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BIRDCAGE-TYPE HIGH-FREQUENCY COIL
AND MAGNETIC RESONANCE IMAGING
APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a magnetic reso-
nance imaging (hereinafter, referred to as an “MRI”) appara-
tus and in particular, to adjustment of a birdcage-type high-
frequency coil (hereinafter, referred to as a birdcage coil or a
BC coil)

BACKGROUND ART

[0002] The MRI apparatus is an apparatus that measures an
NMR signal, which is generated by the spins of nuclei that
form an object when irradiating the object with a high-fre-
quency magnetic field pulse (hereinafter, referred to as an RF
pulse), and images the shapes or functions of the head, abdo-
men, limbs, and the like in a two-dimensional manner or in a
three-dimensional manner. In the imaging, different phase
encoding and different frequency encoding are given to NMR
signals by the gradient magnetic field, and the NMR signals
are measured as time-series data. The measured NMR signals
are reconstructed as an image by a two-dimensional or three-
dimensional Fourier transform.

[0003] Intheabove-described MRI apparatus, when irradi-
ating a desired part of an object with an RF pulse, an RF
transmission coil is disposed around the desired part and an
RF pulse having a nuclear magnetic resonance frequency,
which is determined according to the static magnetic field
strength and the excitation target nuclide, is supplied to the
RF transmission coil. Therefore, design or adjustment (tun-
ing) of the RF transmission coil is performed so that the
resonance frequency of the RE transmission coil becomes a
nuclear magnetic resonance frequency that is the frequency of
the RE pulse.

[0004] Among the above-described RF transmission coils,
a BC coil is used especially in the horizontal magnetic field
type MRI apparatus.

[0005] In the case of a cylindrical BC coil, a plurality of
linear conductor elements are disposed at equal distances
along the circumference of the cylindrical shape in parallel
with the central axis of the cylindrical shape, and circular
ring-shaped conductor elements electrically connected to the
plurality of linear conductor elements are disposed at both
ends of'the BC coil. In this ring-shaped conductor element, a
plurality of resonance capacitor elements (capacitors) having
the same capacitance are inserted in series, so that the capaci-
tance of each of these resonance capacitor elements is
adjusted at the time of adjustment (tuning) of the Q value or
the resonance frequency of the RF transmission coil.

[0006] PTL 1 discloses a multilayer structure of an outside
(external) ring and an inside ring in a two-frequency tuning
birdcage-type coil. An example of performing tuning by
appropriately setting the inductance of the outside ring or the
capacitance between the inside ring and the outside ring in
this coil is disclosed.

CITATION LIST

Patent Literature

[0007] [PTL 1] JP-T-2003-516770
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SUMMARY OF INVENTION

Technical Problem

[0008] In the tuning mechanism disclosed in PTL 1, since
the inductance of the outside ring or the capacitance between
the inside ring and the outside ring needs to be set and
adjusted separately, it is thought to be difficult to easily adjust
the capacitances of the plurality of resonance capacitor ele-
ments, which are inserted in series in each ring-shaped con-
ductor element, collectively. For this reason, since the respec-
tive resonance capacitor elements are adjusted separately, the
adjustment operation is complicated.

[0009] Therefore, the present invention has been made in
view of the above-described problem, and it is an object of the
present invention to provide a BC coil, in which the capaci-
tances of a plurality of resonance capacitor elements inserted
in each ring-shaped conductor element of the BC coil can be
collectively adjusted in a balanced manner without the need
to perform adjustment separately, and an MRI apparatus
using the BC coil.

Solution to Problem

[0010] In order to achieve the above-described object, the
present invention is a birdcage-type high-frequency coil
including a ring-shaped conductor element in which a plural-
ity of resonance capacitor elements are inserted in series and
a plurality of linear conductor elements electrically con-
nected to the ring-shaped conductor element. An adjustment
belt to change the apparent capacitances of the plurality of
resonance capacitor elements collectively is slidably dis-
posed on the outer periphery of the ring-shaped conductor
element with a dielectric member interposed therebetween.

Advantageous Effects of Invention

[0011] According to the BC coil and the MRI apparatus
using the same of the present invention, it is possible to adjust
the capacitances of the plurality of resonance capacitor ele-
ments, which are inserted in the ring-shaped conductor ele-
ment of the BC coil, collectively in a balanced manner with-
out adjusting the capacitances separately.

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1 is a block diagram showing the overall con-
figuration of an embodiment of an MRI apparatus related to
the present invention.

[0013] FIG. 2A is a perspective view when an elliptical BC
coil of the first embodiment is obliquely viewed.

[0014] FIG. 2B is a diagram when the elliptical BC coil of
the first embodiment is viewed from one side in the central
axis 201 direction.

[0015] FIG.3 isadeveloped diagram obtained by cutting an
example of the elliptical BC coil of the first embodiment in
parallel with the central axis 201 and expanding the result to
the left and right.

[0016] FIG. 4 is a diagram showing an example of an
adjustment belt of the first embodiment.

[0017] FIG. 5isadiagram showing an example ofthe shape
of'a conductor piece.

[0018] FIG. 6A is a developed diagram obtained by cutting
an elliptical BC coil with a tuning mechanism of the first
embodiment in parallel with the central axis and expanding
the result to the left and right.
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[0019] FIG. 6B is a cross-sectional view of a guide groove
651 provided at the bobbin end of the elliptical BC coil of the
firstembodiment, and is a diagram showing an example of the
structure for fixing the adjustment belt.

[0020] FIG. 6C is a diagram showing another example of
the mechanism that is provided at the bobbin end of the
elliptical BC coil of the first embodiment in order to fix the
position of the adjustment belt 251, where (a) shows a cross-
sectional view of an integrated structure of a fixing belt 661,
an adjustment belt 251, and a dielectric sheet 261 and (b)
shows an example of a fastener to change the effective cir-
cumference of the fixing belt 661.

[0021] FIG. 7 is an enlarged view of a part of a three-layer
structure including resonance capacitor elements inserted in
series in an elliptical ring-shaped conductor element, a dielec-
tric sheet, and an adjustment belt facing each resonance
capacitor element with the dielectric sheet interposed ther-
ebetween.

[0022] (a) in FIG. 8 is a diagram showing an equivalent
circuit when a conductor piece and a resonance capacitor
element of the first embodiment are combined, and (b) in FIG.
8 is a graph showing changes in various values according to
the sliding movement of the adjustment belt.

[0023] FIG. 9 is a flowchart showing the tuning procedure
using the tuning mechanism of the elliptical BC coil of the
first embodiment.

[0024] FIG. 10A is an enlarged view when an arbitrary
resonance capacitor element and a conductor portion near the
resonance capacitor element in an elliptical ring-shaped con-
ductor element and a conductor piece 4 in an adjustment belt,
which is present at a position facing the resonance capacitor
element, are viewed from a direction perpendicular to the
elliptical cylindrical curved surface in a second embodiment.
[0025] (a)in FIG. 10B is a cross-sectional view of a guide
groove 651 provided at the bobbin end of an elliptical BC coil
of the second embodiment, and (b) in FIG. 10B is a diagram
showing another example of the structure for fixing the posi-
tion of the adjustment belt of the second embodiment.
[0026] (a)in FIG. 11 is a diagram showing an equivalent
circuit when a conductor piece and a resonance capacitor
element of the second embodiment are combined, and (b) in
FIG. 11 is a graph showing changes in various values accord-
ing to the sliding movement of the adjustment belt.

[0027] FIG. 12 is a perspective view when a circular BC
coil of a third embodiment is obliquely viewed.

[0028] (a) in FIG. 13 is a developed diagram obtained by
cutting an example of the circular BC coil of the third embodi-
ment in parallel with the central axis and expanding the result
to the left and right, and (b) in FIG. 13 is a diagram showing
an adjustment belt of a tuning mechanism of the circular BC
coil of the third embodiment.

DESCRIPTION OF EMBODIMENTS

[0029] Hereinafter, preferred embodiments of an MRI
apparatus of the present invention will be described in detail
with reference to the accompanying diagrams. In addition, in
all diagrams for explaining the embodiments of the invention,
the same reference numerals are given to component having
the same functions, and repeated explanation thereof will be
omitted.

[0030] First, a complete overview of an example of an MRI
apparatus according to the present invention will be given
with reference to FIG. 1. FIG. 1 is a block diagram showing
the overall configuration of an embodiment of the MRI appa-
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ratus according to the present invention. This MRI apparatus
acquires a tomographic image of an object using an NMR
phenomenon. As shown in FIG. 1, the MRI apparatus is
configured to include a static magnetic field generation sys-
tem 2, a gradient magnetic field generation system 3, a signal
transmission system 5, a signal receiving system 6, a signal
processing system 7, a sequencer 4, and a central processing
unit (CPU) 8.

[0031] The static magnetic field generation system 2 gen-
erates a uniform static magnetic field in space around an
object 1 in a direction perpendicular to the body axis in the
case of a perpendicular magnetic field method and in the body
axis direction in the case of a horizontal magnetic field
method. A permanent magnet type, normal conduction type,
or superconducting type static magnetic field generator is
disposed around the object 1.

