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BACKGROUND OF THE INVENTION
(1) Background of the Invention

This invention relates to MRI (Magnetic Resonance
Imaging) apparatus, and more particularly td orthogonal
RF (radio frequency) coils for use in generating high
frequency magnétié fields to excite magnetization in
the body of an examinee, and detecting NMR (Nuclear

Magnetic Resonance) signals generated with mitigation

of the magnetization excited.
(2) Description of the Related Art
An orthogonal RF coil used in an MRI apparatus has

two electrically independent resonator coil loops

formed orthogonal to each other. Such a coil is useful

in that the two coil loops consume half the high fre-
quency power consumed by a single resonator coil loop
when effectiné‘ excitation needed for MR imaging, and
provide a- 42 times S/N ratio when receiving NMR sig-

nals. In order to approximate the above theoretical

- values, it is important for this orthogonal RF coil to

attain a high degree of independence or orthogonality

between the two resonator coil loops. The orthogonali-

ty of the two resonator coil loops refers to a 90

displacement in vector direction betwéen high frequency
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Y
frequency magnetic fields to excite magnetization in t he body of an
exam nee, and detecting NMR (Nucl ear Magneti ¢ Resonance) signals
generated with mtigation of the magnetization excited. (2) Description
of the Related Art An orthogonal RF coil used in an MRl apparatus has

two electrically independent resonator coil |oops forned orthogonal to
each other. Such a:coil is useful in that the two coil |oops consune half

the high fre- quency power consuned by a single resonator coil |oop when

effecting excitation needed for MR inmaging, and
(RF) magnetic fields generated by the respectlve coils
in signal transm1551on, and a_90 ‘displacement in
vector directioﬁ between NMR signals detected by the
respective coils in signal reception. |

Fig. 1 shows a first type of known orthogonal RF

coil. 1In Fig:'l, four linear conductors 11-14 are
connected at opposite ends thereof te ring-shaped
conductors 15 and 16 through capacitots 31-34 and
35-38. The ring-shaped conductors 15 and 16 include

capacitors 21-24 and 25-28 arranged in series, respec-

The linear conductors 11 and 13, ring-shaped
35.and 37

tively.
conductors 15 and 16, and capacxtors 31, 33,
form one resonator coil loop, while the linear conduc-
tors 12 and 14, ring-shaped conductors 15 and 16, and

capacitors 32, 34, 36 and 38 form the other resonator

coil ioop, Power is supplied to points B and C from a

90° phase power divider 51. Capacitors 39 and 40 are
provided to effect impedance matching.

In this example, the capacitors 21-28 have a
relatively large capacity, with mainly capacitors 31-38
acting'to adjust resonance frequencies to obtain a
steady characteristic (i.e. mainteﬁance of the orthogo-
nality noted above). The groués of four capacitors
21-24, 25-28, 31-34 and 35-38 have substantially the

same capacity.
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provide a [err] tines SINratio when receiving NMRsig- nals. In order to
approxi mate the above theoretical values, it is inportant for this
orthogonal RF coil to attain a High degree of independence or
orthogonality between the two resonator coil |oops. The orthogonali- ty
of the two resonator coil loops refers to a 90 displacenent in vector

directi on between high frequency

Resonance currents as shown in Fig. 2A flow

through this type of orthogonal RF coil. In Fig. 2a,

resonance currents shown in solid lines and those shown

in dotted lines flow independently of each other. The

current flowing through point C and the current flowing

through point A are in phase inversion. Similarly, the

current flowing through point B and the current flowing

‘through point D are in phase inversion. These indepen-

dent currents generate RF magnetic fields orthogonal to

one another. Consequently, it is useful in MR imaging

to establish a resonance mode with such current flows

at NMR resonance frequencies (imaging mode).

On the other hand, there exists also a resonance

mode (differential mode) Qith resonance currents

flowing as shown in Fig. 2B. In this mode, the cur-

rents flow commonly through linear conductors 11-14,

with no independence thereamong. The current flowing

through point C and the current flowing through point A
are in phase,.and so are the current flowing throﬁgh
point B and the current flowing through point D. A
composition of RF magnetic fields centrally of the RF

coil is zero, and so this mode generally cannot be used

as an imaging mode.

However, the known orthogonal RF coil has a

drawback of providing a poor orihogonality of RF
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}(RF) magnetic fields generated by the respective coils
t.ransm ssi on, '

I n signal
and a 90[err] displacenent in vector

signal s detected by the respective coils in signal reception.

shows a first type of known orthogonal RF coil

conductors 11-14 are connected at opposite ends thereof to ring-shaped

di recti on bet ween NVR

Fig. 1

I'n Fig. 1, four linear

conductors 15 and 16 through capacitors 31-34 and 35- 38. ‘The ring- shaped
conductors 15 and 16 include

magnetic fields. That is, the frequency establishing

the imaging mode and the frequency establishing the

differential mode often become close to each other

because of the balance of capacitance and inductance in

the RF coil or the like.

currents in the differential mode are combined with the
resonance currents in the image mode, thereby degrading

the orthogonality of RF magnetic fields in the imaging

mode.

Known cylindrical RF coils as described above

include what is known as a birdcage coil and a distrib-

uted cosine coil. Eabh_of these cylindrical RF coils

has numerous linear conductors ektending parallel to a

cylinder axis. 1In a resonant state, each linear

conductor receives a cos 6 current corresponding to a
spatial position € thereof, thereby generating high
frequeqcy magnetic fields of excellent un;formity (see
Japanese Patent fublication 3-50541 for the bifdcage
coil, and Bolinger et al., J. Magnetic Resonance, 81,
162, 1988 for the distributed cosine coil).

Fig. 3 shows an example of birdcage coils ha&ing
eight linear conductors. In Fig. 3, the eight linear
conductors 111-118 are connected at opposite ends
thereof to two ring-shaped conductors 181 and 182. 1In

a resonant state, highly uniform magnétic fields are

In such a case, the resonance
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dapaci t

ors 21-24 and 25-28 érranged In series, respec- tively. The linear
conductors 11 and 13, ring-shaped

conductors 15 and 16, and capacitors 31,

33, 35 and 37 formone resonator coil |loop, while the linear conduc- tors
12 and 14, ring-shaped conductors 15 and 16, and capacitors 32, 34, 36 and
38 formthe other resonator coil |oop. Power is supplied to points B and C
froma 90[err] phase power divider 51. Capacitors 39 and 40 are provided
to effect inpedance matchi ng. In this exanple, the capacitors 21-28

have a relatively large capacity, with mainly capacitors_ 31-38
generated when the eight linear ‘conductors 111-118 form

a current distribution as shown in Fig. 4.

As shown in Fig. 5, a distributed cosine coil has
linear conductdrs.211—230 each connected at one end
(upper end) thereof to a ring-shaped conductor 281.
The other ends (lower ends) of linear conductors
'211-230 are joined to form groups (groups of five each

~in the drawingf to be connected to a fing-shapeq
conductor 282 through capacitors 251-254. 1In the
drawing, the ddtted lines represent an orthogonal type
construction (with solid line portions and linear
portions generating magnetic fields at 90° to one
“another). '

However, the convéntionai RF coils have the
problems that the uniformity of magnetic fields is
impaired as é result of frequency adjustment, and that
adjustmeﬁt to keep the uniformity of magnetic fields is
difficult. |

Sbecifically, for use in an MRI appératus, it is
necessary té.bring the resonance frequency of the RF

coil into agreement with NMR resonance frequency, and

tuning capacitors must be adjusted. In the example

shown- in Fig. 3, the capacitors 131-138 are'adjusfed
while maintaining the capacity thereof, to adjust the

resonance frequerncy. To maintain a high degree of
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hcting to adj ust resonance fréquencies to obtain a steady characteristic
(i.e. maintenance of the orthogo- nality noted above). The groups of four
capacitors 21-24, 25-28, 31-34 and 35-38 have substantially the sane

capacity.

uniformity of magnetic fieldé, the capacitors corre-
sponding in number to the linear conductors must be

varied while maintaining the capacity thereof equal as

noted above. Such an adjusting opération is extremely

difficult. If frequency adjustment is effecﬁed by
varying only. certain capacitors to simplify the opera-
tion, the disfribution of currenfs flowing through the
linear conductofs will deviate from what is shown in
Fig. 4 and impair'the_uniformity of magnetic fields.
With the distributed cosine coil shown in Fig. 5,

the current distribution is determined only by induc-

tance of each linear conductor. It is therefore

difficult to obtain an ideal current distribution, and

the current distribution cannot be adjusted once a

shape has been determined. That is, the currents

flowing through the linear conductors 211, 212 and 213,
for example, are determined by line lengths up to
points 272, 273 and 274, respectively. It is thus

impossible to effect adjustment for enhancing the

uniformity of magnetic fields. Further, the linear

conductors 211-215 and ring-shaped conductor 281 form a
direct current type closed loop. This ciosed loop is
guided by a pulse-like application of gradient magnetic
Fields during MR imaéing, to generate over-currents

detrimental to reconstructed images.
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Resonance currents as shown in Fig. 2A flow through this type of
orthogonal RF coil. In Fig. 2A, resonance currents shown in solid |ines

and those shown in dotted lines flow independently of each other. The
current flow ng through point C and the current flowng through point A
are in phase inversion. Simlarly, the current flow ng through point B and
the current flowing through point D are in phase inversion. These indepen-

dent currents generate RF magnetic fields orthogonal to one another.
Consequently, it is useful 'in MRimging to establish a resonance node
with such cuf | §Ks THE INVENTION -

Having regard to the state of the art noted above,
an object of this invention is to provide an improved
orthogonal RF coil for use in an MRI aﬁparatus, which
suppresses undesirable non-imaging mode currents,
thereby to enhance the orthogonality of RF m&gnetic
fields in an imaging mode.

Aﬁotﬁer object of this invention is to provide an
improved orthogonal RF coii.for use in an MRI appara-
tus, which maintains the uniformity of magnetic fields
with ease even when frequency adjustment is made.

--The above objects are fulfilled, according to this
invention, by an orthogonal RF coil for use in an MRI
apparatus, comprising: | |

two resonatof cdil loops arranged to have sensi-
tivity directions orthogonal to each other, each of the
resonator coil loops héving two power supply points;
and . |

power supply means for supplying power so as to
provide'a 90° RF phaée differehce between the two'power
supply points of one of the resonator coil loops and
the two power supply points of the other resonator coil
loop, and a 180° RF ﬁhase difference between the two
power supply points of each of the resonator coil loops

at a frequency establishing a differential mode.

