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DETUNABLE COIL ASSEMBLY AND METHOD
OF DETUNING RF COIL FOR MRI

FIELD OF THE INVENTION

This invention is in the technical field of magnetic resonance imaging (MRI) using
nuclear magnetic resonance (NMR) phenomenon and relates to a detunable coil assembly with a

simplified design and capable of detuning both quadrature modes at the same time.

BACKGROUND OF THE INVENTION

It has been known for producing images by utilizing NMR to employ separate specially
designed coils for producing a radio frequency (RF) excitation field and receiving the NMR
signal. The excitation is commonly provided by a large-volume field coil (or a "volume coil")
capable of generating a homogeneous RF magnetic field throughout a relatively large region
such as around the entire body of a subject to be imaged. For receiving the NMR signals from
specified localized portions of the body, smaller coils (such as so-called "surface coils" which
generally have excellent sensitivity and poorer B1 homogeneity) is used for detailed imaging.
Since both the excitation coil and the receiving coil are tuned to resonate at the same frequency,
they would interact, or couple, with each other and thereby cause non-uniformity in the
excitation field.

In order to minimize such coupling, it has been known to build both the volume coil for
excitation and the surface coil with actively detuning feature. While the excitation volume coil
excites the sample, the surface coil is detuned to a different frequency. Immediately after the
excitation phase, the volume coil is detuned to an off-resonance frequency and the surface coil is
tuned back to the resonance frequency for detection. Throughout herein, therefore, "detuning"
will mean a frequency shift by at least the sum of the half widths of the resonance peaks of the
two coils. For the purpose of these detuning operations, it has also been known to make use of
pin diodes as switches because they must be carried out within a few microseconds.

Prior art apparatus and methods for actively detuning (or "disabling") an NMR volume
coil include those described in U.S. patents 4,833,409 (issued May 23, 1989 to M. G. Eash) and
4,763, 076 (issued August 9, 1988 to M.Arakawa, et al.). These prior art apparatus are
characterized as having a pin diode-containing switching circuit electrically connected to the RF
circuit of the field coil, and this makes it difficult to handle the currents and the problem of

electrical noise becomes severe.
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SUMMARY OF THE INVENTION

It is therefore an object of this invention to provide a detunable coil assembly with a
simple design with which the detuning of a field coil for MRI can be accomplished.

It is another object of this invention to provide such a coil assembly with which
frequencies of both quadrature modes of the field coil can be shifted at the same time.

It is still another object of this invention to provide a method of detuning an RF field coil
for MRI with a detuning coil of a simple design.

It is a further object of this invention to provide a method of detuning a quadrature field
coil for MRI from frequencies of both its quadrature modes.

A detunable coil assembly embodying this invention is characterized not only as
comprising a main coil which resonates at a specified resonance frequency and a switchable
detuning coil which, when switched on, becomes inductively coupled to the main coil so as to
detune it from its resonance frequency but also wherein the detuning coil and the main coil are
electrically insulated from each other. Because the main coil which serves as the field coil in an
MRI application is physically separated from the low-frequency switching circuit for the
detuning coil, the circuit design is much more simplified without adversely affecting the
performance. The invention is applicable to situations where the main coil is a quadrature
birdcage coil or a multiply tuned coil with a coil array and the main coil can be detuned from

more than one of its resonance frequencies at the same time.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and form a part of the disclosure,
illustrate embodiments of the invention and, together with the description, serve to explain the
principles of the invention. In the drawings:

Fig. 1 is a schematic diagram for generally showing the structure of a detunable coil
assembly embodying this invention;

Fig. 2 is a schematic diagram for generally showing the structure of a detuning coil
embodying this invention; and

Fig. 3 is a schematic diagram for generally showing the structure of another detuning coil
embodying this invention.

Throughout herein some like components are indicated by the same numerals even
where they are components of different coils and may not necessarily be described repetitiously.

2



10

15

20

25

30

WO 02/082115 PCT/US02/08213
DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 shows, although very schematically, the general structure of a detunable coil
assembly embodying this invention, characterized not only as having a cylindrical field coil for
excitation (herein referred to as "the main coil 10") and a switchable detuning coil 30 but also
wherein the main coil 10 and the detuning coil 30 are in an electrically insulated relationship
with each other but are close enough to each other such that, when the switchable detuning coil
30 is switched on, or closed, they are inductively coupled and the detuning coil 30 serves to
detune the main coil 10 as a result of this inductive coupling.

Fig. 1 shows a cylindrical birdcage coil of a known kind such as disclosed by C. E.
Hayes, et al. in "An Efficient, Highly Homogeneous Radio Frequency Coil for Whole Body
NMR Imaging at 1.5 T" (J. Magn. Reson., 63, 622-628, (1985)), having a pair of conductive
loop elements 12 separated from each other axially (with respect to the central axis of the
cylindrically shaped main coil 10) and a plurality of conductive segments ("the legs 15)
containing capacitors and extending between and electrically interconnecting the loop elements
12.