[0032] The gradient magnetic field generation system 3
includes gradient magnetic field coils 9 that apply a gradient
magnetic field in three axial directions of X, Y, and Z, which
are the coordinate system (stationary coordinate system) of
the MRI apparatus, and a gradient magnetic field power
source 10 that drives each gradient magnetic field coil, and
applies gradient magnetic fields Gx, Gy, and Gz in the three
axial directions of X, Y, and Z by driving the gradient mag-
netic field power source 10 of each coil according to a com-
mand from the sequencer 4, which will be described later. At
the time of imaging, a slice direction gradient magnetic field
pulse (Gs) is applied in a direction perpendicular to the slice
surface (imaging cross-section) in order to set the slice sur-
face for the object 1, and a phase encoding direction gradient
magnetic field pulse (Gp) and a frequency encoding direction
gradient magnetic field pulse (Gf) are applied in the two
remaining directions, which are perpendicular to the slice
surface and are also perpendicular to each other, so that the
position information in each direction is encoded in the echo
signal.

[0033] The sequencer 4 is control means for repeatedly
applying a high-frequency magnetic field pulse (hereinafter,
referred to as an “RF pulse”) and a gradient magnetic field
pulse according to a predetermined pulse sequence, and oper-
ates under the control of the CPU 8 and transmits various
commands, which are required to collect data of a tomo-
graphic image of the object 1, to the signal transmission
system 5, the gradient magnetic field generation system 3,
and the signal receiving system 6.

[0034] The signal transmission system 5 emits RF pulses to
the object 1 in order to cause nuclear magnetic resonance in
the nuclear spins of atoms which form the body tissue of the
object 1, and is configured to include a high-frequency oscil-
lator 11, a modulator 12, a high-frequency amplifier 13, and a
transmission-side high-frequency coil (transmission coil)
14a. RF pulses output from the high-frequency oscillator 11
are amplitude-modulated by the modulator 12 at the timing
according to the command from the sequencer 4, and the
amplitude-modulated RF pulses are amplified by the high-
frequency amplifier 13 and are then supplied to the high-
frequency coil 14a disposed adjacent to the object 1. As a
result, RF pulses are emitted to the object 1.

[0035] The signal receiving system 6 detects an echo signal
(NMR signal) emitted by nuclear magnetic resonance of the
nuclear spins, which form the body tissue of the object 1, and
is configured to include a receiving-side high-frequency coil
(receiving coil) 145, a signal amplifier 15, a quadrature phase
detector 16, and an A/D converter 17. The NMR signal of the
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response of the object 1 induced by the electromagnetic
waves emitted from the transmission-side high-frequency
coil 14q is detected by the high-frequency coil 145 disposed
adjacent to the object 1 and is amplified by the signal ampli-
fier 15. Then, at a timing according to the command from the
sequencer 4, the NMR signal is divided into two signals
perpendicular to each other by the quadrature phase detector
16, and each of the signals is converted into a digital amount
by the A/D converter 17 and is transmitted to the signal
processing system 7.

[0036] The signal processing system 7 performs display,
saving, and the like of various kinds of data processing and
processing results, and includes a memory 18 such asa RAM
and a ROM, an external storage device 19 such as an optical
disc or a magnetic disk, and a display device 20 such as a
liquid crystal display. When data from the signal receiving
system 6 is input to the CPU 8, the CPU 8 executes process-
ing, such as signal processing and image reconstruction, and
displays a tomographic image of the object 1, which is the
result, on the display device 20 and also records the tomo-
graphic image on the external storage device 19.

[0037] An operating unit 25 inputs various kinds of control
information of the MRI apparatus or control information of
processing performed in the signal processing system 7, and
is configured to include an input device 21, such as a track
ball, a mouse, and a keyboard. The operating unit 25 is dis-
posed adjacent to the display device 20, so that the operator
controls various kinds of processing of the MRI apparatus
interactively through the operating unit 25 while watching the
display device 20.

[0038] In addition, in FIG. 1, the transmission-side high-
frequency coil 14a and the gradient magnetic field coil 9 are
provided in the static magnetic field space of the static mag-
netic field generation system 2, into which the object 1 is
inserted, so as to face the object 1 in the case of the perpen-
dicular magnetic field type and so as to surround the object 1
in the case of the horizontal magnetic field type. In addition,
the receiving-side high-frequency coil 145 is provided so as
to face or surround the object 1.

[0039] Currently, nuclides imaged by an MRI apparatus,
which are widely used clinically, are a hydrogen nucleus
(proton) that is a main component material of the object. The
shapes or functions of the head, abdomen, limbs, and the like
of'the human body are imaged in a two-dimensional or three-
dimensional manner by imaging the information regarding
the spatial distribution of the proton density or the spatial
distribution of the relaxation time of the excited state.

[0040] First, the outline of the present invention will be
described. In the present invention, in a BC coil, an adjust-
ment belt to change the apparent capacitances of a plurality of
resonance capacitor elements collectively is slidably dis-
posed on the outer periphery of a ring-shaped (loop-shaped)
conductor element with a dielectric member interposed ther-
ebetween. Specifically, there is provided a BC coil including:
two ring-shaped conductor elements in which a plurality of
resonance capacitor elements are inserted in series; and a
plurality of linear conductor elements electrically connected
to the two ring-shaped conductor elements. An adjustment
belt to change apparent capacitances of the plurality of reso-
nance capacitor elements collectively is slidably disposed on
an outer periphery of at least one of the two ring-shaped
conductor elements with a dielectric member interposed ther-
ebetween.

May 29, 2014

[0041] The adjustment belt has a belt shape, and is formed
by arranging a conductor piece and a slit portion, which
insulates the adjacent conductor pieces from each other, alter-
nately. The adjustment belt is formed in an annular shape in a
state where the adjustment belt is disposed at the outer periph-
ery of the ring-shaped conductor element. In addition the
conductor piece is disposed near a position facing the reso-
nance capacitor element in a state where the adjustment belt
is disposed on the outer periphery of the ring-shaped conduc-
tor element. Accordingly, stray capacitance is generated
between the conductor piece and a conductor portion of the
ring-shaped conductor element in parallel with the resonance
capacitor element. Since the stray capacitance is changed by
the sliding movement of the adjustment belt relative to the
ring-shaped conductor element, the combined capacitance of
the stray capacitance and the capacitance of the resonance
capacitor element changes according to the amount of sliding
movement of the adjustment belt. The apparent capacitance
when viewed from both ends of the resonance capacitor ele-
ment disposed in the ring-shaped conductor element is the
combined capacitance.

[0042] Therefore, since the apparent capacitances of a plu-
rality of resonance capacitor elements can be changed collec-
tively according to the amount of sliding movement of the
adjustment belt, it is possible to tune the resonance frequency
of the BC coil. Hereinafter, the change in the capacitance of
the resonance capacitor element means changing the apparent
capacitance of the resonance capacitor element by changing
the stray capacitance as described above instead of actually
changing the capacitance of the resonance capacitor element
itself.

[0043] Hereinafter, each embodiment of the present inven-
tion will be described in detail.

First Embodiment

[0044] Hereinafter, a firstembodiment of the present inven-
tion will be described. The first embodiment is an elliptical
cylindrical BC coil (hereinafter, referred to as an elliptical BC
coil) having an ellipse as a cross-sectional shape of a BC coil.
That is, in the elliptical BC coil of the first embodiment, the
shape of a ring-shaped conductor element is an ellipse, and a
plurality of linear conductor elements are disposed along the
elliptical ring-shaped cylindrical curved surface. In addition,
an adjustment belt to change the capacitances of a plurality of
resonance capacitor elements, which are inserted in series in
an elliptical ring-shaped conductor element, collectively is
disposed on the outer periphery of the elliptical ring-shaped
conductor element with a dielectric sheet, which also serves
to insulate the adjustment belt and the elliptical ring-shaped
conductor elements from each other, interposed therebetween
so as to be slidable in the circumferential direction of the
elliptical ring-shaped conductor element. A plurality of con-
ductor pieces are disposed in the adjustment belt, and the
adjustment belt is slid in the circumferential direction of the
elliptical ring-shaped conductor element to change the stray
capacitance formed between the conductor piece and the
elliptical ring-shaped conductor element. Accordingly, since
the capacitances of the plurality of resonance capacitor ele-
ments disposed in the elliptical ring-shaped conductor ele-
ment are changed collectively, the resonance frequency of the
elliptical BC coil is changed.

[0045] First, the structure of the elliptical BC coil of the first
embodiment will be described with reference to FIGS. 2A
and 2B. FIG. 2A is a perspective view when the elliptical BC



US 2014/0145722 Al

coil is viewed obliquely, and FIG. 2B is a diagram when the
elliptical BC coil is viewed from one side of the central axis
201 direction.

[0046] The elliptical BC coil of'the first embodiment is of a
high pass type. As shown in FIGS. 2 and 3, the elliptical BC
coil of'the first embodiment is configured to include: 4N (N is
a natural number, N=3 in the diagrams) linear conductor
elements 202 disposed in parallel with the central axis 201
along the elliptical cylindrical curved surface having a long
axis diameter A and a short axis diameter B; two elliptical
ring-shaped conductor elements 203a¢ and 2035 disposed
along the elliptical cylindrical curved surface with a point on
the central axis 201 as the center; 8N (N is a natural number)
resonance capacitor elements 204 inserted in series in each of
the two elliptical ring-shaped conductor elements 203a and
2035; first and second feed points 205a and 2055 for connect-
ing the elliptical BC coil to a high-frequency circuit; and a
tuning mechanism (not shown in FIG. 2A) to be described
later. The resonance capacitor element 204 is inserted
between the connection points of the elliptical ring-shaped
conductor element and the linear conductor element. In the
first embodiment, the linear conductor element 202 and the
elliptical ring-shaped conductor element 203 are formed as
sheet-like conductors having a thickness of about tens to
hundreds of micrometers. As a conductor sheet, a metal mem-
ber having excellent electric conductivity, such as copper or
aluminum, is used. In FIGS. 2A and 2B, the central axis 201
direction is a z axis, the long axis direction is an X axis, and the
short axis direction is a y direction.