This Sheet Has Been Reﬂlaced




at NMR resonance frequenci es (inmagi ng node). On the other hand, there
exists also a resonance node (differential nbde) with resonance currents

flowng as shown in Fig. 2B. In this node, the cur- rents flow comonly
t hrough |inear conductors 11-14, wth no independence thereanong. The
current flowng through point C and the current flow ng through point A
are in phase, and so are the current flow ng through point. B and the -
current flowi ng through point D. A conposition of RF nagnetic fields

Egg;r ally of .the |:\Eccco(lj:ldllnlgs tzoe t(}ilsanidnvseonéforf, ”Sé’v?e efgrglllbi; S‘H”@é be
the two power supply points of each resonator coil loop
to cause a 180° phase difference between the two power
supply points at the frequency establishing the differ-

ential mode. This cancels resonance currents in the

differential mode which are in phase at the two power

supply points. As a result,'the-orthégonality of RF

magnetic fields in the imaging mode is'enhanced{

The two resonator coil loops are formed, for
example, by:

four linear conductors extending parallel to one

another and arranged at substantially 90° intervals in

a circumferential direction; and.

two. ring-shaped conductors to which opposite ends
of the linear conductors are connected through first
capacitors, respectively;

the power supply points being disposed at connec-
tions Qhere the linear égndﬁctors are connected through
the first capacitors to one of the ring-shaped conduc-
tors, an opposed pair of the power supply points

receiving power of 180° RF phase difference

therebetween.

Ereferably, the two ring-shaped conductors include
second capacitors arranged between the connections to

"which the linear conductors are connected,
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+ as an i magi ng node. However, the known orthogonal RF coil has-a

) drawback of providing a poor orthogonality of RF
4 magnetic fields. That is, the frequency establishing t he i magi ng

node and the frequency establishing the

respectively, in order to shield direct current compo-

nents guided by gradieht magnetic fields.
. Preferably, the two resonator coil loops are
formed by: “

four x n (n being an integer 2 or. more) ;inear
conductors extending parallel to one another'and
arranged in a circumferential direcﬁion, the linear
conductors beiﬁg joined together at omne ends thereof to
form four groups of n linear conductors each, the
groups being arranged at substantially 90° intervals;

a first ring-shaped conductor to which the ofher
ends of the linear conductors are connected'through
first capacitors, respectively; and

a second fing—shapéd conductor to which the groups
of the linear conductors joined together at the one
ends are connected through second capacitors, respec-
tively;

thé power éupply pcints'being disposed at connec-
tions where the groups of the linear conductors are
connected through the second capacitors to the second
ring-shaped conductor, an opposed pair of the power
supply points receiving power of 180° RrF phase differ-
ence .therebetween. |

wWith the two resonator coil loops having the above

construction, the 4 x n linear conductors have a
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td

sdifferenti al node often becone close to each ot her because of the
bal ance of capacitance and inductance in the RF coil or the like. In such
a case, the resonance currents in the differential node are conbined with

t he resonance currents in the i mage node, thereby degrading the
orthogonality of RF magnetic fields in the imaging node. Known
cylindrical RE coils as described above include what is known as a

bi rdcage coil and a distrib- uted cosine coil. Each of these cylindrical

RF coils  has QUIROAIS ] LOEALuEPEHUELRESmENEAN B $HRAAIIR! ddbati-
tors. Thus, the current distribution may be selected .
by varying the first capacitors, to secure uniformity

of magnetic fields generated. Aside from the uniformi-

ty of magnetic fields, frequency adjustment may be
effected by varying the second capacitors. With the
adjustment of the uniformity of magnetic fields and the
frequency adjuétment being made ééﬁar&tely, it is easy
to carry out the frequency adjustment while maiﬁtaining
the uniformity of magnetic fields.

Preferably, the first and second ring-shaped
conductors include third capacitors arranged between
the connections to which the linear conductors are
connected, respectively; in order to shield direct
current components guided by gradient magnetic fields.

Preferably, each of the groups includes an 6dd
number of the lineaf conductors, - in order to facilitate
adjustﬁent of.tﬁe orthogonality of RF magnetic fields.

It is desirable that the power supply means
includes:

a.'90o phasé power divider for outputting two high
frequency signals having a 90° phase difference;

a first differential power supply circuit for
receiving a 0° phasé high frequency signal from the 90

phase power divider, and generating a 0° phase high
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‘cylinder axis. In a resonant  state, each linear conductor receives a cos O
current corresponding to a spatial position [err] thereof, thereby
generating high frequency nagnetic fields of excellent uniformty (see
Japanese Patent Publication 3-50541 for the birdcage <coil, and Bolinger et
al., J. Mgnetic Resonance, 81, 162, 1988 for the distributed cosine
coi'l). Fig. 3 shows an exanple of birdcage coils having eight |inear

conductors. In Fig. 3, .the eight linear conductors 111-118 are connected
s 181 and,182, In

at opposite ends thereof ,to two rjng-shaped c ctor
pp frequency signa and'%%&gl asecix'd f requency signal,

the first differential power supply circuit outputting
the 0° phase high frequency signal to one of the power
supplfspoints of one of the resonatof coil loops, and
outputting the 1809 phase high frequency signal to the
other power.supply point of the one of the fesonator
coil loops; and |
a second differential power supbly circu@t for
receiving a 90° phase high frequency signal from the
90° phase power divider, and generating a 90° phase
""" " high frequency signal.and 270° phase high frequency
signal, the second differential power supply circuit
. outputtinglthe 90° phése high frequency signal to one
of the power supply pbihts of the other resonator coil
loop, and outputting the 270° phase high fregquency

signal to the other power supply point of the other

resonator coil loop.

Séecifiqally, each of the first and second differ-
ential power supply circuits includes a bridge circuit
with two capacitors opposed to each other and having
the same capacity C, and two inductances opposed to
each other and having the same value L, the capacity C
and the value L satisfying

(1/2n) JC-L = £ (where f is a resonance fregquency

establishing the differential mode);
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a‘resonant state, highly uniformmagnetic fields are gener at ed
conductors 111-118 form a current distribution as

when the eight |inear
As-shown in Fig. 5, a distributed cosine coil has

shown in Fig. 4.
| i near conductors 211-230 each connected at one end

the bridge circuit of the first differential power

supply circuit including two opposed connecting points
connected to the two power supplg points of the one of
the resonator coil loops, respectively, and two further .
opposed connecting points connected through a transmis-
sion line to a 0° phase high frequency signal output
terminal of the 90° phase power divider; and

| the bridgé circuit of_the'second'differential_
power supply circuit including two opposed connécting
points connécted to the two power supply points of the
other resonator coil loop, respectively, and two
further opposed connecting points connected through a
transmlsSLOn line to a 90° phase high frequency signal
output terminal of the 90° phase power divider.

With the first and second differential power
supply circuité having the above construction, power is
supplied to the two power supply points of each resona-
tor coil loop in a fo;cibly inverted phase condition at
the resonance frequency establishing the differential

mode. As a result, the differential mode resonance

currents in phase are canceled.

Preferably, the capacity C and the inductance L

satisz
L/C = Zo0-Z1

where Zo is impedance of the orthogonal RF coil, and Zi
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s (upper end) thereof to a fing-shaped conductor 281.

ends) of |inear conductors
in the drawing) to be connected to a ring-shaped

five each

t hrough capacitors 251-254. In the
type
portions generating magnetic fields at 90[err] to one

t he conventi onal

or t hogonal

The ot her ends (I ower

211-230 are joined to form groups (groups of
conduct or 282

drawi ng, the dotted |lines represent an

construction (wth solid Iine portions and |inear
anot her).

RF coils have the  problenms_that the ungforn1ty

However,
of nagnetlc fi dsgdmpedance of the transmission line leading to the

90° phase power lelder. With such value setting, no.

capacitors are required for impedance matching of the
RF coil.
Further, at least one of the capacito;s included

in the bridge circuit, preferably, is a variable

capacitor. The differential mode currents may be

eliminated with increased piecision fhrough fine
adjustment of the capacity of the variable capacitor.

It is preferred that each of the first and second
differential power supply circuits further includes:

a parallel resonance circuit with a different
capacitor and a different inducfance, the parallel
resonance circuit haviné the same resonance frequency
as a resonance frequency establishing the differential

mode, and having a switch connected in series to the

.different capacitor; and

a differenf variable capacitor coﬁnected in series
to the parallel,resonance circuit;

one end of the parallel resonance circuit being
connected along with one of the connecting points of
the bridge circuit to one of the power supply points of
the one of the resonator coil 1oops, and one end of the
different.variable capacitor being connected along with

the other connecting point of the bridge circuit to the
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i'mpaired as a result of frequency adjustnent, and that adjustnment to keep

the uniformty of magnetic fields is difficult. Specifically, for
use in an MRl apparatus, it is necessary to bring the resonance frequency
of the RF coil into agreenment with NWR resonance frequency, and tuning

capacitors nmust be adjusted. In the exanple shown in Fig. 3, the
capacitors 131-138 are adjusted while maintaining the capacity thereof,

adj ust the regRRIC SRy oI N6 thé Bh@hodegnee rekonator

coil loops.

The above switch is turned on when the RF coil is

to

driven. As a result, the parallel resonance circuit

becomes a high impedance state at the resonance fre-

quency in the differential mode. This state of the

parallel resonance circuit is equivalent to a discon-
" nected state, whereby the above bridge circuit alone is

operative. At the frequency "fo' in the image mode,
the bridge circuit and parallel resonance circuit are a
constant having a certain value, which may be consid-
ered equivalent to the impedance of each resonator coil
loop to which this constant is added. Conseguently, by
adjusting the variable capacitor connected to the
parallel resonance circuit, only frequency "fo" may be

adjusted without influencing frequency "f". The switch

is turned off when the RF coil is not operated. Then,
the frequency of the resonator coil loops may be varied
to a great extent, to enhance an effect of decoupling

with respect to other RF coils.

BRIEF DESCRIPTION OF THE DRAWINGS

. For the purpose of illustrating the invention,
there are shown in the drawings several forms which are

presently preferred, it- being understood, however, that

- 14 -
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s Unifornity of magnetic fields, the capacitors corre- sponding in nunber to
the linear conductors nust be varied while mntaining the capacity thereof

equal as noted above. Such an adjusting operation is extrenmely difficult.
If frequency adjustnent is effected by varying only certain capacitors to

sinmplify the‘opera-

the invention is not limited to the precise arrange-

ments and instrumentalities shown.