Fig. 2 shows a detuning coil 30 according to one embodiment of the invention together
with a generally cylindrically shaped shield 40 for surrounding both the main coil 10 and the
detuning coil 30 such that the detuning coil 30 will be disposed between the main coil 10 and the
shield 40. The detuning coil 30 according to this embodiment comprises a capacitor-containing
electrically conductive wire (such as a Cu wire) 32 and a pin diode 35 connected and arranged
together in a single closed loop form. The area of this single closed loop form extends about
180 degrees azimuthally, or around the center axis of the cylindrically shaped main coil 10 (not
shown in Fig. 2). The detuning coil 30 is posiﬁoned closely to the main coil 10 but is in an
electrically insulated manner therefrom. The capacitors C inserted in the detuning coil 30 are for
dc block and not for tuning. The pin diode 35 is connected to a voltage source 38. When the pin
diode 35 is not switched on (or is not electrically connected to its voltage source 38), there is no
inductive coupling between the main coil 10 and the detuning coil 30. The detuning coil 30 is
disposed sufficiently closely to the main coil 10 such that, when the pin diode 35 is switched on,
or is closed, the detuning coil 30 and the main coil 10 are inductively coupled, as a result of
which the main coil 10 is detuned.

It is to be noted that the main coil 10 is illustrated is Fig. 1 as a quadrature coil, the two
quadrature modes being apart by 90 degrees. The detuning coil 30 extending azimuthally by

about 180 degrees, as explained above, is thus capable of detuning the main coil 10 from both of
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its quadrature modes at the same time.

Fig. 3 shows another detuning coil 30" according to a different embodiment of this
invention, numeral 40 again indicating a cylindrical shield 40 surrounding both the main coil 10
and the detuning coil 30'. The detuning coil 30" according to this embodiment is different from
the detuning coil 30 shown in Fig. 2 in that the capacitor-containing conductive wire 32 and the
pin diode 35 are connected and arranged in a different pattern. According to the embodiment
shown in Fig. 3, the wire 32 is itself arranged in a closed loop form and the pin diode connects
two points on this closed loop form such that two loop segments are thereby formed by sharing
the pin diode 35 which serves as a portion of each of the two loop segments. The two loop
segments are opposite each other (or off from each other by 180 degrees) with respect to the
center axis of the cylindrically shaped main coil 10 and each extend azimuthally by about 90
degrees. Thus, this detuning coil 30' is for detuning only one of the quadrature modes. The
detuning coil 30' is advantageous in that a larger inductive coupling can be obtained.

Although the invention has been described by way of only a limited number of examples,
these examples are not intended to limit the scope of the invention. Many modifications and
variations are possible within the scope of the invention. For example, the maiﬁ coil may be a
multiply tuned coil assembly consisting of a plurality of coils (or a coil array) which may be
birdcage coils assembled coaxially one inside another and the detuning coil may serve to detune
the main coil from all of its resonance frequencies. The multiply tuned coil may be tuned to a

same frequency and the detuning coil may serve to detune a part of the coil array.
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WHAT IS CLAIMED IS:

1. A detunable coil assembly comprising;:

a cylindrical main coil which resonates at a specified resonance frequency; and

a switchable detuning coil which is electrically insulated from said main coil and is
inductively coupled to said main coil for detuning said main coil from said resonance frequency

when switched on.

2. The detunable coil assembly of claim 1 wherein said main coil is a quadrature coil
having two resonance frequencies and wherein said detuning coil serves to detune said main coil

from both of said resonance frequencies simultaneously.

3. The detunable coil assembly of claim 1 wherein said maim coil is multiply tuned,
resonating at more than one resonance frequencies, and wherein said detuning coil serves to

detune said main coil from each of said more than one resonance frequencies simultaneously.

4. The coil assembly of claim 1 wherein said main coil is a cylindrical birdcage coil having
a pair of conductive loop elements separated from each other axially and a plurality of
conductive segments extending between and electrically interconnecting said pair of loop

elements.

5. The coil assembly of claim 2 wherein said main coil is a cylindrical birdcage coil having
a pair of conductive loop elements separated from each other axially and a plurality of
conductive segments extending between and electrically interconnecting said pair of loop

elements.

6. The coil assembly of claim 1 further comprising a shield which surrounds both said main
coil and said detuning coil, said detuning coil being disposed between said main coil and said

shield.

7. The coil assembly of claim 1 wherein said detuning coil comprises a capacitor-
containing conductive wire, at least one pin diode and a voltage source for supplying voltage to

switch on said one pin diode to thereby inductively couple said main coil and said detuning coil.

8. The coil assembly of claim 2 wherein said detuning coil comprises a capacitor-
5
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containing conductive wire, at least one pin diode and a voltage source for supplying voltage to

switch on said one pin diode to thereby inductivelyvcouple said main coil and said detuning coil.

9. A method of detuning a main coil for MRI, said field coil resonating at one or more
specified resonance frequencies, said method comprising the steps of:

providing a switchable detuning coil which is electrically insulated from said main coil
but is disposed with respect to said main coil so as to inductively couple therewith when
switched on; and

switching on said detuning coil and thereby inductively coupling said detuning coil with

said detuning coil, wherein said main coil is detuned from the specified resonance frequencies.

10.  The method of claim 9 wherein said detuning coil includes one or more pin diodes and
the step of switching on said detuning coil includes electrically connecting said one or more pin

diodes to a voltage source.

11.  The method of claim 9 wherein said main coil is a quadrature coil having two resonance
frequencies and wherein said detuning coil detunes said main coil from both of said resonance

frequencies simultaneously.

12.  The method of claim 9 wherein said main coil is a cylindrical birdcage coil having a pair
of conductive loop elements separated from each other axially and a plurality of conductive

segments extending between said loop elements.

13.  The method of claim 9 further comprising the step of providing a shield which surrounds
both said main coil and said detuning coil, said detuning coil being disposed between said main

coil and said shield.
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