[0047] The two elliptical ring-shaped conductor elements
203a and 2035 are disposed such that their loop surfaces are
parallel to each other. That is, the two elliptical ring-shaped
conductor elements 203a and 2035 are disposed such that the
loop surfaces are perpendicular to the central axis 201. In
addition, both ends of each linear conductor element 202 are
electrically connected to the elliptical ring-shaped conductor
element 203 at connection points 206. In addition, since the
elliptical ring-shaped conductor element is formed as a sheet-
like conductor, the width direction of the sheet-like conductor
is the central axis 201 direction, and the thickness direction of
the sheet-like conductor is a direction perpendicular to the
central axis 201. In addition, similar to the elliptical cylindri-
cal curved surface, the long axis diameter and the short axis
diameter of the elliptical ring-shaped conductor element 203
are A and B, and A>B. Preferably, a ratio A/B is equal to or
greater than 1.1 and equal to or less than 1.5.

[0048] The “4N” linear conductor elements 202 are dis-
posed so as to be axisymmetric with respect to the long axis (x
axis) and the short axis (y axis) of the elliptical cylindrical
curved surface. In the example shown in FIGS. 2A and 2B,
four of the “4N” linear conductor elements are disposed so as
to pass through an intersection between the long axis (x axis)
and the short axis (y axis) of the elliptical cylindrical curved
surface. The remaining “4(N-1)" linear conductor elements
202 are disposed at positions that are axisymmetric with
respect to the long axis (x axis) and the short axis (y axis) of
the elliptical cylindrical curved surface.

[0049] Inthe elliptical ring-shaped conductor element 203,
a conductor portion having connection points, which are con-
nected to the two adjacent linear conductor elements 202, as
both ends is called an arc-shaped conductor. The resonance
capacitor elements (Dn, En (n=1, 2, 3, . . . )) 204 having the
same capacitance are inserted in each arc-shaped conductor.
The capacitance is selected so that the elliptical BC coil
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resonates at a nuclear magnetic resonance frequency (fc).
Here, as for the same capacitance, each capacitance may vary
within the allowable range taking the manufacturing varia-
tions into consideration. In this sense, respective capacitances
are substantially the same or approximately the same. In the
first embodiment, the variation in the capacitance of the reso-
nance capacitor element is allowable up to about 10%. The
same capacitance is used in this sense hereinbelow. In this
manner, by making all of the resonance capacitor elements
204 have the same capacitance, it is possible to reduce the
effort and cost at the time of manufacturing. As a result, it is
possible to reduce the variation in performance. In addition,
the resonance capacitor element 204 may be formed by a
plurality of capacitive elements. In this case, the combined
capacitance of the plurality of capacitive elements is the
capacitance of the resonance capacitor element 204.

[0050] The first and second feed points 205a and 2056 are
disposed at positions which are axisymmetric with respect to
the long axis (x axis) or the short axis (y axis) and at which,
when electric power is supplied to one of the teed points, the
amplitude of the high-frequency current flowing through the
other feed point is minimized. The feed points 205a and 2055
are connected to both ends of' the resonance capacitor element
204 through a Balun.

[0051] However, when the linear conductor elements 202
are disposed so as to be axisymmetric with respect to the long
axis and the short axis of the elliptical cylindrical curved
surface as described above, the inductance of the linear con-
ductor element 202 and the inductance of the arc conductor
become asymmetrical. Accordingly, in the same resonance
capacitor element 204 disposed in the elliptical ring-shaped
conductor element 203, it is difficult to make the elliptical BC
coil resonate at the nuclear magnetic resonance frequency
(fc). In the first embodiment, therefore, the inductances of the
“4N” linear conductor elements 202 arrayed in parallel are
changed stepwise in the circumferential direction of the ellip-
tical cylindrical curved surface (that is, in the circumferential
direction of the elliptical ring-shaped conductor 203). Spe-
cifically, a distance between the centers of the linear conduc-
tor elements 202 is increased toward the long axis direction
from the short axis direction of the elliptical cylindrical
curved surface (thatis, toward the long axis direction from the
short axis direction of the elliptical ring-shaped conductor
203).

[0052] As an example, when forming the linear conductor
element 202 and the elliptical ring-shaped conductor element
203 as sheet-like conductors, the width of a central portion
(rung portion) of the linear conductor element 202 in the
circumferential direction of the elliptical cylindrical curved
surface is increased toward the long axis direction from the
short axis direction of the elliptical cylindrical curved sur-
face. In addition, the width of the sheet-like conductor of the
elliptical ring-shaped conductor element 203 in the central
axis 201 direction is assumed to be approximately constant.
As a result, the arrangement density of the linear conductor
elements 202 in the circumferential direction of the elliptical
cylindrical curved surface is high in the short axis of the
elliptical cylindrical curved surface, and decreases toward the
long axis direction from the short axis direction. This bal-
ances out the asymmetry of the inductance of the linear con-
ductor element 202 and the inductance of the arc-shaped
conductor due to the elliptical cylindrical shape. Therefore,
even if the plurality of resonance capacitor elements 204 (Dn,
En (n=1, 2, 3, . . .)) inserted in series in the elliptical ring-
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shaped conductor element 203 have the same capacitance
value, it is possible to set the nuclear magnetic resonance
frequency (fc) as a resonance frequency of the elliptical BC
coil.

[0053] FIG.3isadeveloped diagram obtained by cutting an
example of the elliptical BC coil of the first embodiment in
parallel with the central axis 201 and expanding the result to
the left and right. Here, a tuning mechanism, which will be
described later, is not shown. The left and right direction in
FIG. 3 corresponds to the circumferential direction.

[0054] The width of the central portion of each linear con-
ductor element 202 in the circumferential direction (left and
right direction in the developed diagram of FIG. 3) is differ-
ent. Accordingly, the arrangement interval or the arrangement
density of the linear conductor elements 202 in the circum-
ferential direction is different. Since the arrangement density
of'the linear conductor elements in the short axis direction of
the elliptical annular curved surface is high as described
above, a central portion in FIG. 3 corresponds to the short axis
direction.

[0055] Each linear conductor element 202 has a central
portion (rung portion) having a fixed width and wide portions
which are located at both ends and whose widths in the
circumferential direction are larger than the width of the rung
portion. In addition, each linear conductor element 202 is
disposed such that a gap is formed between the wide portions
of'the adjacent linear conductor elements 202. The resonance
capacitor element 204 is disposed in a gap between the wide
portions, and adjacent wide portions are electrically con-
nected (soldered) to each other through the resonance capaci-
tor element 204. That is, since both of the ends (wide por-
tions) of the linear conductor element 202 are electrically
connected to each other through the resonance capacitor ele-
ment 204, the elliptical ring-shaped conductor element 203 is
formed at both of the ends (wide portions). In addition, since
the plurality of linear conductor elements 202 are electrically
connected to each other at both ends thereof through the
resonance capacitor element 204, an elliptical BC coil is
formed. In addition, as described above, since the distance
between the centers of the linear conductor elements 202 is
increased toward the long axis direction from the short axis
direction of the elliptical cylindrical curved surface, the
arrangement interval of each resonance capacitor element
204 disposed in a gap is increased toward the long axis direc-
tion from the short axis direction of the elliptical cylindrical
curved surface (that is, toward the long axis direction from the
short axis direction of the elliptical ring-shaped conductor
element 203).

[0056] (Description of a Tuning Mechanism)

[0057] Next, a tuning mechanism of the elliptical BC coif
of the first embodiment will be described.

[0058] Inorderto tunethe elliptical BC coil, that is, in order
to match the resonance frequency of the elliptical BC coil
with the nuclear magnetic resonance frequency (fc), the
capacitances of the resonance capacitor elements 204 [ Dn, En
(n=1, 2, 3,...)] inserted in series in the elliptical ring-shaped
conductor element 203 are adjusted. Since the capacitances of
the resonance capacitor elements 204 are the same, substan-
tially the same capacitance changes are collectively per-
formed for the resonance capacitor elements 204. In order to
realize this, as shown in FIG. 2B, an adjustment belt 251 and
the elliptical ring-shaped conductor element 203 are disposed
s0 as to face each other with a dielectric sheet (an example of
a dielectric member) 261, which also serves as an insulating
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sheet, interposed therebetween, so that the sliding movement
of'the adjustment belt 251 relative to the elliptical ring-shaped
conductor element 203 can be manually performed in the
circumferential direction of the elliptical annular curved sur-
face, that is, the rotational movement of the adjustment belt
251 relative to the elliptical ring-shaped conductor element
can be manually performed concentrically.

[0059] In this manner, it is possible to perform well-bal-
anced tuning of the elliptical BC coil as viewed from the first
and second feed points 205a and 2055b. In addition, a tuning
mechanism may be disposed in one of the two elliptical
ring-shaped conductor elements 203a and 2035 (203a in F1G.
2A). However, it is also possible to dispose the tuning mecha-
nism in each of both the elliptical ring-shaped conductor
elements 2034 and 2035.