Fig. 1 is a schematic view of an orthogonal RF

coil known in the art;

Fig. 2A is a view showing a current distribution
in an imaging méde according to the prior aft;

Fig. 2B is a view showing a current distribution
.in a differential mode according to the prior art;

Fig. 3 is a schematic view of a birdcage coil

known in the art;

Fig. 4 is a view showing a current distribution in

the birdcage coil;

Fig. 5 is a schematic view of a distributed cosine

coil known in the art;

Fig. 6 is a schematic view of an orthogonal RF
coil in a first embodiment of this invention;

Fig. 7 is a diagram showing a differential power
supply_circuip in the first embodiment;

Fig. 8 is a schematic view of an orthogonal RF
coil in a second embodiment of this invention;

Fig. 9 is a view showing a current distribution in
the second embodiment; and

Fig. 10 is a diagram showing a power supply

.circuit in the second embodiment.
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tion, the distribution of currents flow ng through the |[|inear conductors
wll deviate fromwhat is showmm in Fig. 4 and inpair the uniformty of
magnetic fields. Wth the distributed cosine coil shown in Fig. 5,
the current distribution is determned only by induc- tance of each |inear
conductor. It is therefore difficult to obtain an ideal current
distribution, and the current distribution cannot be adjusted once a

- shape has becpETRIBEDI DESCRIPIIONS OFt IMTHE: PREFHRRED | ENBORDINENTSIgh t he
| i near conductors 211, 212 and 213, for exanpl.e, are determ ned by line
| engths up to Preferred embodiments of this invention will be

described in detail hefeinafter with reference to the

drawings.

First Embodiment

As shown in Fig. 6, an orthogonal RF coil in a
first embodiment of this invention has four linear
conductors 311-314 extending parallel ‘to a cylinder
axis and arranged equidistantly at intervals of 90°
ciréumferentially of the cylinder. Each of the linear
conductors 311-314 is connected at one end thereof to a
ring-shaped con@uctor;315 through a capacitor 331, 332,
333 or 334, and at -the other eﬁd'to_a ring-shaped
conductor 316 through a capacitor 335, 336, 337 or 338.
The ring-shaped conductors 315 and 316 include capaci-
tors 321-324 and 325-328 arranged iﬁ series, respec-
tively.
| The 1ine§r'conductors 311 and 313, ring-shaped
conductors 315 and 316, and capacitors 331, 333, 335
and 337 form one resonator coil loop, while the linear
conductors 312 and 314, ring-shaped conductors 315 and
316, and capaqitofs 332, 334, 336 and 338 form the

other_tesonator coil loop.

The linear conductors 311-314 and ring-shaped

conductors 315 and 316 are formed of copper sheet or

-.16 -
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.points 272, 273 and 274, respectively. It is thus inpossible to effect
adj ustnent for enhancing the wuniformty of nmagnetic fields.

| i near

current type closed |oop. This closed loop is
application of gradient magnetic fields during MR inmaging,

Furt her,

t he

conductors 211-215 and ring-shaped conductor 281 forma direct

over-currents. detrinmental:to reconstructed inages.

7

"as desired.

copper piping, for_éxample; The linear conductors
311-314 have a length, and the ring-shaped conducéérs
315 and 316.have a diameter,.suitably selected accord-
ing to the size of a subject for imaging.

The capacitors 321-328 are provided for shielding
“direct current. components mainly due to gradieﬁt field
coupling, and have a relaﬁively large capacity (e.g.
several thousand fo 10,000pF). The resohande frequency
of each resonator coil loop is adjusted mainly by £he.

capacitors 331-338. The capacitors 331-338 have a

relatively small capacity (e.g. several ten to several
hundred pF). The groups of four capacitors 321-324,
325-328, 331-334 and 335-338 have substantially the
same capacity. Each capacitor cdmprises a ceramic

capacitor, for example, which involves only a small
high frequency loss.

‘The ring-shaped conductors 315 and 316 are not’
limited to.a circuiar shape, but may be formed elliptic
Further, it is not absolutely necessary to
arrange the linear conductors 311-314 equidistantly at

the intervals of 9b°,.but may be arranged at irregular

intervals. In this case, the capacities of the respec-

tive capacitors 331-338 may be adjusted so that the

respective rgsonator coil loops may generate magnetic

fields orthogonal to each other. .

gui ded by a pul se-Ilike
to generate
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SUMVARY OF THE | NVENTI ON Having regard to the state of the art noted
above, an object of this invention is to provide an inproved orthogonal RF
coil for use in an MRl apparatus, which suppresses undesirabl e non-i magi ng
node currents, thereby to enhance the orthogonality of RF magnetic fields

I n an i magi ng node. - Anot her object of this invention is to provide an
i nproved orthogonal RF coil for use in an MRl apparatus, which maintains
the uniformty of magnetic fields with ease even when frequency adj ust nent

i s nmade. |t Theafiopbgedingotonsérpoeiom isnbagically thelsamate one
or nore disadvantages of the prior art. According to one aspect of
the present iawethe ohitserknownpesanpde shoemt Hogdiag. AR c&He for use in an
MRl apparatus, conprising: two resonator coil |oops arranged to have
sensitivity dhamdcoesisingofeatirecofathist kmboddmentofiresiides dgonat or

coil loops having two power supply points; and power supply nmeans for
supplyi ng powdrats @evex oipresupbpbied 98t efpr RPOpNESe Adi B eCemds Brtofeen t he
two power supply points of one of said resonator coil |oops _and _the two"
power suppl ycgsingatisin thetweerrthestour oliserr resgucisdrsa 31do3R® phase
difference between the two power supply points of each of said resonator
coil | oops aBngd fanegdmar sharesd i ceniCEoRi 318 enbParifdgallyai @ power
supply nmeans .including a 90[err] phase power divider for outputting two .
hi gh frequen8jffegeatiadananen SHPRHAsELEF Y Br éﬁ@elﬁhﬁﬁ’%éﬁ&én,t"a first
differential power supply circuit for receiving a,0[err] phase high
frequency si BRAREF PofneaPPIRY &G |alsh & AWotRFeRt iR 4ePOWEEJSHBREY at i ng a

Olerr) phase Do L sgyeney olanely and 180er ). Pgse, Mgl eayens

A and point C have a 180°.phase difference there-tween,
while point B and point D also have a 180° phase
"difference therebetween. The tﬁo differential power
Supply circuits 352 and 353 receive power in 90° phase
difference from a 90° phase power divider 351.

Each of these differential power supply circuits
352 and 353 has a construction as shown in Fig. 7. 1In
Fig. 7, capacitors.le and 362 and inductances 371 and
372 form a bridge circuit, with two opposite points 381
and 382 connected to point A (B) and pdint C (D) of the
RF coil, respectively, and two other opposite points
383 and 384 connected to a transmiesion line leading to
the 90° phase power divider 351. Normally, the capaci-
tors 361 and 362 have the same capacity C,'and the
inductances 371 and 372 also haye the same value L,

which satisfy the following equation:
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first differential power supply circuit outputting said 0[érr] phase hi gh

frequency signal to one of said power supply points of one of said
resonator coil | oops, and outputting said 180[err] phase high frequency

signal to the other power supply point of said one of said resonator coi

| oops; and a second differential power supply circuit for receiving a
90[ err] phase high frequency signal fromsaid 90[err] phase power divider,

Frequency si gral, $37dMedbid @ erent al poner Supply G1rouit outputting
ool 0, 200er 1] phase 1 9h L COuenot o] el S0 e SRS BOSE 3PP Y pol s
cor 1Y = Sndae’ © khE 3beieaFRTtes ARG ARRIREYoHES AR PR Rppi | od to
equation:
L/C = Zo°Zi
where Zo is_the_impedancé of the RF coil, and zi is the
impedance of the transmission line leading to the 90°
phase poWer divider 351. This feature dispenses'with
impedance matching capacitors as used in the conven-
tional RF coil.
with this constru¢tion, point A and point C may
receive RF.currehts in 180° phase inversion at frequen-
cy "f" above, and so may point B and D, thereby cancel-
ing the differential mode currents shown in Fig. 2B
(i.e. in-phase currents at points A and C, and in-phase

currents at points B and D). This excludes the influ- .

ences on the currents in the im;ging mode to enhance
the orthogonglity of RF magnetic fields in the imaging
mode.  To eliminate the differential mode currents with
greater assurance, thelcapacitor 361 or 362 may be

given a fine-adjustable capacity.

As shown in Fig. 7, each of the differential power
supply circuits 352 and 353 further includes variable
capacitors 363 énd-364, an inductance 373 and a switch

374. The'capacitor 364 has a capacity Ca, and the

- 19 - .
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t'he two power supply points of each resonator coil |oop to cause a
180[ err] phase difference between the two power supply points at the
frequency establishing the differ- ential node. This cancel s resonance
currents in the differential node which are in phase at the two power

supply points.. As a result, the orthogonality of RF magnetic fields in
The two resonator coil | oops are

the i magi ng, nnde I S enhanced
f or indugiance /3 has afYﬁ&“?l%@&f”@bﬁBUﬁ?Ei§ I¥xtBRdi ng parall el

f or med,
to- one anothi and arranged at substantially 90[err] ‘intervals in
lowing equa 1on- '

(1/2n) JCa+-La =
When the switch 374 is turned on to céncel the differ-
ential méde, a parallel resonance circuit formed by the
'capacitor 364 and inductance 373 becomes a high imped-
ance state at the resonance frequency "f" in the
differential mode. This state of the parallel reso-
nance circuit is equivalent to a disconnected state,
whereby the above bridge circuit alone is operative.
Assuming'that the frequency in the image mode is "fo",
the bridge circuit and parallel rescnance circuit are a
constant having a cértain value,'which may be consid-
ered equivalent to the cépacitors 331 and 333 or
capacitors 332 and 334 to which this constant is added.
Consequently, with the capacitor 363 adapted variable,
only frequency "fo" may be adjusted without influencing
frequency "f", That is, the frequency in the image
mode méy'be adjusted for the respective resonator coil
loops with the 90° phase différence without impairing
their balance, through an adjustment made in one

location. Further, since the bridge circuit has an

impedance varying function as noted above, the capaci-

tor 63 is allowed a wide range of frequency adjustment.

