provided which is controlled by the pick-up
coil controller 150 and which converts the DC signal into a digital signal which is compared
in the trip level comparator 152 with the preset trip level as explained above.

According to a third alternative, an analog-to-digital converter 155 together
with a demodulator can be used instead of the RF to DC converter 151 in order to convert the
received RF signals to digital signals by means of the so-called direct conversion principle.
The digital signals are each again fed into the trip level comparators 152 for comparing the
same with preset trip levels as explained above.

The alternative to be chosen depends on certain boundary conditions as well as

on the prices of chips available.
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By this circuit arrangement a plurality of methods for operating a multi-
channel transmit receive antenna device or arrangement can advantageously be conducted.
These are in particular transmitting RF signals by means of at least one of the coils / coil
segments of the antenna and receiving RF signals by the same or other of these coils / coil
segments and / or by at least one of the pick-up coils. Another alternative is e.g. to transmit
low power RF signals by means of at least one of the tune coils (or pick-up coil(s) if no tune
coils are used) and receiving RF signals by at least one of the coils / coil segments of the
antenna and / or by at least one of the pick-up coils.

This is especially due to the fact that the circuit arrangement allows an
individual control of each RF transmit and receive signal including simultaneous transmit and
receive by means of free selectable coils and / or coil segments of the RF antenna
arrangement.

Correspondingly, individual local measurements of the RF field at each coil
and / or coil segment can be conducted for various functions like e.g. for calibration
purposes. The S-matrix can e.g. be determined by transmitting RF signals through individual
coils or coil segments of the antenna arrangement and by receiving RF signals through other,
non-transmitting coils or coil segments.

Furthermore, individual measurements of the multi-channel elements
(especially of the coils and / or coil segments of the antenna arrangement) can be conducted
by dedicated pick-up coils (or pairs of tune coils and pick-up coils). Such individual
measurements can especially be provided for an accurate local and individual monitoring of
trip levels, which can be preset independently for each pick-up coil. This might be
advantageous for example if a symmetrical RF transmit receive coil is used in which,
however, even for the same B; field not all pick-up coils have completely identical values of
the received signals. Especially the current amplitudes for estimating the spatial B; field
distribution in transmit and receive modes can be determined by the pick-up coils (or pairs of
tune coils and pick-up coils.

By this, new methods for protecting other MRI system components against
possible damage caused by RF fields (B, field) and / or for SAR reduction of an examination
object especially during simultaneous RF transmission (and simultaneous reception) by
means of different RF coils or coil segments of the antenna arrangement can be realized. If
for example any of the measured local trip levels exceed related predefined trip levels, the RF

amplifier 2 of the system can be blanked.
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This is especially important, if not all channels are used in transmit or receive
mode because in this case special care has to be taken not to destroy any electronic
components in the receive path. By assigning individual local pick-up coils (or tune coils and
pick-up coils) to each coil or coil segment (or each multi-channel element), any receive path
can individually be protected.

This mode can e.g. also be used for the determination of S- or Z-matrices or
for other calibration purposes in which the used transmit signals need to be very low. In this
case, the trip levels will be set to comparatively small values and may be different for the
channels in transmit or receive states.

Furthermore, the impedance of an individual coil and / or coil segment (or
multi-channel element) can be determined. Preferably, a complete transmit/receive path for
each pick-up coil (or each tune and pick up coil) is provided for this purpose.

Furthermore, multiple, independent RF paths for each coil and / or coil
segment or each multi-channel element are provided. These paths can be configured
individually for either transmission or reception of RF signals. As a consequence, it is
possible to use one or more channels for RF transmission and one or more channels for RF
reception, which especially in combination with a local monitoring of trip levels as explained
above, opens up new options for measurements like e.g. the determination of S- or Z-
matrices for individual patients.

The central control or processor unit 10 preferably comprises a related
software by which the generation of the RF signals with respect to their amplitudes and / or
phases and / or waveforms and / or frequencies by means of the transmit channels 121, ...12n
and the waveform control unit 11, respectively, the selection of the transmit channels 121,
...12n, as well as the selection of the receive channels 131,...13n can be controlled.
Furthermore, the trip levels and the selection of the pick-up coils (or the tune and pick-up
coils) are set by the software as well. This applies also to the independent switching of the

transmit receive switches 31, 32,...3n; 41, 42,...4m between transmit and receive modes.
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CLAIMS:

1. Method for operating a multi-channel transmit / receive antenna device or
arrangement comprising a plurality of RF antenna elements, wherein the steps of:

- selecting which of one or more of the RF antenna elements transmit RF signals and / or
which of one or more of the RF antenna elements receive RF signals and / or

- controlling the amplitudes and / or the phases of the RF signals transmitted by the at least
one transmitting RF antenna element individually and independently for each transmitting RF
antenna element,

are conducted by controlling a plurality of transmit channels and / or receive channels which

are each assigned to one of the RF antenna elements.

2. Method according to claim 1, wherein the steps of selecting and / or
controlling the RF antenna elements is conducted in dependence of at least one level of RF
signals which are received by means of at least one receiving RF antenna element which is

positioned within the RF field generated by the antenna device or arrangement.

3. Circuit arrangement for operating a multi-channel transmit / receive antenna
device or arrangement, especially for conducting a method according to claims 1 or 2,
comprising a plurality of RF antenna elements (TxRx), a control unit (10), a plurality of
transmit channels (121,...12n) and a plurality of receive channels (131,...13n) which are
each assigned to one of the antenna elements, wherein the control unit (10) is provided for
selecting antenna elements for transmitting RF signals and for selecting RF antenna elements
for receiving RF signals and / or for controlling the transmit channels (121,...12n) for

individually adjusting the amplitudes and / or the phases of the transmitted RF signals.

4. Circuit arrangement according to claim 3, wherein the control unit (10) is
provided for said selecting of the antenna elements and / or for said controlling the transmit
channels in dependence on at least one level of RF signals which are received by at least one
pick-up/tune coil (PU1,...PUm) which is positioned within the RF field generated by the

antenna device or arrangement.
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5. Circuit arrangement according to claim 4, comprising a pick-up coil detection

unit (15) for processing and comparing received RF signals with at least one trip level.

6. Circuit arrangement according to claims 3, comprising a multi-channel RF
amplifier (2) or a plurality of one channel RF amplifiers which are controlled by the control
unit (10) in order to individually and independently amplify the transmit signals in each

transmit channel.

7. Multi-channel amplifier or spectrometer (1), especially for use in a magnetic
resonance imaging system, comprising a circuit arrangement according to at least one of

claims 3 to 5.

8. Magnetic resonance imaging system, comprising a circuit arrangement

according to at least one of claims 3 to 6.

9. Computer program comprising computer program code means adapted to
perform a method according to claim 1 or 2 when said program is run on a programmable

microcomputer.

10. Computer program according to claim 9 adapted to be downloaded to a
magnetic resonance imaging system according to claim 8 or one of its components when run

on a computer which is connected to the internet.

11. Computer program product stored on a computer readable medium,

comprising computer program code means according to claim 9.
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