[0060] As shown in FIG. 4, the adjustment belt 251 has a
belt shape, and is formed by arranging a conductor piece 402
and a slit portion 403, which insulates the adjacent conductor
pieces 402 from each other, alternately. Each conductor piece
402 is disposed on the inner side of the adjustment belt 251
near a position facing the resonance capacitor element in a
state where the adjustment belt 251 is disposed on the outer
periphery of the elliptical ring-shaped conductor element
203. Thus, as an example of forming the adjustment belt 251,
the adjustment belt 251 is formed by bonding the conductor
pieces 402 on the surface of a belt-shaped insulating member
(substrate material) 401 facing the elliptical ring-shaped con-
ductor element 203 intermittently in the longitudinal direc-
tion of the belt-shaped insulating member 401 (that is, in the
circumferential direction of the elliptical annular curved sur-
face). In this case, a portion of the belt-shaped insulating
member 401 having no conductor piece 402 is the slit portion
403.

[0061] Each conductor piece 402 has a sheet shape, and is
disposed at positron covering the resonance capacitor ele-
ment 204 in the longitudinal direction of the belt-shaped
insulating member 401, that position being a position facing
the resonance capacitor element 204 inserted in the elliptical
ring-shaped conductor element 203. The conductor piece 402
is for forming a stray capacitance between each of both sides
of' the facing resonance capacitor element 204 and a conduc-
tor portion of the elliptical ring-shaped conductor element
203. In addition, the stray capacitance is changed by sliding
the adjustment belt 251 in the circumferential direction of the
elliptical ring-shaped conductor element 203 or rotating the
adjustment belt 251 concentrically with the elliptical ring-
shaped conductor element 203.

[0062] This stray capacitance can be regarded as a capaci-
tive element disposed in parallel with the resonance capacitor
element 204. In addition, when viewed from both ends of the
resonance capacitor element 204, the combined capacitance
of'the capacitance of the resonance capacitor element and the
stray capacitance is the apparent capacitance of the resonance
capacitor element. That is, the apparent capacitance of a
resonance capacitor element is a combined capacitance of the
capacitance of the resonance capacitor element and a stray
capacitance that is formed between the conductor piece 402
and a conductor portion of a ring-shaped conductor element.
[0063] Therefore, since the apparent capacitance of the
resonance capacitor element, which is a combined capaci-
tance, can be changed through a change in the stray capaci-
tance by sliding the adjustment belt 251, the capacitance of
the resonance capacitor element 204 can be changed (that is,
adjusted) in an equivalent manner. As a result, since the appar-
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ent capacitances of a plurality of resonance capacitor ele-
ments can be changed collectively in a balanced manner by
sliding the adjustment belt 251 in the circumferential direc-
tion of the ring-shaped conductor element 203, it is possible
to change (tune) the resonance frequency of the elliptical BC
coil.

[0064] The width of the conductor piece 402 in the central
axis 201 direction may be determined on the basis of the
adjustable range of the capacitance of the resonance capacitor
element 204, and may be substantially the same as the width
of the elliptical ring-shaped conductor element 203. For
example, the width of the conductor piece 402 in the central
axis 201 direction can be set to about 20 mm to 80 mm. The
thickness of the conductor piece 402 in a direction perpen-
dicular to the circumferential direction of the elliptical annu-
lar curved surface may be a thickness allowing flexibility so
asto be able to maintain a sheet-like shape. For example, good
conductor metal (for example, copper or aluminum) having a
thickness of about 0.01 mm to 0.1 mm can be used.

[0065] It is preferable that the width of the belt-shaped
insulating member 401 in the central axis 201 direction be
equal to or greater than the width of the conductor piece 402
in the same direction, and the thickness of the belt-shaped
insulating member 401 in a direction perpendicular to the
circumferential direction of the elliptical annular curved sur-
face may be a thickness allowing flexibility so as to be able to
maintain a sheet-like shape. For example, a glass epoxy sheet
having a thickness of about 0.1 mm to 0.5 mm can be used.
[0066] In order to insulate the adjustment belt 251 and the
elliptical ring-shaped conductor element 203 from each other,
the width of the dielectric sheet 261 in the central axis 201
direction is made to be larger than the width of the conductor
piece 402. The thickness in a direction perpendicular to the
circumferential direction of the elliptical annular curved sur-
face can be set to about 0.1 mm to 0.5 mm. As a material, a
fluorine resin sheet with little dielectric loss or the like can be
used.

[0067] (Shape of a Conductor Piece)

[0068] FIG. 5 shows an example of the shape of the con-
ductor piece 402. The conductor piece 402 is formed by
arranging two stray capacitance forming portions 5024 and
5025, which are for forming a stray capacitance with a con-
ductor portion of the elliptical ring-shaped conductor element
203, so as to face each other with a gap (cut) portion 504
interposed therebetween and forming a connecting conductor
portion 503, which electrically connects the two stray capaci-
tance forming portions 502a and 5024 to each other, on a
conductor sheet. As a whole, the conductor piece 402 has a
shape having protruding portions 502a and 5025 in the same
direction at both ends of the connecting conductor portion
503. From another perspective, it can also be said that the
conductor piece 402 has a shape in which the gap portion 504
is formed on one side of the central portion in an approxi-
mately rectangular shape. There is no conductor in the gap
portion 504.

[0069] The gap portion 504 is formed so as to face the
resonance capacitor element 204 disposed in the elliptical
ring-shaped conductor element 203. The reason for providing
the gap portion 504 in this manner is that eddy current gen-
erated in the conductor piece 402 due to the application of the
gradient magnetic field is suppressed by blocking the path
along which the eddy current flows. In addition, the stray
capacitance forming portions 502a and 5025 of the conductor
piece 402 equivalently overlap the conductor portion of the
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elliptical ring-shaped conductor element 203. Therefore,
even if a maximum voltage is generated between the stray
capacitance forming portions 502a and 5025 and the conduc-
tor portion of the elliptical ring-shaped conductor element
203, the risk of discharge via the conductor piece 402 is
reduced between conductor portions of the elliptical ring-
shaped conductor elements 203 on both sides of the reso-
nance capacitor element 204 interposed therebetween.
[0070] In addition, if the generation of eddy current does
not cause any problem and there is no need to suppress the
discharge risk, the shape of the conductor piece 402 may be a
square, a rectangle, a polygon, and a circle, or an ellipse with
no gap portion 504.

[0071] Lengths 511a and 5115 of the stray capacitance
forming portions 502a and 5024 in the circumferential direc-
tion of the adjustment belt 251 and a length 512 of each of the
stray capacitance forming portions 502a and 5025 in the
width direction of the adjustment belt 251 are determined on
the basis of the adjustable range of the capacitance of the
resonance capacitor element 204.

[0072] Since the connecting conductor portion 503 is a
conductor for electrically connecting the stray capacitance
forming portions 5024 and 5024 to each other, a length 513 of
the connecting conductor portion 503 in the width direction
of the adjustment belt 251 can be arbitrarily increased or
decreased in a range where the mechanical stability can be
maintained.

[0073] (Structure of a Tuning Mechanism)

[0074] The structure of the tuning mechanism will be
described with reference to FIGS. 6A, 6B, 6C and 7.

[0075] FIG. 6A is a developed diagram obtained by cutting
an elliptical BC coil with a tuning mechanism in parallel with
the central axis 201 and expanding the result to the left and
right. The left and right direction in FIG. 6A corresponds to
the circumferential direction. FIG. 6 A(a) shows a case where
the arrangement position of the adjustment belt 251 is setin a
positional relationship in which the gap portion 504 of each
conductor piece 402 of the adjustment belt 251 is disposed at
a position where each resonance capacitor element 204 is
disposed. FIG. 6 A(b) shows a case where the gap portion 504
of'each conductor piece 402 is shifted to the right with respect
to a gap between the linear conductor elements 202 by sliding
the adjustment belt 251 from the state of FIG. 6A(a) to the
right (that is, in the circumferential direction) in the diagram.
[0076] Although the dielectric sheet 261 (not shown) is
disposed between the elliptical ring-shaped conductor ele-
ment 203 and the adjustment belt, the dielectric sheet 261
may be fixed to the elliptical ring-shaped conductor element
203 side with adhesive or screws so as to cover the wide
portion of the linear conductor element 202 that also serves as
the elliptical ring-shaped conductor element 203. Alterna-
tively, the adjustment belt 251 and the dielectric sheet 261
may be integrally formed by combining them physically with
screws etc. In this case, the adjustment belt 251 and the
dielectric sheet 261 slide integrally and are screwed.

[0077] The adjustment belt 251 is slidably disposed on the
outer periphery of the dielectric sheet 261. In addition, a guide
groove that houses the elliptical ring-shaped conductor ele-
ment 203, the dielectric sheet 261, and the adjustment belt
251 and guides the sliding movement of the adjustment belt is
provided on a bobbin for housing an electrical circuit portion
of' the elliptical BC coil.