When the switch 374 is turned off, the capacitor

- 20 -
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sa circunferential direction; and two ri ng- shaped conductors to which
opposite ends of the |inear conductors are connected through first

capacitors, respectively; t he power supply points being di sposed at

connec- tions. where the |inear conductors are connected through the first

capacitors to one of the ring-shaped conduc- tors, an opposed pair of the
recei ving power of 180[err] RF phase difference

‘power supply points
t her ebet weerB64 and Pnddietabtg, 37Refomm ai s@rdilespaesanahees orirduict ude
This series resonance circuit may have low impedance

for frequency "fo" in the imaging mode. Then, the

currents at points A (or B) and C (or D) are substan-
tially in phase, whereby the resonator coil loops

largely deviaﬁe from a resonant conditidn. ‘This
results in an enhanced effect of decoupling with

respect to other RF coils mounted in the same MRI

apparatus.

Second Embodiment

As shown in Fig. 8, an orfhogonal RF coil in a
second embodiment of this invention has 12 linear
conductors 411-422 extending parallel to a cylinder

~axis and arranged equidistantly circumferentially of

the cylinder. Specifically, the linear conductors

411-422 are arranged at intervals of 302 circumferen-

tially of the cylinder. The lingar conductors 411-422

are connected;at upper ends thereof to one ring-shaped
conductof 481 through capacitors 431-442, respectively.
The lower ends of linear conductors 411-422 are joined
to form groups of three each and connected to the other
fing—shaped conductor 482 through capacitors 451-454.

These grcupé are connected to the ring-shaped conductor

482 at intervals of-90°. The upper and lower ring-

shaped cquuctofs 481 and 482 include capacitors

T



second capacitors arranged between the connections to which the |inear

conductors are connect ed,
di rect current conpo-

Preferably,

‘linear conductors each, respectively.

nents gui ded by gradi ent magnetic fi el ds.
the two resonator coil |oops are

461-468 arranged betwéen_adjacent groubs of three
These capacitors
461—468 are provided for cutting currents guided to thé
ring-shaped conductors 481 and 482 by gradient magnetic
fields, and have a sufficient size for the resonance
capacity.

The number of linear conductors with the lower
ends joined to form each group.is_not-limited to three,

but may be any desired plural number. However, an odd

 number is desirable to facilitate adjustment of the

orthogonality of magnetic fields. The RF coil may have

a size selected according to the size of a subject for

imaging. For photographing heads, for example, the.RF

coil should.be 30cm long and 28cm in diameter.

In order to generate uniform magnetic fields with
this RF coil, the 12 linear conductors 411-422 are
caused, in a resonant condition, to generate a current

distribution as shown in Fig. 9, according to the

respective angular positions 8 circumferentially of the

cylinder. In Fig. 9, currents flowing upward in'Fig. 8

are regarded as positive. In the resonant condition,

-the currents supplied from the capacitors 451-454 to

the respective groups of three linear conductors

411-422 each have 90° phase shifts according to the

positions of the groups.

respectively, in order to shield

- 22 -

This Sheet Has Been Re‘ilaced

AN




four x n (n being an integer 2 or nore) |inear

conductors extending parallel to one another and arranged in a
circunferential direction, the linear conductors being joined together at
one ends thereof to forn1four groups of n linear conductors each, the
groups being arranged at substantially 90[err] intervals: a flrst

ri ng- shaped conductor to which the other ends of the I|near conductors are
connect ed t hroughn éachtgrappcbfothxeeeipﬂehmvdqnduntbrs W1thith@ond

ring-shaped conductor to which the groups
lower ends joined together, it is adequate to obtain

fornmed by:

current intensities corrésponding to angles of spatial
positions of the linear conductors. Taking linear
conductors 411, 412 and 413, for example, the currents
flowing therethrough are determined by the iﬁﬁedance
due to the linear conductors per se and the capacitors
connected thereto. That is, the currents are deter-
mined by the impedance due to the linear conductor. 411
" and capacitor 431, by the impedance due to the linear
| condu&for 412 and capacitor 432, and by the impedance
due fb the linear conductor 413 and capacitor 433. 1In
an RF coil of a size for ordinary use, arcuate portions
are far shorter than the linear conductors 411, 412 and
413. Thus, the impedance of the middle linear conduc-
tor 412 may be regarded as substantially the same as
the impedance of the opposite side'linear cdnductors """
411 and 413. The currents t;rough the three linear
conductors 411-413 may therefore be determined only by

the capacitors 431-433. The éapacitors 431-433 may be

adjusted so that currents flow through the side linear
conductors 411 and 413 in a quantity corresponding to

cos 39° of the quantity of current flowing through the

middle linear conductor 412.

- This applies to the other groups of three linear

- 23 -
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»of the linear conductors joined together atthe one ends are connected

t hrough second capacitors, respec- tively; t he power supply points
bei ng di sposed at connec- tions where the groups of the |linear conductors
are connected through the second capacitors to the second ring-shaped
conductor, an opposed pair of the power supply points receiving power of
180[err] RF phase differ- ence therebetween. Wth the two resonator

coil loops having the above construction, the 4 x n |inear conductors have
a conductors. Thus, the capacitors 431, 434, 437 and 440

may be equalized, and so are the capacitors 432, 435,

438 and 441 and the capacitors 433, 436, 438 and 442.

The 12 linear conductors 411-422 are arranged equidis-
tantly at intervals of 30° circumferentially of the
cylinder as noted above. This arrangement is.adopted
in order to attain a maximum uniformity of magnetic
fields. With such an equidistant arrangement, the

capacitors 431, 433, 434, 436, 437, 439, 440 and 442

may be equalized. While thé respective capacitors may

be adjusted to suitable values as noted above, the
following values are selected in this embodiment. The

‘capacitors-451—354 are set fo about 100pF, the capaci-
tors 432, 435, 438 and 441 to about 120pf, the capaci-
tors 431, 433, 434, 436, 437, 439, 440 and 442 to about
80pF, and the capacitors 461-468 to about l0,000PF.

The currént distribution ma&-be adjusted by
adjusting the-capagitors 431-442, thereby to generate
uniform orthogonal magnetic fields. Thus, frequency
adjustment may be effected through adjustment of
capacitors 451-454 without impairing the uniformity of

magnetic fields.
The pair of capacitors 451 and 453 and the pair of

capacitors 452 and 454 supply RF currents of 90° phase

difference to positions between the linear conductors
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210 “current distribution deternmined by the first capaci- tors. -Thus,
the current distribution may be sel ected by varying the first capacitors,
to secure uniformty of magnetic fields generated. Aside fromthe

uni form - ty of magnetic fields, frequency adjustnent may be

and the ring-shaped conductor 482. In this embodiment,

as shown in Fig. 10, power is forcibly supplied in 180
inversion to the capacitor 451 and capacitor 453
through a bridge circuit formed by caﬁacitors 471, 472
and 473 and inductances 474 and 475 connected to a
power supply.poin; 476 (which is connected té the 90°
phase power divider described in the first embodiment).
(Though not shown, a similar bridge circuit is connect-
ed to the capacitors 452 and 454.) With this type of
differential power supply circuit, frequency adjustment
of the RF coil may be effected by adjusting the capaci-
tor 471 connected centrally of the bridge circuit.
.Since the adjustment of only one capacitor 471. is

adequate, it is unnecesséry to balance the capacitors

451 .and 453 when varying these capacitors 451 and 453

for frequency adjuStment. That is, the capacitors 451

and 453 may be balanced only once, and thereafter only

the capacitor_47i may be varied.

Wheﬁ thellinear conductors 411-422 are arranged in';
inaccurate positions to form asymmetry and impair the
orthogonality of magnetic fields due to manufacturing
errors or the like, linearity may be secured with ease
by adjusting the capacitors 461-464 included in the
ring-shaped conductor 481. 1In this case, however,

adjustment of capacitors 451-454.may result in the
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effected by varying the second capacitors. Wth the adj ust rent of the
uniformty of magnetic fields and the frequency adjustnent bei ng nmade
separately, it is easy to carry out the frequency adjustnment while

maintaining the uniformty of magnetic fields. Preferably, the

first and second ring-shaped conductors include third capacitors arranged
bet ween the connections to which the lin con ctors_ar conngct ed,
resgectiyely,°¥ﬁh%99%?2%gysﬁﬁépg F@b@'d cop e € ?F y

gr adi ‘ent nagqg fds gev1at1ng from % .o t he groups includes an

odd
The device for supplying power to the orthogonal

RF coil in the second embodiment is not limited to the
construction shown in Fig. 10, but may employ the
differential power supply circuit described in the
first embodiment with reference to.Fig. 7. With such a
device, the undesirable differential mode currents may
be canceled effectively in the orthogonal RF coil in
the second embodiment as well. ' |

The number and positional relationship of the
linear cenductors in the described embodiments are only
by way of example, and should not be construed.to be
limitative.

The present invention may be embodied in other
5pecific forms withput departing from the spirit or
essential attributes thereof and, accordingly, fefer-
ence should be made to the appended claims, rather than

to the foregeing specification, as indicating the scope

of the invention.
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nunber of the linear conductors, in order to facilitate adjustnment of the
orthogonal ity of RF nagnetic fields. It is desirable that the power
supply means i ncl udes: a 90[err] phase power divider for outputting

two high frequency signals having a 90[err] phase difference; a
first differential power supply circuit for receiving a 0 phase high
frequency signal fromthe 90[err] phase power diyider,:and generating a

Oferr] phase_ﬁﬂg@ is claimed is:

1. An orthogonal RF coil for use in an MRI apparatus,
comprising:

two resonator coil loops arranged:to have sensi-
tivity directions orthogonal to each other, each of
said resonator coil loops having two power supply
points; and | '

power supply means for supplying power so as to
piovide a 90° RF phase difference between the two power
supply points of one of said resonator coil loops and
the two power supply points of the other resonator coil
loop, and a,180O RF phase differénce between. the two
power supply points of éach of said resonator coil

' loops'at a frequency establishing a differential mode.

2. An orthogonal RF coil as defined in claim 1,
whereln said two resonator coil loops are formed by:

four linear conductors extending parallel to one

another and arranged at substantially 90° intervals in’

) a circumferential direction; and

two ring-shaped conductors to which opposite ends

of said linear conductors are connected through first

capacitors, respectively;

said power supply points being disposed at

- 27 -

This Sheet Has Been R« laced

U 0 " L




Y

>f requency signal and 180[err] phase high frequency signal, the first
differential power supply circuit outputting the O phase high frequency

signal to one of the power supply points of one of the resonator coi
| oops, and outputting the 180[err] phase high frequency signal to the
ot her power. supply point of the one of the resonator coil |oops;.and

connections where said linear conductors are connected
through said first capacitors to one of said ring-
shaped conductors, an opposed pair of said power supply

points receiving power of 180° RF:phase difference

therebetween.

3. An orthogonal RF coil as defined in claim 2,
wherein said two ring-shaped conductofs include second
capacitors arranged between said connections to which

said linear conductors are connected, respectively.

4. An orthogonal RF coil asldefined in claim 1,
wherein said two resonétor coil ioops are formed by:
four x n {(n being éh integer 2 or more) linear
conductors extending parallel to one another énd
arranged in a circumferential direction, said linear
conductors being joined together-at one ends thereof tb
form four grdup§ of n linear conductors each, said

groups being arranged at substantially 90° intervals;

a first ring-shaped conductor to which the other
ends of said linear conductors are connected through
first capacitors, respectively; and

a second ring-shaped condﬁctor to which said

groups of said lineér conductors joined together at

said one ends are connected through second capacitors,

[
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a second differential power supply circuit for receiving a 90[err] phase

hi gh frequency signal fromthe 90[err] phase power divider, and generating

a 90[err] phase high frequency signal and 270[err] phase hi gh frequency
signal, the second differential power supply circuit outputting the

90[ err] phase high frequency signal to one of the power supply points of
the other resonator coil |oop, and outputting the 270[err] phase high
frequency signal to the other power supply point of the other resonator
coil loop. respes¥dMeliwially, each of the first and second differ-

said power supply points being disposed at connec-
tions where said groups of said linea; conductors are
connected through said second capacitors to said second
ring-shaped conductor, an opposed pai;.of s;id power
sﬁpply points receiving power of 180° RF phase differ-

"ence therebetween.

5. An orthogonal RF coil as defined in claim 4,
wherein said first and second ring—shapéd conductors
include third capacitors arranged between said connec-

tions to which said linear conductors are connected,

respectively.

6. An orthogonal RF coil as defined in claim 4,

wherein each of said groups includes an odd number of

said linear conductors.

7. An orthogonal RF coil as defined in claim 6,
wherein each of said groups includes three linear
conductors, said linear conductors being arranged at

30° angles in said circumferential direction.

8. An orthogonal RF coil as defined in claim 1,

wherein said power supply means includes:
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ential power supply circuits includes a bridge circuit wth two capacitors

opposed to each other and having the sane capacity C, and two i nductances
opposed to each other and having the sanme value L, the capacity C and the
val ue L satisfying (1/2[err]) [err] =f (where f is a resonance
frequency establishing the differential node);

a 90° phase power divider for'outpufting two high
frequency signals haying a 90° phase'difference there-
between; '

a first'differential power suppiy circuit for
receiving a 0° phase high frequency signal from said
90° phase power divider, and generating a 0° phase high

. frequency signal and 180° phase hiéh frequeﬁcy signal,
said first differential power subply-circuit outputting
said 0° phase high freqﬂ;ncy signél-to one of said
power supply points of one of said resonator coil
loops, and outputting said 180° phase high frequency
signal to the other power supply point of said one of
said resonatqr coil loops; and

a second differential power supply circuit for
receiving a 90° phase high frequency signal from said
90° phase power divider, and generating a 90° phase
high frequency.signal andn270é phase high frequency
signal, said_second differential power supply circuit
outputting said 90° phage high frequency signal to one
of said power supply poiﬁts of the other resonator coil
loop, and outputting said 270° phase high frequency

signal to the other power supply point of said other

resonator coil loop.

9. An orthogonél RF coil as defined in claim 8,
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differenti al

circuit including two opposed connecting points
power supply points of the one of

and two further
sion line to a O[err] phase high frequency signal

90[ err] phase power divider; and’

the bridge circuit of the first differential power supply

connected to the two

WRONRs S R S TN EPELEYLAS éé“@o%&p&i%%e%%ﬂ%ﬁcﬁ' nd

power supply circuits includes a bridge circuit with :

two capacitors opposed to each other and having the

' ~same capacity C, and two inductances opposed to each

N B R

other and having the same value L, said capacity C and
said value I satisfying
(1/2rn) JC-L = £ (where f is a resonance frequency

establishing said differential mode);

said bridge circuit of said first differential
power supply circuit including two opposed connecting
points connected to.the two power supply points of said
one of said resonator coil loops, respectively, and two
further opposed connecting points connected through a
transmiss%onlline to a 0° phase high frequency signal
output terminal of said 90° phase power divider} and'

Sald brldge circuit of said second differential
power supply c1rcu1t 1nclud1ng two opposed connecting
points connected to the two power supply points of said
other resonator coil loop, respectivélyg-and two

further opposed connecting points connected through a

transmission line to a 90° phase high frequency signal

output terminal of said 90° phase power divider.

10. An orthogonal RF coil as defined in claim 9,

wherein said capacity C and said inductance L satisfy

the resonator coil |oops, respectively,

opposed connecting points connected through a transm s-
output terminal of the

the bridge circuit of the second

e
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poi nts conne
coil loop, r
connected th
signal outp
first and se

constructi on,

resona- tor
resonance fr
differenti al

cted to the two power supply points of the other
espectively, and-two further opposed connecting points

rough a
ut termnal of the 90[err] phase power divider.

cond differential power supply circuits having the above

coil loop in a forcibly i-nverted phase condition at the

equencgy, est apl ishing the differential node. As a result, the
VLS IR | - |

node
where Zo is impedance of said An orthogonal RF coil,

‘and 2i is impedance of the transmission line leading to

said 90° phase power divider.

11. An orthogonal RF coil as defined in claim 9,
wherein at least one of said capacitors included in

said bridge circuit is a variable capacitor.

12. An orthogonal RF coil as defined in claim 9,
Qherein each of said first and second differential
power supply circuits further includes:

a parallel resonance circuit with a different
capacitor and a different inductance, said parallel
resonance circuit having the same resonance frequency
as a resonance frequency establishing said differential
mode, and having a switch connecﬁed in series to said

different capacitor; and

a different variable capacitor connected in series

. to said parallel resonance circuit;

one end of_séid parallel resonance circuit being
connected along with one of said connecting_points of
said bfidge circuit to one of said power supply points
of said one of said resonator coil loops, and one end

of said different variable capacitor being connected

resonat or

‘transmission line to a 90[err] phase hi gh frequency
Wth the

power is supplied to the two power supply points of each
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eurrents in phase are cancel ed. Preferably, the capacity C and the
I nductance L satisfy L/C = Zo.Zi where Zo is inpedance of the

orthogonal RF-coil, and Zi 13 S
| npedance of the transmission line |eading to the

along with the other connecting p01nt of sald brldge

o F

circuit to the other power supply point of said one of

said resonator coil loops.

13. An orthogonal RF coil as défined in claim 8,
wherein each of said first and second differential
power supply circuits includes a bridge circuit with
two capacitor;:opposed to each other énd having the
same capacity, and two inductances opposed to each
other ;nd having the same value;
said bridge circuit of said firsﬁ differential
power supply circuit including two opposed connecting
- points connected to the two powef supply points of said
one of said resonator csil loops, respectively, and tﬁo
further opposed connecting points connected through a
transmission line to a 0° phase high frequency signal
output terminal of said 90° phase power divider; and
said bridge circuit of said second differential
power supply circuit including two opposed connecting
points connected to the two power supply points of said
other resonator coil loop, respectively, and two
further dpposed connecting points connected through a
transmission line to a 90° phaée high fredquency signal

output terminal of said 90° phase power divider.
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20 phase power divider. Wth such value setting, no capacitors are
requi red for inpedance matching of the RF coil. Further, at | east
one of the capacitors included in the bridge circuit, preferably, is a
variable capacitor. The differential node currents may be elimnated
with increased precision through fine adj ustment of the capacity of the
vari abl e capacitor. It is preferred that each of the first and
second dlfferbmtlaAnpomEhogoppﬂyRﬁ|unnhsa§ldaﬂunedranmEaam 13, a
‘parall el resonance circuit with a different

wherein said bridge circuit of each of said first and
second differential pdwer supply circuits includes a
variable capacitor connected between said connecting

points connected to said power supply points of one of

said resonator coil loops.
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capacitor and a different inductance, the parallel resonance circuit
havi ng the sane resonance frequency as a resonance frequency establishing
the differential nopde, and having a switch connected in series to the
di fferent capacitor; and a different variable capacitor connected in

series to the parallel resonance circuit; one end of the paralle
connected al ong mnth one of the connecting points

resonance circuit belqg
t he bri dBIFRACT t OF oTBReDEECLASUBBwer supply points of the one of the

of
resonator coil Io%ﬁf, and -one end of the .
orthogonal RF (radio frequency) coil for use in

an MRI (Magnetic Resonance Imaging) apparatus includes
two resonator coil loops arranged to have sensitivity
directions,orthogonal to each other, each of the
resonator coil loops having two power supply points;
and power supply circuits for supplying power so as to
provide a 90° RF phase difference'betﬁeen the two power
supply points of one of the resonator coil loops and -
the two power supply points of the other resonator coil
loop, and a 180° RF_phase difference between the two
power supply points of each of the resonator coil loops
at a frequency establishing a differential mode. The
RF phase difference bet&een the two power supply points
of each resonator cgil loop is forcibly inverted at the
frequéncy establishing the differential mode. This

cancels in-phase resonance currents of the differential

mode, to enhance the orthogonality of RF magnetic

fields.

- 35 -
3 heet Has Been Replaced

R




R :
#Tferent variable capaci t-ar: bei ng connected along with the other
connecting point of the bridge circuit to the

- 14 ot her power supply point of the one of the resonator coil | oops.
The above switch is turned on when the RF co%is

Fig.1 (PRIOR ART)
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£ 3 .
driven. As a result, the parallel resonance circuit becones a high
i npedance state at the resonance fre- quency in the differential node.
This state of the parallel resonance circuit is equivalent to a discon-
nected state, whereby the above bridge circuit alone is operative. At the
frequency "fo" in the image node, the br|d circuit and parallel
resonance circuit are a constant having a ain val ue, which may be
consid- ered equivalent to the inpedance o ach resonator coil loop to
whi ch this constant is added. Cbnsequently, by adjusting the variable
' capa0|tor connected to the .