[0078] FIG. 6B shows an example of a guide groove pro-
vided on a bobbin. FIG. 6B shows a cross-sectional view of a
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guide groove 651 provided at the bobbin end of the elliptical
BC coil. A bottom side of the guide groove 651 is the central
axis 203 side, and a direction perpendicular to this cross-
section (direction perpendicular to the paper surface) is the
circumferential direction. In the guide groove 651 which has
an outer frame cross-section of a rectangular shape having a
narrow opening 653 on the top side and in which the inside of
the outer frame is vacant, the elliptical ring-shaped conductor
element 203, the dielectric sheet 261, and the adjustment belt
251 are housed in the guide groove 651 from the bottom side
(central axis 201 side) so as to form three layers. Since the
elliptical ring-shaped conductor element 203 is formed inte-
grally with the linear conductor element 202, a through hole
654 through which the linear conductor element 202 passes is
formed on the side surface of the guide groove on the linear
conductor element 202 side. In addition, the elliptical BC coil
is tuned by manually sliding the adjustment belt 251 in the
circumferential direction of the elliptical ring-shaped con-
ductor element 203 through the opening 653. After determin-
ing the position of the adjustment belt 251, the adjustment
belt 251 is fixed by pressing the outer frame with a screw 652.
[0079] In addition, FIG. 6C shows another example of the
mechanism for fixing the position of the adjustment belt 251.
Inthe example shown in FI1G. 6C, a fixing belt 661 is disposed
on the outer periphery of the adjustment belt 251, and the
effective circumference of the fixing belt 661 is changed so
that the adjustment belt 251 is loosened or fixed by being
tightened so as to be pressed against the elliptical ring-shaped
conductor element 203. In order to realize this, the fixing belt
661, the adjustment belt 251, and the dielectric sheet 261 are
integrated. In addition, these are slid integrally in the circum-
ferential direction. Here, the effective circumference of the
fixing belt 661 is a combined circumference of a distance
between both ends of the fixing belt 661 and the circumfer-
ence of the fixing belt 661, and the effective circumference of
the fixing belt 661 is changed by increasing or decreasing the
distance between both ends of the fixing belt 661.

[0080] Specifically, as shown in FIG. 6C(a), the fixing belt
661, the adjustment belt 251, and the dielectric sheet 261 are
integrated by making a countersunk screw 662 pass through
the fixing belt 661, the adjustment belt 251, and the dielectric
sheet 261 and tightening the countersunk screw 662 with a
hexagon nut 663. FIG. 6C(a) shows a cross-sectional view of
the integrated structure. The fixing belt 661 is formed of
polycarbonate having a thickness of 1 mm to 3 mm.

[0081] FIG. 6C(b) shows an example of a fastener that
changes the effective circumference of the fixing belt 611 by
connecting both ends of the fixing belt 661 to each other to
change the distance between both of the ends. The left dia-
gram of FIG. 6C(b) shows a front view when a fastener is
viewed from the top, and the right diagram shows a part of a
bobbin 682 end and a structure reinforcing rib 681, which is
disposed at the end, of an elliptical BC coil. The fastener
shown in FIG. 6C(b) mainly includes a fastener frame 671, a
fixture 673a, a tension generator 6735, and a tightening
adjustment screw 672, and both ends of the fixing belt 661 are
connected to the fastener so that the effective circumference
of the fixing belt is changed.

[0082] One end of the fixing belt 661 is fixed to one end of
the fastener frame 671 in the longitudinal direction with a
screw 674. In addition, the fastener frame 671 is disposed
such that one end of the fastener frame 671 in the lateral
direction is in contact with the rib 681 of the bobbin 682 of the
elliptical BC coil.
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[0083] In the fastener frame 671, the fixture 673a and the
tension generator 6735 each having a trapezoidal shape are
disposed. The fixture 673a is a part to which the other end of
the fixing belt 661 is fixed with the screw 674 and which is
disposed so as to be slidable in the longitudinal direction with
respect to the fastener frame 671. In addition, the tension
generator 6735 is a part that is disposed between the other end
of'the fastener frame 671 in the longitudinal direction and the
fixture 6734 and that is disposed along the other end of the
fastener frame 671 in the longitudinal direction so as to be
slidable in the lateral direction. Trapezoidal slopes of the
fixing portion 673a and the tension generator 67356 are in
contact with each other so as to be slidable.

[0084] The tightening adjustment screw 672 passes
through the rib 681 and the fastener frame 671 and is screwed
inside the tension generator 6735. Inthe rib 681, a screw hole
(not shown) that is long in the circumferential direction is
provided. The fastener is moved in the circumferential direc-
tion by moving the tightening adjustment screw 672 in the
circumferential direction in the screw hole that is long in the
circumferential direction. With the movement of the fastener
in the circumferential direction, the fixing belt 661, the
adjustment belt 251, and the dielectric sheet 261 slide inte-
grally in the circumferential direction. Accordingly, the
apparent capacitance adjustment of the resonance capacitor
element 204 is performed by moving the tightening adjust-
ment screw 672 in the circumferential direction within the
range of the screw hole provided in the rib 681.

[0085] By rotating the tightening adjustment screw 672, the
tension generator 6735 slides in the lateral direction of the
fastener frame 671. The fixture 673a slides in the longitudinal
direction of the fastener frame 671 according to the sliding
movement of the tension generator 6735, and the effective
circumference of the fixing belt 661 is changed according to
the sliding movement of the fixture 673« in the longitudinal
direction of the fastener frame 671. Specifically, when the
tension generator 6735 is slid so as to be pulled to the tight-
ening adjustment screw 672 side by rotating the tightening
adjustment screw 672 in one direction, the fixture 673a slides
to one end side of the fastener frame 671 in the longitudinal
direction. Then, the distance between both ends of the fixing
belt 661 is reduced, and the effective circumference is short-
ened. As a result, the adjustment belt 251 is fixed by being
pressed against the elliptical ring-shaped conductor element
203 by the fixing belt 661. Alternatively, when the tension
generator 67354 is slid so as to be away from the tightening
adjustment screw 672 side by rotating the tightening adjust-
ment screw 672 in the opposite direction, the fixture 673a
slides to the tension generator 6735 side. Then, the distance
between both ends of the fixing belt 661 is increased, and the
effective circumference is increased. As a result, since the
fixing belt 661 and the adjustment belt 251 are loosened in the
circumferential direction, the integral sliding movement of
the fixing belt 661 and the adjustment belt 251 becomes
possible.

[0086] In addition, fixation of the adjustment belt 251 by
the fixing belt 661 can also be applied to a cylindrical BC coil
in a third embodiment to be described later. That is, a fixing
belt is further disposed on the outer periphery of an adjust-
ment belt disposed on the outer periphery of an arbitrary
ring-shaped conductor element which may be elliptical or
circular, and the adjustment belt is fixed by being tightened so
asto be pressed against the ring-shaped conductor element by
the fixing belt. In order to realize this, a fastener that connects
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both ends of a fixing belt to each other to change the effective
circumference of the fixing belt is provided.

[0087] Inaddition, FIG. 7 shows an enlarged view of a part
of a three-layer structure including the resonance capacitor
element 204 inserted in series in the elliptical ring-shaped
conductor element 203, the dielectric sheet 261, and the
adjustment belt 251 facing the resonance capacitor element
204 with the dielectric sheet 261 interposed therebetween. In
addition, although all of the above components are curved
along the elliptical annular curved surface, they are shown in
flat shapes in F1G. 7 so0 as to be easily understood. In addition,
a distance between the respective layers is also expanded.
[0088] As described above, the elliptical ring-shaped con-
ductor element 203 is formed by the wide portion of the linear
conductor element 202, the resonance capacitor element 204
is disposed in a gap between adjacent wide portions (that is, in
a separation portion 703 of the elliptical ring-shaped conduc-
tor element 203), and the elliptical ring-shaped conductor
element 203 is electrically connected (that is, soldered 702a
and 7024) to the adjacent wide portions at both ends of the
resonance capacitor element 204. FIG. 7(a) shows a case
where the adjustment belt 251 is disposed such that the con-
ductor piece 402 and the gap portion 504 are symmetrical
with respect to the resonance capacitor element 204 in the
longitudinal direction of the elliptical ring-shaped conductor
element 402, FIG. 7(b) shows a case where the adjustment
belt 251 slides to the right side from the state of F1G. 7(a), and
FIG. 7(c) shows a case where the adjustment belt 251 slides to
the left side from the state of FIG. 7(a). As a whole, a con-
figuration is obtained in which the three-layer structure
shown in FIG. 7 is repeated in the longitudinal direction of the
elliptical ring-shaped conductor element 402 (that is, in the
circumferential direction).

[0089] In the three-layer arrangement described above, a
stray capacitance is formed between the stray capacitance
forming portion 502 of the conductor piece 402 and a con-
ductor portion of the elliptical ring-shaped conductor element
203. However, since a conductor is hardly present in the
separation portion 703, no stray capacitance is formed
between the stray capacitance forming portion 502 and the
separation portion 703. Accordingly, it is possible to change
the stray capacitance formed between the stray capacitance
forming portion 502 and the elliptical ring-shaped conductor
element 203 by changing the overlapping area of the stray
capacitance forming portion 502 and both the conductor por-
tion of the elliptical ring-shaped conductor element 203 and
the separation portion 703.

[0090] As shown in FIG. 7(a), in the arrangement in which
the conductor piece 402 and the gap portion 504 are sym-
metrical with respect to the separation portion 703 or the
resonance capacitor element 204 in the longitudinal direction
of'the adjustment belt 251 that is, in the arrangement in which
the gap portion 504 is located immediately above the separa-
tion portion 703 or the resonance capacitor element 204 in the
diagram), since the total area of each of the stray capacitance
forming portions 502a and 5025 overlaps the conductor por-
tion of the elliptical ring-shaped conductor element 203, both
of the stray capacitances formed are maximized.