Fig. 2A (PRIOR ART)
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p%rallel resonance circuit, only frequency "fo" may be adjusted w thout

I nfl uencing frequency "f". The swtch is turned off when the RF coil is
not operated. Then, the frequency of the resonator coil |oops may be
varied to a great extent, to enhance an effect, of decoupling wth respect
to other RF coils. BRI EF DESCRI PTION OF TH W NGS For the
purpose of illustrating.the invention, ther e shown in.the draw ngs -
several forms which are presently preferred, /i"t being understood, however,
that . Fig.3 (PRIOR ART)

181

ﬁ17j 5 position(0)
118 111

This Sheet Has Been RTlaced




15 the invention is not limted to the precise arrange- ments and
Instrunentalities shown. Fig. 1 is a schematic view of an orthogonal
RF coil known in the art; Fig. 2Ais a view show ng a current

di stribution /é

"_Fig.5 (PRIOR ART)
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N an i magi ng node according to the prior art; Fig. 2Bis a view
showi ng a current distribution in a differential nbde according to the
prior art; Fig. 3 is a schematic view of a birdcage coil known in
the art; Fig. 4 is aview showing a curgent distribution in the

bi rdcage coil; Fig. 5is a schemtic ﬁf of a distributed cosine
coil known in the art; Fig. 6 is a sc tic view of an orthogonal RF
coil in a first enbodi nent of this invention!

Fig.6
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supply circuit

351
90°phase power divider
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#ig. 7 is a diagramshow ng a differential power supply circuit in the
first enbodi nment; Fig. 8 is a schematic view of an orthogonal RF
coil in a second enbodi nent of this invention; Fig. 9is a view

showi ng a current distribution in the second/enbodi nent; and Fig. 10
I's a diagram showi ng a power supply ci,_r_-q_ui t/én t he second enbodi nent.

Fig.7
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<16 DETAI LED DESCRI PTI ON. OF THE PREFERRED EMBODI MENTS Preferred
enbodi nents of this invention will be described in detail hereinafter
with reference to the dr awi ngs. Fi rst Enbodi nment As shown
in Fig. 6, an orthogonal RF coil in a first enbodinment of this invention
has four |inear conductors 311-314 extencﬁ/g parallel to a cylinder

vy

Fig.8
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axis and arranged equidistantly at intervals of 90[err] circunferentially
of the cylinder. Each of the linear conductors 311-314 is connected at
one end thereof to a ri ng- shaped conductor 315 t hrough a capacitor 331,
332, 333 or 334, and at the other end to a ring-shaped conductor 316
through a capacitor 335, -336, 337 or 338. ri ng- shaped conductors 315
and 316 include capaci - tors 321-324 and 3 328 arranged. in series,
respec- tively. The |inear conductorsf®@11 and 313, ring-shaped

conductors 315 and 316, and capacF‘lig 3,9331, 33, 335
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'ORTHOGONAL RF COIL FOR MRI APPARATUS

BACKGROUND OF _THE INVENTION
(1) Background of the Invention

This invention reiates ﬁo MRI (Magnetic Resonance
Imaging) apparatus, and more particulariy to orthogonal
RF (radio freguency) coils for use in generating high
frequency_magnetic fields to excite'magnétization in
~the body of an examinee, and detecting NMR (Nuclear
MagnetiqﬁResonance) signals generated with mitigation
of the magnetization excited.
(2) Description of the Related Art

An orthogonal RF.coil usedtin an MRI apparatus has
two electrically independent resonator coil loops
formed orthogonal to each other. Such a coi} is useful
in that the two coil loops consume half the high fre-
quency power consumed by a single fésonator coil loop
when effecting excitation needed for MR imaging, and
provide a /2 times S/N ratio when recei;ing NMR sig-
nals. In order to approximate the above theoretical
values, it'is important féi.this orthogonal RF coil to.

attain a high degree of independenée or orthogonality

“agrnom— -

“between the two resonator coil loops. The orthogonali-
ty of the two resonator coil loops refers to é.SOO..

displacement in vector direction between high:frequency
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177 copper piping, for exanple. The |linear conductors 311- 314 have a
| engt h, and the ring-shaped conductors - -315 and 316 have a di aneter,
suitably sel ected accord- ing to the size of a subject for imaging.
The capacitors 321-328 are provided for shielding direct current
conponents mainly due te-gradient field coupling, and havé.a relatively
| arge capacity (e.g. several thousand to 40, OOpF). The resanance
“frequency of each resonator coil loop is adjusted marnly by the
capacitors 331-338. The capacitors 331-338 have a

(RF) magnetic fields generated by the respective coils

in signal transmission, and a 90° displacement in
vector direction between NMR signals detected by the
respective coils in signal reception.

Fig. 1 shows a first type of known orthogonal RF
coil. In Fig: 1, fouf linear conductors -11-14 are
connected at.opposite ends thereof'to ring-shaped
conductors 15 and 16 through capacitors 31-34 and

'35—38. The ring-shaped conductors 15 and 16 include
capacitq£§ 21-24 andl25—28 arranged in series, respec-
tively. The linear conductors 11 and 13, ring-shaped _
conductors 15 and 16, and capacitors 31, 33, 35 and 37
form one resonator coil loop, while the linear conduc-
tors 12 and 14, ring-shaped conductors 15 and 16, and
capacitors 32, 34, 36 and 38 form the other resonator
coil loop. Power is supplied to points B and C from a
90° phase power divider 51. Capacitors 39.and 40 are
provided to effect impedance matching. |

In this example, the capacitors Zi;28 have a
relatively large capacity, with mainlf capacitors 31-38
acting to adjust resonance frequencies té obtain a
steady characteristic (i.e. maintenanqe'qf the orthogo-
nalitj noted above). The groups of four capa;itors

21-24, 25-28, 31-34 and 35-38 have substantiél;y the

o e e b

same capaéity. : _ -
T . This is the replacement sheet
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refatively small capacity (e.g. several ten to several hundred pF). The.
groups of four capacitors 321-324, 325-328, 331-334 and 335-338 have
substantially the sanme capacity. Each capacitor conprises a ceramc
capacitor, for exanple, which involves only a small high frequency | oss.
The ring-shaped conductoers 315 and 316 are not Ilinmted to a circular
shape, but may be forned elliptic as desimkred. Further, it is.rot

absol utely necessary to arrange the |linear conductors 311-314
equidistantly at the intervals of 90[err], but may be arranged at

I rregul ar Resonance currents as shown in Fig. 2A flow
through -this type of orthogonal RF coil. TIn Fig. 2A,
resonance cureents shown in solid lines and those shown
in dotted lines flow independently of each other. The
current flowing through point C and the current flowing
through point A are in phase inversion. Similarly, the
current flowing through point B and the current flowing
through 'point D are in phase inversion. These indepen-
dent currents generate RF magnetic fields orthogonal to

. one another. Consequently, it is useful in MR imaging
to establish a.résonance mode with such current flows
at NMR resonance frequencies (imaging mode).

On the other hand, there e#ists also a resonance
mode (differentiallmode) with resonance currents
flowing as shown in Fig. 2B. In this mode,_the cur-
rents flow.commonly through linear conductors 11-14,
with no independence thereamong. The curregt-flowing
through point C and the current flowing_through point A
are in phase, and so aré the current flowing through
point Bland the cu;;gpt flowing through point D. A
composition of RF magnetic fields centrally of the RF
coil is.zero, and so this mode generallz_canqpt be used
as an imaging mode.

However, the known orthogonal RF coil hés—a -
drawback of providing a poor orthogonality: of “RF

) “This is --i,ho replacement sheet
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iatervals. 1In this case, the capacities of the respec- tive capacitors

331-338 may be adjusted so that the ‘respective resonator coil |oops may
generate magnetic fields orthogonal to each other. '
18 The foregoing construction is basically the same

4 L

magnetic fields. That is, the frequency establishing
the iﬁaging'mode and the frequency establishing the
differentiql_mode often become close to each other
because of the balance of capacitance and inductance in
the RF coil or the like.. In such'a case, the ;ésonance
currents in the differential mode are combined with the

' resonance currents in the image mode, thereby degrading
the orthogonality of RF magnetic fields in the imaging
mode.

Known cylindrical RF coils as described above
include what is known as a birdcage coil and a distrib-
uted cosine coil. Each of these cylindrical RF coils
has numerous'linear conductors éxtending parallel to a
cylinder axis. In a resonant state, each linear
conductor receives a cos 8 current corresponding to a
spatial position € fhereof, thereby generating high
frequency magnetic fields of excellent uniformity (see
Japanese Patent Publicafion 3-50541 forrthe birdcage
coil, and Bolinger et al., J. Magnetic ﬁésbnance, 81,
162, 1988 for the distributed cosine coil).-

Fig. 3 shows an example of birdcage coils having
eight linear conductors. In Fig. 3, the eight linear
conductors 111-118 are connected at opposite ends |
thereof to two ring-shaped conductors 181 and_182. -In

~a resonant state, highly uniform magnetic fields are

-_Th}s s the replacsment shoet
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as‘the first known exanple shown in Fig. 1. The characteri zing feature
of this enbodinent resides in that power is supplied at four points A, B,
C and D of connection between the four |inear conductors 311-314 and
orte ring-shaped conductor 315. Specifically, a differential power supply
circuit 352 is connected to point A and point C ~and a differenti al
power supply circuit 353-to point “B and pvint D. As a result, point A
and point C have a 180[err] phase difference there-tween, while point B
and point D al so have™a 180[err] phase di fference therebetween. The two

differential pPGWRErated when the eight linear conductors 111-118 form
a current distribution as shown in Fig. 4.

.As-shown—in Fig. 5, a distributed cosine coil has
linear conductors 211-230 each connected at one end -
(upper end) thereof to a ring-shaped conductor 281.

The other ends (lower ends) of linear conductors
211-230 are joined to form groups (groups of five each
in the drawing) to be connected to a ring-shaped -
conductor 282 through capacitors 251-254. 1In the

f drawing, _the dotted lines represent an orthogonal type
construction (with solid line portions and linear
portions generating magnetic fields at 90° to one
another). | |

However, the conventional RF coils have the
pfoblems that the uniformity of magnetic fields is
impaired as a result of frequency adjustment, and that
adjustment to keep the uniformity of magnetic fields is

) difficult. ) | |

Specifically, for use in an MRI apparatus, it is
necessary to bring the reéonance frequency of the RF
coil into agreement with NMR resohance frequency, and
tuning capacitors must be adjusted. EE_tﬁe example
shown in Fig. 3, the capacitors 131-138 are adjusted
while maintaining the éapacity thereof, to adjust the

resonance frequency. To;maint;in a high degree—of

- | 7 Thig is the replacement sheet
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supply circuits 352 and 353 .receive power in 90[err] phase di fference
froma 90[err] phase power divider 35X. . . Each of these differential
power supply circuits 352 and 353 has a construction as shown in Fig. 7.
If Fig. 7, capacitors 361 and 362 and inductances 371 and 372 forma
bridge circuit, with two opposite points 381 and 382 connécted to point A
(B) and point C (D) of the RF coil," respgctively, and two other opposite
points 383 and 384 connected to a transmission 1ine leading to the

90[ err] phase power divider 351. Normally, the capaci- tors 361 and 362
have t he sanme wahformity, ofindaghetic fields, the capacitors corre-

sponding in number to the linear conductors must be
varied whilg_maintaining the capacity thereof equal as
noted above. Such an adjusting operation is extremely .
difficult. If frequency adjustment'is effected by
varying only. certain capacitors to simplify the opera-
tion, the distribution of currents flowing thfough the -
linear conductors will deviate from what is shown in
Fig. 4 and impair the uniformity of magnetic-fields.
WitE‘the distributed cosine coil shown in Fig. 5,

the current distribution is determined only by induc-
tance of each linear conductor. It is therefore
difficult to obtain an ideal current distrigution, and
the current distribution cannot be adjusted once .a
shape has been determined. That is, the cuffents
flowing through the linear conductors 211, 212 and 213,
for example, are determined by line lengths up to

‘ points 272, 273 and 274, respectively. It ié.thus
“impossible to éffect adjustment for enhéhcing the
uniformity of magnetic fields. Further, the linear
conductors 211-215 and ring-shaped conductor 281 form a
direct current type closed loop. This closed loop is
guided by a pulse-like applica;ién of gradiené magnetic

fields during MR imaging, to generate over-cui;gnts.

detrimental to reconstructed images. N i
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i mduct ances 371 and 372 al so have the sane value L, which satisfy the

foll ow ng equati on: . 19
(1/2[err]) [err] =f where f is a resonance frequencyThﬂ&ﬁadhiBam Ti

node. -The above val ues al so satisfy the following equaf “ﬂﬂllll"l"lll

SUMMARY OF THE INVENTION

Having regard to the state of the art noted above,
an objegt:qg,;his invention is to provide an improved
orthogonal RF coil for use in an MRI apparatus, which
suppresses undesirable non-imaging mode currents,
thereby to enhance the orthogonality of RF magnetic
fields in an imaging mode.

Another objéct of this invention is to provide an
improved orthogonal RF coil.for use in an MRI appara-
tus, wh1§§ maintains the uniformity of magnetlc fields
with ease even when frequency adjustment is made.

The above objects are fulfilled, according to this
invention, by an orthogonal RF coil for use in an MRI
apparatus, comprising:

two resonator coil loops arranged to have sensi-
tivity directions orthogonal to each other,—gach of the
resonator coil loops having two power supply points;
and o

power supply means for supplying péﬂer so as to
proVide a 90° grF phase difference between the two power

supply points of one of the resonator coil loops and

the two power sﬁpply points of the other resonator coil

——

loop, and a 180° RF phase difference between éhe two
power supply points of each-of the resonator coil loops

at a frequency establishing a differential_mqqg,.
Lo - | Thig is the repisosment sheet
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LFC = Zo*Zi where Zo is the inpedance of the RF coil, and Zi is the
| npedance of the transmssion |line leading to the 90 phase power divider
351. This feature di spenses with inpedance matching capacitors as used in

the conven- tional RF coil. Wth this construction, point ‘A and
point C may. receive RF currents in 180[err] phase inversion at frequen-
cy "f" above, and so may point B and D, thd eby cancel- ing the

differential node currents shown in Fig. 2B (i.e. in-phase currents at
points A and C, and in-phase . _
According to this invention, power is supplied to
the tﬁo‘power supply points of each resonator coil loop
to cause a ;anS prhase difference between the two power
supply points at the frequency establishing the differ-
ential mode. This cancels resonance currents in the
differential.mode.which'are ih phase at the two power
supply points. As a result, the orthogonality of RF
magnetic. fields in the imaging mode is enhanced.
The two resonator coil loops are formed, for
example,hpy:
four linear conductors extending parallel to one

another and arranged at substantially_90O intervals in
a circumferential direction; and
two ring-shaped conductors to which opposite ends

na——_.

of the linear conductors are connected through first
capacitors, respectiveiy;
the power supply points being disposed at connec-
tions where the liﬁéar condﬁctoré are connecﬁed through
the first capacitbrs to one of the ringléhaped conduc-
_tors, an opposed pair of the power supply points
receiving power of 180° RF phase difference

therebetween.

———

Preferably, the two ring-shaped conductors include

second capacitors arranged between the connections to

which the linear conductors are connected, . ...

- - . Thie is the replacement sheet
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currents at points B and D). This excludes the influ- ences on the
currents in the imging node to enhance the orthogonality of RF magnetic
fields in the imaging node. To elimnate the differential node currents
wi*th greater assurance, the capacitor 361 or 362 may be given a
fine-adjustable capacity. As shown in Fig. 7, each of _the
differential power supply. circuits -352 and @53 further includes variable
capacitors 363 and 364, an inductance 373 and a switch- 374. The capacitor

364 has a capacity Ca; and the
respectively, in order to shield direct current compo-

nents guided by gradient magnetic fields.
- Preferably, the two resonator coil loops are
forméd by:

four x n (n being an integer 2 or more) linear
conductors extending parallel to one another and
arranged in a.circumferential direction, the linear
conductors being joined together at one ends thereof to
form four groups of n linear conductors each, the
groups being arranged at substantially 90° intervals;

a first ring-shaped conductor to which the other
ends of the linear conductors are cohnected through
first capacitors, respectively;'and |

a second ring—shaped conductor to which the groups
of the linear conductors joined together at;Lhe one
ends are connected through second capacitors, respec-
.tively;

the power suppiy_points being disp9$ed at connec-
tions where the groups-bf the linear conduéforé are
connectedlthrough the second capacitors to ﬁhe second
ring-shaped conductor, an opposed pair of the power
supply points receiving power bf 180° RF phase differ-
ence therebetween. B

With the two resonator coil loops having.the above

construction, the 4 x n linear conductors have a

This is the: replacement sheet
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26 inductance 373 has a value La, which satisfy the follow ng equation:
(1/2[err]) [err] = f. Wen the switch 374 is turned on to cancel the
differ- ential node, a parallel resonance circuit forned by the capaci tor

364 and i nductance 373 becones a high inped- )

' 0 -

current distribution determined by the first capaci-
tors..“Thus, the current distribution may be selected
by varying the first capacitors, to secure uniformity
of magnetic fields generated. Aside from the unlformi-
ty of magnetic fields, frequency adjustment may be
effectéd by varying the second capacitors. With the
adjustment of.the uniformity of magnetic fields and the
frequency adjustment being made separately, it is easy
to carry ouf the frequency adjustment while maintaining
the uniformity of magnetid fields. )

Preferably, the first and second ring-shaped
conductors include third capacitors arranged between
the connections to which the lihear conductors- are
connected, reépectively, in order to shield direct
current components guided by gradient magnetic fields.

Preferably, each of the groups includes an odd
number of the linggr conductors, in order to facilitate

adjustment of the orthogonality of RF magnetic fields.

It is desirable that the power supply means

includes:

a 90° phase power divider for outputting two high

frequency signals having a 90° phase difference;

e

a first differential power éupply circuit for

receiving a o° phase high frequency signal from,the'90°

phase power divider, and generating a 0° phase *high
Thig s the repladement sheet
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ance state at the resonance frequency "f" in the differential node. This
state of the parallel reso- nance circuit is equivalent to a disconnected
state, whereby the above bridge circuit alone is operative. Assum ng that
the frequency in the imge node is "fo", the bridge circuit and parall el
resonance circuit are a constant having a certain value, which may be -
consid- .ered equivalent to the capacitorsi3l and 333 or capacitors 332
and 334 to which this constant is added. Consequently, with the capacitor
363 adapt.ed variable,- only frequency "fo" may be adjusted w thout

i nfluencing frequency signal and 180° phase high frequency signal,
the first differential power supply circuit outputting
the 0° pha§e;high frequency signal to oﬁe of the power
supply points of one of the resonator coil loops, and
outputting the 180° phase high frequency signal to the
other power. supply point of the one of the resonator
coil loops; .and

a second differential power supply circuit for
receiving a g0° phase high frequency signal from the

90° phase power divider, and genérating a 90° phase

high frequency signal and 270° phase high frequency
'signal, the second differential power supply circuit
oﬁfputting the. 90° phase.high frequency signal to one
of the power supply points of the other resonator coil
loop, and outputting the 2760 phase high freguency
signal to the other power supply point of the_othef
resonator coil ldop. _ _ -
Specifically, each of the firét‘aqq second differ-
ential power Supply"circuits includes a bridge circuit
with two capacitors'opposed to each other and having
the same capacity C, and two inductances opposed td-

each other and having the same value L, the capacity C

p——-

and the wvalue L satisfying

(1/2n) JC-L = £ (where £ is a resonance fnéquency

establishing the differential mode); e
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frequency "f". That is, the frequency in the image node may be adjusted
for the respective resonator coil |oops with the 90[err] phase difference
wi thout inpairing their balance, through an adjustnment made in one

| ocation. Further, since the bridge circuit has an inpedance varying

function as noted above, the capaci- tor 63 is allowed a w.de range of
frequency adj ust nent. When t he smﬁtch1§74 is turned off,. the
capaci tor - - '

the bridge circuit of the first differential power
suppiy'circuit including two opposed connecting points
connected ta.fhe two power supply points of the one of
the resonator coil loops, respectively, and two further

" opposed connecting points connected through a transmis-
sion line to a 0° phase high frequency signal output
terminal of .the 90° phase power divider; and

the bridge circuit of the second differential
power supply circuit including two opposed connecting
points Egnnected to the two power supply points of the
other resonator coil loop, respectively,- and two
further opposed connecting points connected through a
transmission line to-a g0° pha;e high frequency signal
output terminal of thg 90° phase power divider.

With the fifst and second differential power
supply circuits having the above construction, power is
supplied to the two power supply points of gach resona-
tor coil loop in a forcibly inverted p?gse condition at
the resonance frequen;y establishing the differential
mode. As a result, the differentiai mode fesonance

‘currents in phase are canceled.