[0091] Therefore, as shown in FIG. 7(), when the adjust-
ment belt 251 is slid to the right side, the overlapping area of
the stray capacitance forming portion 502a of the conductor
piece 402 and the conductor portion of the elliptical ring-
shaped conductor element 203 is not changed from that in the
case of (a), but the overlapping area of the stray capacitance
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forming portion 5024 of the conductor piece 402 and the
conductor portion of the elliptical ring-shaped conductor ele-
ment 203 becomes smaller than that in the case of (a).
[0092] Alternatively, as shown in FIG. 7(c), when the
adjustment belt 251 is slid to the left side, the overlapping area
of'the stray capacitance forming portion 5025 of the conduc-
tor piece 402 and the conductor portion of the elliptical ring-
shaped conductor element 203 is not changed from that in the
case of (a), but the overlapping area of the stray capacitance
forming portion 502a of the conductor piece 402 and the
conductor portion of the elliptical ring-shaped conductor ele-
ment 203 becomes smaller than that in the case of (a).
[0093] By forming the tuning mechanism as described
above and sliding the adjustment belt 251 in the longitudinal
direction (that is, in the circumferential direction) from the
state where the gap portion 504 of the conductor piece 402 is
disposed so as to cover the separation portion 703 or the
resonance capacitor element 204, the gap portion 504 of the
conductor piece 402 and the stray capacitance forming por-
tion 502 move relatively to the separation portion 703 and the
conductor portion of the elliptical ring-shaped conductor ele-
ment 203. As a result, since the overlapping area of the stray
capacitance forming portion 502 and the conductor portion of
the elliptical ring-shaped conductor element 203 changes
according to the amount of sliding movement, the stray
capacitance formed between the stray capacitance forming
portion 502 and the conductor portion of the elliptical ring-
shaped conductor element 203 changes. Since the resonance
frequency of the elliptical BC coil is determined by the stray
capacitance and the resonance capacitor element 204, the
resonance frequency of the elliptical BC coil can be changed
by changing the stray capacitance using the tuning mecha-
nism. Thus, the resonance frequency of the elliptical BC coil
can be adjusted so as to match the nuclear magnetic resonance
frequency (fc).

[0094] (Equivalent Circuit)

[0095] Next, a function of the conductor piece 402 will be
described using an equivalent circuit 800 combined with the
resonance capacitor element 204 shown in FIG. 8(a). As for
the relationship between each lumped constant and each ele-
ment of the tuning mechanism in the equivalent circuit 800,
the resonance capacitor element 204 corresponds to a capaci-
tor (C) 801, the stray capacitance forming portion 502a of the
conductor piece 402 corresponds to a capacitor (Ca) 802a, the
stray capacitance forming portion 50256 of the conductor
piece 402 corresponds to a capacitor (Cb) 8025, and the
connecting portion 503 of the conductor piece 402 corre-
sponds to an inductance (Lf) 803. In addition, since the con-
necting portion 503 is not changed even if the adjustment belt
251 slides, the inductance (Lf) is constant.

[0096] In addition, FIG. 8(b) is a graph showing various
changes according to the sliding movement of the adjustment
belt 251. The vertical axis indicates a relative value of each
value, and the horizontal axis indicates a relative position of
the adjustment belt. The middle of the horizontal axis shows
a case where the gap portion 504 becomes an opposite posi-
tion of the separation portion 703, the left side (origin side) of
the horizontal axis corresponds to a case where the adjust-
ment belt has slid to the left side in the longitudinal direction,
and the right side of the horizontal axis corresponds to a case
where the adjustment belt has slid to the right side in the
longitudinal direction. As described above, the capacitance of
Ca increases gradually as the gap portion 504 becomes close
to the separation portion 703 by sliding the adjustment belt
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251 to the right side, and becomes a maximum value when the
gap portion 504 is located near the opposite position of the
separation portion 703. Then, the maximum value is main-
tained. The state is shown by a one-dot chain line graph 851
in FIG. 8(b). On the other hand, the capacitance of Cb main-
tains a maximum value until the gap portion 504 becomes
close to the separation portion 703 by sliding the adjustment
belt 251 to the right side, and decreases gradually after the gap
portion 504 is located near the opposite position of the sepa-
ration portion 703. The state is shown by a dotted line graph
752 in FIG. 8(b).

[0097] A combined capacitance Ccmb of the equivalent
circuit 700 when the inductance (Lf) 703 can be regarded as
zero (0) is as follows.

Cemb=C+CaCb/{Ca+Ch} [1]

[0098] The second term (CaCb/{Ca+Cb}) in Expression
[1] increases gradually as the gap portion 504 becomes close
to the separation portion 703 by sliding the adjustment belt
251 to the right side, and becomes a maximum value when the
gap portion 504 is located near the opposite position of the
separation portion 703. Then, the second term(CaCb/{Ca+
Cb}) decreases gradually. The state is shown by a two-dot
chain line graph 853 in FIG. 8(5).

[0099] The resonance frequency (fr) when a resonance
capacitor element having the combined capacitance (Ccmb)
resonates with the inductance connected in series is as fol-
lows.

S 1/SQRT(Cemb) 2]

[0100] The state is shown by a solid line graph 854 in FIG.
8(b). From FIG. 8(b), it is understood that the resonance
frequency is changed by sliding the adjustment belt 251. That
is, it is understood that the resonance frequency of the ellip-
tical BC coil can be changed by sliding the adjustment belt
251 to the left and right in the circumferential direction and
accordingly the resonance frequency of the elliptical BC coil
can be tuned so as to match the nuclear magnetic resonance
frequency (fc).

[0101] (Tuning Procedure)

[0102] Next, the tuning procedure of the elliptical BC coil
using the above tuning mechanism will be described with
reference to the flow chart shown in FIG. 9.

[0103] Instep 901, an operator places an elliptical BC coil
in the static magnetic field space of the static magnetic field
generation system, and further places a model phantom
therein. Then, an impedance analyzer is connected to the first
and second feed points 205a and 2056 of the elliptical BC
coil.

[0104] In step 902, the operator places the adjustment belt
251 at a predetermined initial position. For example, the
adjustment belt is placed at the middle position of the range
where the resonance frequency can be adjusted. Specifically,
the gap portion 504 of the conductor piece 402 is placed at a
position slid about %4 from the separation portion 703 (for
example, placed at a position of 855 in FIG. 8(5)).

[0105] Instep 903, the operator measures the frequency (fr)
at which an S;, value (reflection loss; return loss) is mini-
mized using the impedance analyzer.

[0106] In step 904, the process proceeds to step 905 when
the frequency (fr) measured in step 902 is higher than the
nuclear magnetic resonance frequency (fc), and proceeds to
step 906 when the frequency (fr) measured in step 902 is
lower than the nuclear magnetic resonance frequency (fc). If
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the frequency (fr) measured in step 902 is equal to the nuclear
magnetic resonance frequency (fc), the tuning process ends to
proceed to step 907.

[0107] In step 905, the operator slides the adjustment belt
251 so thatthe frequency (fr), at which the S| | value measured
by the impedance analyzer is minimized, becomes low. For
example, the adjustment belt 251 is slid in the circumferential
direction so that the gap portion 504 of the conductor piece
402 becomes close to the separation portion 703 side. Then,
the process proceeds to step 903.

[0108] In step 906, the operator slides the adjustment belt
251 sothat the frequency (fr), at which the S, | value measured
by the impedance analyzer is minimized, becomes high. For
example, the adjustment belt 251 is slid in the circumferential
direction so that the gap portion 504 of the conductor piece
402 becomes away from the separation portion 703 side.
Then, the process proceeds to step 903.

[0109] In step 907, the operator fixes the adjustment belt
251 by tightening the screw 652 ofthe guide groove 651 ofthe
adjustment belt.

[0110] Theaboveisthe explanation of the tuning procedure
of' the elliptical BC coil.

[0111] Inaddition, in the above explanation, the case where
the number of linear conductor elements is 4m (m=1, 2, 3, ..
. ) has been described. However, in order to improve the
orthogonality between the feed ports 205a and 2055, it is also
possible to use an elliptical BC coil having (4m+2) linear
conductor elements by increasing two linear conductor ele-
ments. When the number of linear conductor elements is
“4m+2”, the number of linear conductor elements and the
number of resonance capacitor elements are simply increased
compared with a case when the number of linear conductor
elements is “4m”, and others are the same as a case when the
number of linear conductor elements is “4m”.

[0112] As described above, in the BC coil and the MRI
apparatus using the same of the first embodiment, an elliptical
BC coil having an elliptical cylindrical shape is used as the
BC coil, and an adjustment belt is slidably disposed on the
outer periphery of the elliptical ring-shaped conductor ele-
ment with a dielectric sheet interposed therebetween. A plu-
rality of conductor pieces are disposed in the adjustment belt
$0 as to cover resonance capacitor elements inserted in series
in the elliptical ring-shaped conductor element. Then, the
adjustment belt is slid in the circumferential direction (lon-
gitudinal direction of the adjustment belt). In this manner,
adjustments to change the apparent capacitances (that is, a
combined capacitance according to the combination with the
stray capacitance) of a plurality of resonance capacitor ele-
ments inserted in series in the elliptical ring-shaped conduc-
tor element can be collectively performed in a balanced man-
ner. As a result, since the resonance frequency of the elliptical
BC coil can be easily changed, the resonance frequency ofthe
elliptical BC coil can be tuned so as to match the nuclear
magnetic resonance frequency.

Second Embodiment

[0113] A second embodiment of the BC coil and the MRI
apparatus using the same of the present invention will be
described. In the first embodiment described above, an
example has been given which the adjustment belt is slid
along the circumferential direction of the elliptical ring-
shaped element. In the second embodiment, however, the
elliptical BC coil is tuned by sliding the adjustment belt in the
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central axis direction of the ring-shaped conductor element.
Hereinafter, the second embodiment will be described in
detail.

[0114] First, a tuning mechanism of the second embodi-
ment will be described with reference to FIG. 10A. FIG. 10A
shows an enlarged view when the arbitrary resonance capaci-
tor element 204 and a conductor portion near the resonance
capacitor element 204 in the elliptical ring-shaped conductor
element 203 and the conductor piece 402 of the adjustment
belt 251, which is present at a position facing the resonance
capacitor element 204, are viewed from a direction perpen-
dicularto the elliptical cylindrical curved surface. In addition,
the dielectric sheet 261 and the belt-shaped insulating mem-
ber 401 of the adjustment belt 251 are omitted.

[0115] By moving the adjustment belt 251 in the central
axis 201 direction of the ring-shaped conductor element (that
is, the elliptical cylindrical curved surface), the overlapping
area of each of the stray capacitance forming portions 502a
and 5025 of the conductor piece 402 and the conductor por-
tion of the elliptical ring-shaped conductor element 203 is
changed, and the stray capacitance is also changed according
to the area change. Specifically, in the arrangement relation-
ship shown in FIG. 10A, when the adjustment belt 251 is
pushed in the central axis 201 direction of the elliptical BC
coil, the overlapping area of each of the stray capacitance
forming portions 5024 and 5024 of the conductor piece 402
and the conductor portion of the elliptical ring-shaped con-
ductor element 203 is increased and accordingly the stray
capacitance is also increased. On the contrary, when the con-
ductor piece 402 is pulled out in the central direction of the
elliptical BC coil, the overlapping area of each of the stray
capacitance forming portions 502a and 5025 and the conduc-
tor portion of the elliptical ring-shaped conductor element
203 is reduced and accordingly the stray capacitance is also
reduced.

[0116] FIG. 10B(a) shows an example of a guide groove
that houses the elliptical ring-shaped conductor element 203,
the dielectric sheet 261, and the adjustment belt 251 and
guides the sliding movement of the adjustment belt 251 in the
central axis 201 direction and that is provided on a bobbin for
housing an electrical circuit of the elliptical BC coil in the
second embodiment.

[0117] FIG.10B(a)shows a cross-sectional view of a guide
groove 1001 provided at the bobbin end of the elliptical BC
coil of the second embodiment. Basically, the guide groove
1001 has the same structure as the guide groove 651 shown in
FIG. 6B described in the first embodiment. However, the
widths of the guide groove 1001 and its opening 1003 in the
central axis direction are increased so that the adjustment belt
251 can slide in the central axis 201 direction. In addition, a
support 1002 that supports a portion of the adjustment belt
251 pulled out in the central axis 201 direction is provided
inside the guide groove 1001.

[0118] Inaddition, a through hole 1005 through which the
linear conductor element 202 passes is formed on the side
surface of the guide groove on the linear conductor element
202 side. In addition, the elliptical BC coil is tuned by manu-
ally sliding the adjustment belt 251 in the central axis 201
direction through the opening 1003. After determining the
position of the adjustment belt 251, the adjustment belt 251 is
fixed by pressing from the outer frame with a screw 1004. A
plurality of screw holes of the bobbin 682 into which the
screw 1004 is inserted are provided. The positions of the
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screw hales are selected corresponding to the position of the
adjustment belt 251 slid in the central axis 201 direction,
thereby performing screwing.

[0119] In addition, FIG. 10B(b) shows another example of
the mechanism for fixing the position of the adjustment belt.
The example shown in FIG. 10B(b) is an example when the
structure example shown in FIG. 6C(b) described previously
is applied to the second embodiment. In order to make the
fixing belt 661, the adjustment belt 251, and the dielectric
sheet 261 slide integrally in the central axis 201 direction,
adjustment screws 1001a and 10015 for adjusting the posi-
tion of the fastener in the central axis 201 direction are dis-
posed at both ends of the fastener frame 671. Specifically, the
fastener frame 67 is brought close to or away from the rib 681
side by inserting the adjustment screws 1001 and 10015 into
both ends of the fastener frame 671 through the through holes
of the rib 681 and rotating both of the adjustment screws
10014 and 10015 in the same direction, thereby moving the
fastener in the central axis 201 direction. The fixing belt 661,
the adjustment belt 251, and the dielectric sheet 261 slide
integrally in the central axis 201 direction with the movement
of the fastener in the central axis 201 direction. In addition,
after determining the position of the adjustment belt 251 in
the central axis direction, the adjustment belt 251 is fixed by
rotating the tightening adjustment screw 672. Since the tight-
ening fixing structure is the same as the structure example
shown in FIG. 6C(b) described previously, detailed explana-
tion thereof will be omitted. In addition, in the tightening
adjustment screw 672 in the second embodiment, the neck
length is increased so that the possible range of the fastener in
the central axis 201 direction is covered.

[0120] An equivalent circuit in the second embodiment is
the same as that shown in FIG. 8(a) described in the first
embodiment. In particular, as shown in FIG. 10A, the stray
capacitance forming portions 502a and 5025 of the conductor
piece 402 are symmetrical with respect to the separation
portion 703. Accordingly, in the case of the arrangement in
which the gap portion 504 overlaps the separation portion
703, the overlapping areas of the stray capacitance forming
portion 5024 and 5025 and the conductor portion of the ellip-
tical ring-shaped conductor element 203 are equal to each
other without depending on the amount of movement of the
conductor piece 402 in the central axis 203 direction. For this
reason, the stray capacitances Ca and Cb are equal. FIG. 11(a)
shows an equivalent circuit in this case. Both stray capaci-
tances 11014 and 11015 are set to Cf. Others are the same as
in FIG. 9(a).

[0121] As aresult, the combined capacitance of the equiva-
lent circuit when the inductance (L.f) 803 can be regarded as
zero (0) is as follows.

Cemb=C+Cf72 3]

[0122] The resonance frequency (fr) when a resonance
capacitor element (Ccmb) having the combined capacitance
resonates with the inductance connected in series is expressed
in Expression [2] described previously. The state is shown by
the graph in FIG. 11(5). The vertical axis indicates a relative
value of each value, and the horizontal axis indicates arelative
position of the adjustment belt 251. The left end on the hori-
zontal axis means a state immediately before the conductor
piece 402 starts to overlap the conductor portion of the ellip-
tical ring-shaped conductor, and rightward movement on the
horizontal axis means a state where the adjustment belt 251 is
pushed in the central axis 201 direction and the overlapping
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area of the conductor piece 402 and the conductor portion of
the elliptical ring-shaped conductor is increased.

[0123] A dotted line graph 1111 shows a change in Cf, and
a solid line graph 1112 shows a change in the resonance
frequency (fr) in Expression [2]. From FIG. 11(5), it is under-
stood that the stray capacitance and the resonance frequency
are changed by sliding the adjustment belt 251 in the central
axis 201 direction. Specifically, when the adjustment belt 251
is pushed in the central axis 201 direction, the stray capaci-
tance is increased and the resonance frequency is reduced. On
the contrary, when the adjustment belt 251 is pulled out in the
central axis 201 direction, the stray capacitance is reduced
and the resonance frequency is increased. Therefore, it is
understood that the apparent capacitances of a plurality of
resonance capacitor elements can be changed collectively by
sliding movement for pushing the adjustment belt 251 in the
central axis 201 direction or pulling the adjustment belt 251
out in the central axis 201 direction and accordingly the
resonance frequency of the elliptical BC coil can be changed
and can be tuned so as to match the nuclear magnetic reso-
nance frequency (fc).

[0124] Although the tuning procedure of the second
embodiment is basically the same as the procedure shown in
the flow chart of FIG. 9 described in the first embodiment,
“sliding movement direction of the adjustment belt 251 is the
central axis 201 direction” and the initial position of the
adjustment belt in step 902 are different. The initial position
of the adjustment belt 251 is assumed to be a position where
about a half of each of the stray capacitance forming portions
502a and 5025 of the conductor piece 402 and about a half of
the conductor portion of the elliptical ring-shaped conductor
element 203 overlap each other. Since the tuning procedure of
the second embodiment is the same as the procedure shown in
the flowchart of FIG. 9 except for these two points, detailed
explanation thereof will be omitted.

[0125] In addition, although the case where the adjustment
belt 251 slides in the central axis direction 203 has been
described in the second embodiment, it is also possibleto tune
the elliptical BC coil by sliding the adjustment belt 251 in an
arbitrary direction along the elliptical cylindrical curved sur-
face in combination with the sliding movement of the ellip-
tical ring-shaped conductor element in the circumferential
direction described in the first embodiment.

[0126] As described above, in the BC coil and the MRI
apparatus using the same of the second embodiment, the
apparent capacitances of a plurality of resonance capacitor
elements are collectively changed by sliding the adjustment
belt of the elliptical BC coil in the central axis direction of the
ring-shaped conductor element, thereby tuning the elliptical
BC coil. Thus, the same effects as in the first embodiment
described above are achieved.

Third Embodiment

[0127] A third embodiment of the BC coil and the MRI
apparatus using the same of the present invention will be
described. In the first and second embodiments described
previously, the examples of the elliptical BC coil are shown.
In the third embodiment, however, the tuning mechanism
described above is applied to a cylindrical BC coil (hereinat-
ter, referred to as a circular BC coil). Hereinafter, the third
embodiment will be described in detail.

[0128] First, the overall configuration of a circular BC coil
of the third embodiment will be described. FIG. 12 is a dia-
gram when the circular BC coil is obliquely viewed. The
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circular BC coil is formed in a cylindrical shape as a whole.
The circular BC coil is configured to include: 4N (N is a
natural number, N=3 in the diagrams) linear conductor ele-
ments 1202 disposed in parallel with a central axis 1201 along
the cylindrical curved surface; two circular conductor ele-
ments 1203a and 12035 disposed along the cylindrical curved
surface with a point on the central axis 1201 as the center; 8N
(N is a natural number) resonance capacitor elements 1204
inserted in series in each of the two circular conductor ele-
ments 1203a and 12035; first and second feed points 1205a
and 120556 for connecting the circular BC coil to a high-
frequency circuit; and a tuning mechanism to be described
later. Each resonance capacitor element 1204 is inserted in an
arc-shaped conductor between connection points 1206 of the
circular conductor element 1203 and the linear conductor
elements 1202, and the capacitance is approximately the
same.

[0129] The “4N” linear conductor elements 1202 are dis-
posed atequal distances in the circumferential direction of the
cylindrical curved surface. In the example shown in FIG.
12A, four of the “4N” linear conductor elements 1202 are
disposed so as to pass through intersections with two orthogo-
nal axes in the radial direction of cylindrical curved surface.
The remaining “4(N-1)" linear conductor elements 1202 are
disposed at positions that are axisymmetric with respect to the
two orthogonal axes in the radial direction of cylindrical
curved surface and are also axisymmetric with respect to the
central axis 1201.

[0130] In the configuration described above, since the cir-
cular conductor element 1203 has a circular shape, the induc-
tances of the linear conductor element 1202 and the arc-
shaped conductor are symmetrical even if the capacitances of
the resonance capacitor elements 1204 are set to be approxi-
mately the same. Therefore, the width and the arrangement
interval or the arrangement density of the linear conductor
elements 1202 in the circumferential direction of the cylin-
drical curved surface can be made to be approximately the
same.

[0131] The first and second feed points 1205a¢ and 12055
are disposed at positions at which angles with respect to the
center of the cylindrical curved surface are 90° apart from
each other in the circumferential direction and at which, when
electric power is supplied to one of the feed points, the ampli-
tude of the high-frequency current flowing through the other
feed point is minimized.

[0132] FIG. 13(a) is a developed diagram obtained by cut-
ting an example of the circular BC coil of the third embodi-
ment in parallel with the central axis 1201 and expanding the
result to the left and right. Here, a tuning mechanism, which
will be described later, is not shown. The left and right direc-
tion in FIG. 13(a) corresponds to the circumferential direc-
tion. The width of the central portion of each linear conductor
element 1202 in the circumferential direction is approxi-
mately the same. Accordingly, the arrangement interval or the
arrangement density of the linear conductor elements 1202 in
the circumferential direction (left and right direction in the
developed diagram of FIG. 13(a)) is approximately the same.
[0133] Similar to the elliptical BC coil of the first embodi-
ment described above, each linear conductor 1202 has a cen-
tral portion (rung portion) having a fixed width and wide
portions which are located at both ends and whose widths in
the circumferential direction are larger than the width of the
rung portion. The wide portions at both ends of the linear
conductor 1202 also serve as the circular conductor element
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1203. In addition, each linear conductor 1202 is disposed
such that a gap is formed between the wide portions of the
adjacent linear conductors 1202. The resonance capacitor
element 1204 is disposed in a gap between wide portions, and
adjacent wide portions are electrically connected (soldered)
to each other through the resonance capacitor element 1204.
Since the linear conductors 1202 and gaps between their wide
portions are disposed at equal distances, the resonance
capacitor elements 1204 disposed in the gaps are also dis-
posed at equal distances.

[0134] FIG. 13(b) shows an adjustment belt 1301 in the
tuning mechanism. Since the resonance capacitor elements
1204 are disposed at equal distances, conductor pieces 1302
and slit portions 1303 between the conductor pieces 1302 are
also disposed at equal distances. Since the configuration of
the adjustment belt 1301 and the shape and function of the
conductor piece 1302 are the same as those in the case of the
elliptical BC coil described in the first embodiment, detailed
explanation thereof will be omitted. The apparent capaci-
tances (thatis, a combined capacitance according to the com-
bination with the stray capacitance) of the resonance capaci-
tor elements 1204 are collectively changed by arranging such
an adjustment belt 1301 concentrically on the outer periphery
of'the circular conductor element 1203 and sliding the adjust-
ment belt 1301 in the central axis direction or the circumfer-
ential direction of the circular conductor element 1203. The
tuning procedure is the same as the process flow of FIG. 9
described in the first embodiment.

[0135] As described above, the BC-type RF coil and the
MRI apparatus of the present embodiment have a cylindrical
shape, and are a circular BC coil in which linear conductors
and resonance capacitor elements inserted in series in a cir-
cular conductor element are disposed at equal distances in the
circumferential direction of the cylindrical curved surface.
Conductor pieces disposed in the adjustment belt in the tun-
ing mechanisms are also disposed at equal distances. Accord-
ingly, also in the circular BC coil, the apparent capacitances
of the resonance capacitor elements 1204 can be easily
changed and adjusted collectively. As a result, since the reso-
nance frequency of the circular BC coil can be easily changed,
the resonance frequency of the circular BC coil can be tuned
so0 as to match the nuclear magnetic resonance frequency.
[0136] While the embodiments of the present invention
have been described above, the present invention is not lim-
ited thereto.

REFERENCE SIGNS LIST

[0137] 1: object

[0138] 2: static magnetic field generation system
[0139] 3: gradient magnetic field generation system
[0140] 4: sequencer

[0141] 5: signal transmission system

[0142] 6: signal receiving system

[0143] 7: signal processing system

[0144] 8: central processing unit (CPU)

[0145] 9: gradient magnetic field coil

[0146] 10: gradient magnetic field power source
[0147] 11: high-frequency oscillator

[0148] 12: modulator

[0149] 13: high-frequency amplifier

[0150] 14a: high-frequency coil (transmission coil)
[0151] 14b: high-frequency coil (receiving coil)
[0152] 15: signal amplifier

[0153] 16: quadrature phase detector
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[0154] 17: A/D converter

[0155] 1B: storage device

[0156] 19: external storage device
[0157] 20: display device

[0158] 21: input device

[0159] 25: operating unit

1. A birdcage-type high-frequency coil, comprising:
two ring-shaped conductor elements in which a plurality of
resonance capacitor elements are inserted in series; and
a plurality of linear conductor elements electrically con-
nected to the two ring-shaped conductor elements,
wherein an adjustment belt to change apparent capaci-
tances of the plurality of resonance capacitor elements
collectively is slidably disposed on an outer periphery of
at least one of the two ring-shaped conductor elements
with a dielectric member interposed therebetween.
2. The birdcage-type high-frequency coil according to
claim 1,
wherein the adjustment belt has a belt shape, and is formed
by arranging a conductor piece and a slit portion, which
insulates adjacent conductor pieces from each other,
alternately.
3. The birdcage-type high-frequency coil according to
claim 2,
wherein the conductor piece is disposed in the adjustment
belt so as to be near a position facing the resonance
capacitor element in a state where the adjustment belt is
disposed on the outer periphery of the ring-shaped con-
ductor element.
4. The birdcage-type high-frequency coil according to
claim 2,
wherein the adjustment belt is formed by bonding the con-
ductor pieces on a surface of a belt-shaped insulating
member facing the ring-shaped conductor element inter-
mittently in a longitudinal direction of the belt-shaped
insulating member.
5. The birdcage-type high-frequency coil according to
claim 3,
wherein the conductor piece is formed by arranging two
stray capacitance forming portions, which are for form-
ing a stray capacitance with a conductor portion of the
ring-shaped conductor element, so as to face each other
with a gap portion interposed therebetween, and
includes a connecting conductor portion that electrically
connects the two stray capacitance forming portions to
each other.
6. The birdcage-type high-frequency coil according to
claim 3,
wherein the conductor piece has an approximately rectan-
gular shape in which a gap portion is formed on one side
of the central portion.
7. The birdcage-type high-frequency coil according to
claim 5,
wherein the apparent capacitances of the plurality of reso-
nance capacitor elements are collectively changed by
sliding movement of the adjustment belt in a circumfer-
ential direction of the ring-shaped conductor element.
8. The birdcage-type high-frequency coil according to
claim 5,
wherein the apparent capacitances of the plurality of reso-
nance capacitor elements are collectively changed by
sliding movement of the adjustment belt in a central axis
direction of the ring-shaped conductor element.
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9. The birdcage-type high-frequency coil according to
claim 1,
wherein a shape of the ring-shaped conductor element is an
ellipse, and
the plurality of linear conductor elements are disposed
along an elliptical ring-shaped cylindrical curved sur-
face.
10. The birdcage-type high-frequency coil according to
claim 9,
wherein a width of a central portion of the linear conductor
element in a circumferential direction of the elliptical
ring-shaped cylindrical curved surface is increased
toward a long axis direction from a short axis direction
of'the elliptical ring-shaped cylindrical curved surface.
11. The birdcage-type high-frequency coil according to
claim 9,
wherein an arrangement interval of the resonance capacitor
elements is increased toward a long axis direction from
a short axis direction of the elliptical ring-shaped cylin-
drical curved surface.
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12. The birdcage-type high-frequency coil according to
claim 1,
wherein the ring-shaped conductor element is formed by
electrically connecting both ends of the linear conductor
element to each other through the resonance capacitor
element.
13. The birdcage-type high-frequency coil according to
claim 1,
wherein a fixing belt that fixes the adjustment belt by
tightening the adjustment belt so as to be pressed against
the ring-shaped conductor element is disposed on an
outer periphery of the adjustment belt.
14. The birdcage-type high-frequency coil according to
claim 13,
wherein both ends of the fixing belt are connected to each
other, and a fastener to change a distance between both
of the ends is provided.
15. A magnetic resonance imaging apparatus using the
birdcage-type high-frequency coil according to claim 1.
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