Preferably, the capacity C and the indﬁctance L

satisfy
L/C = Zo-2Zi .

where Zo is impedance of the orthogonal RF-cgil, and 2i
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2¥ 364 and inductance 373 forma series resonance circuit. This series
resonance circuit may have | ow i npedance for frequency "fo" in the imaging
nmode. Then, the currents at points A (or B) and C (or-D) are substan-
titally in phase, whereby the resonator coil loops |argely deviate froma
resonant condition. This results in an enhanced effect of Wecoupling with

respect to-other RF coils nounted in the sarig MRl ° apparatus. .

is impedance of the transmission line leading to the

950° ﬁhase power divider. With such value setting, no . .
capacitors are required for impedance matching of the

RF coil. |

Further, at least ‘one of the capacitors included
in the bridge circuit, preferably, is a variable
capacitor. The differential mode currents may be
eliminated with increased precision through fine
adjustment of the capacity of the variable capacitor.

Ic is preferred that each of the first and second
differential power supply circuits further includes:

a parallel resonance circuit with a different
capacitortand a different inductance, the parallel
resonance circuit having the same resonance frequency
as a resonance frequency establishing the g}fferential
mode, and having a switch connected in series to the
different capacitor; and |

a different variable capacitor connected in series
to the parallel resonance c1rcu1t- '

one end of the parallel resonance circuit being
connected along with one of the connecting points of
the bridge -circuit to one of the power supply points of
the one of the resonator coil loops, ;;E one.end of the

different variable capacitor being connected along-with

the other connecting point of the bridge cirguit to the

Thie is the replacement sheet
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Sécond Enbodi nent As shown in Fig. 8, an orthogonal RF coil in a
second enbodi nent of this invention has 12 linear conductors 411-422
extending parallel to a cylinder axis. and arranged equidistantly
circunferentially of the cylinder. Specifically, the linear conductors
411-422 are arranged at intervals of 30[err] circunferen- tially of the
cylinder. The linear conductors 411-422 ®4e connected at upper ends
thereof to one ring-shaped conductor 481 through capacitors 431-442,

respectively. The lower ends of |inear conductors 411-422 are joined
other power supply point of the one of the resonator

poilllppps.

The above switch is turned on when the RF coil is
driven. As a result, the parallel resonance circuit
becomes a high impedance state at the resonance fre-
guency in the differential mode. This state of the |
parallel resonance circuit is equivalent to a discon-
nected state, whereby the above bridge circuit alone is
operative. At the frequency "fo" in the image mode,
the bridge circuit and parallel resonance circuit are a
constant.having a certain value, which may be consid-
ered equivalent to the impedance of each resonator coil
loop to which this constant is added. Consequently,.by
‘adjusting the variable capacitor connected to the
parallel resonance circuit, only frequency "fo" may be
adjusted without influencing frequency "f"Tm The switch
is turned off when the RF coil is not operated. Then,
the frequency of the resonator coil loops méy be varied

to a great extent, to enhance an effecE'of decoupling

with respect to other RF coils.

BRIEF DESCRIPTION OF THE DRAWINGS

Eet——

For the purpose of illustrating. the invéntion,
there are shown in the drawings several forms which are
presently preferred, it being understood,“howgyer, that

_ This is e replacemient sheet
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te formgroups of three each and connected to the other ring-shaped
conductor 482 through capacitors 451-454. . These groups are connected to
the ring-shaped conductor 482 at intervals of 90[err]:. The upper and | ower

ring- shaped conductors 481 and 482 include capacitors i
22 . . ) .~
o 15 ]

the invention is not limited to the precise arrange-
ments and instrumentalities shown.

Fig. 1-s a schematic view of an orthogonal RF
coil known in the art;

Fig. 2A is a view showing a current distribution
in an imaging mode according to the prior art;

Fig. 2B .is a view showing a current distributionb
in a differential mode according to the prior art;

Fig. 3 is a schematic view of a birdcage coil
known in the art;

Fig. 4 is a view showing a current distribution in
the birdcage coil;

Fig. 5 is a schematic VieQ of a distributed cosine
coil known in the art;

Fig. 6 is a schematic view of an orthogonal RF
coil in a first embodiment of this invention;

fig. 7 is a-diagram showing a differential power
supply circuit in the first embodimentjh-

Fig. 8:is a schematic.view of an orthogonal RF
coil in a second embodiment of this invention;

Fig. 9 is a view showing a current distribution in
the second embodiment; and —_—- )

Fig. 10 is a diagram showing a power supply

circuit in the second embodiment.
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461- 468 arranged between adj acent groups of three ~ linear conductors each,
respectively. These capacitors 461-468 .are provided for cutting currents
gui ded to the ring-shaped conductors 481 and 482 by gradi ent magnetic
frelds, and have a sufficient size for the resonance capacity. The
nunber of |inear conductors with the lower ends joined to Torm each group
is not limted to three, but may be anyjgesired plural nunber”-kbmeyer, an
odd nunber is desirable to facilitate adjustment of the orthogonality of

magnetic fields. The RF coil may have
' DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

‘Preferred embodiments of this invention will be
described in—éetail hereinafter with reference to the
drawings.

First Embodiment

As shown in Fig. 6, an ofthogonal RF coil in a
first embodiment of this invention has four linear
conductors 311-314 extending parallel to a cylinder
axis and arranged equidistantly at intervals of 90°
circumfe;gntially.of the cylinder. Each of the linear
conductors 311-314 is connected at one end thereof to a
ring-shaped conductor 315 through a capacitor 331, 332,
333 or 334, and at the other eﬁd to a ring-shaped
conductor 316 through a capacitor 335, 336, 337 or 338. -
The ring-shaped conductors 315 and 316 include capaci-
tors 321-324 and 325-328 arranged in series, respec-
tively.

The fihear condﬁctors 311 and 313,ﬁrihg—shaped
conductors 315 and 316, ana capacitors 331, 333, 335
and 337 form one reson#tor coil loop, while the linear
conductors 312 and 314, ring-shaped conductors 515 and
316, and capacitors 332, 334, 336 and 338-form the
other resonator coil loop.

The linear conductoré_311-314 and ring-sﬁaped -

conductors 315 and 316 are formed of copper sheet or

Thie is the replacement sheet

Egue: & 9 SEP EEG



a Size selected according to the size of a subject for imaging. For
phot ogr aphi ng heads, for exanple, the RF .coil should be 30cm|ong and 28cm
in dianmeter. . . In order to generate uniformmagnetic fields with this
RF coil, the 12 linear conductors 411-422 are caused, in a resonant
condition, to generate a current distribution as shown in Fig. 9,
according to the respective angular-poshyions [err] circunferentially of
the cylinder. In Fig. 9, currents flowng upward in Fig. 8 are regarded
as positive. In the resonant condition, the currents supplied fromthe
capacitors 4tcbppet pdping, for example. The linear conductors

'31;—314 have a length, and the ring-shapgg conductors
315 and 316 have a diameter, suitably“seiécted accord-
ing to the size of a subject for imaging.

The capacitors-32l-328.are provided for shielding
direct current components mainly-due.to gradient field
coupling, and have a relatively large capacity (e.g.
several thousand to 10,000pF). The resonance frequency
of each resonator coil loop is adjusted mainly by the
capacitors_331-338. Thg capacitors 331-338 have a
relatively small capacity {(e.g. several ten to several
hundred pF). The groups of four qapacitors 321-324,
325-328, 331-334 and 335-338 have substantially the
same capacity. Each capacitor comprises a ceramic

capacitor, for example, which involves only a small

——

high frequency loss.

‘The ring-shaped conductors 315 and 316 are not
limited to a circular shape, but may be formedielliptic
as desired..'Further, it is not absolutel§-necessary to
arrange the linear conductors 311-314 equidistantly at
the intervals of 900, but may be arranged at irregular

intervals. In this case, the capacities of the respec-

nayamom—

tive capacitors 331-338 may be adjusted so that the
respective resonator coil loops may generate magggtic“

fields orthogonal to each other.

fhis is ﬂ'\é _repiaeemom shoet
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*1he respective groups of three linear conductors 411-422 each have 90

phase shifts according to the positions of the groups.
23 In each group of three |inear conductors with the | ower ends

"j oi ned together it is adequate to obtain o

18 -

The foregoing construction is basically the same
as Ehe.first known example shown in Fig. 1. The
characterizing feature of this embodiment resides in
that power is supplied at four points A, B, C and D of
connection between the four linear conductors 311-314
and one ring-shaped conductor 315. Specifically, a
differentialJpower supply circuit 352 ie connected to
point A and point C, and a differential power supply
circuit 353 to point B and point D. As a result, point
A and point C have a 180° phase difference there-tween,
while point B and point D alsc have a 180° phase
difference therebetween. The ;WO differential power

~ supply circuits 352 and 353 receive power in 90° phase
difference from a 90° phase power divider 351.

Each of these differential power supply- circuits
352 and 353 has a construction as shown in Fig. 7. In
Fig. 7, capacitors 361 and 362 and iﬁductances 371 and
372 form a bridge circuit, with two opposite points 381
and 382 connected to poinfﬂk (B) and point C (D) of the
RF coil, respectively, and two other opposite points
383 and 384 comnnected to a transmission line leading to
the 90° phase power divider 351. Normally, the capaci-
tors 361 and 362 have the same capacity C, and the
inductances 371 and.372 also have the same valué L,

which satisfy the following equation:

o _Thrs s mc replacemert sheet
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cdrrent intensities corresponding to angles of spati al positions of the
| i near conductors. Taking |inear conductors 411, 412 and 413, for
exanpl e, the currents fl owi ng therethrough are deterni ned by-the

i "pedance due to the linear conductors per se and the capacitors
connected thereto. That is, the currents are deter- mned_by the

i npedance due to the |inear conductor 41%9 and capacitor 431, by the

i npedance due to the |inear conductor 412 and capacitor 432, and by the
i npedance due to t?' hine ndyctor 413 and capacitor 433. In an RF
coil of a size for o E{ E?y s ,'a%cuate portions

where f is a resonance frequency in a differential
.mode.._The gggye values also.satisfy the following
equation: | |
L/C = Zo-Zi
where Zo is the impedance of the RF goil, aqd Zi is the
impedance of the transmission line leading to the 90°
phase power divider 351. This feature dispenses with

impedance matching capacitors as used in the conven-

tional RF coil.

Wiga this éonstruction, point A and point C may
receive RF currents in 180° phase inversion at fregquen-
cy "f" above, and so may point B and D, thereby cancel-
ing the differential mode currents shown in Fig. 2B
(i.e. in-phase currents at points A and C, and in-phase
currents at points B and D). 'This exclude;ﬂﬁhe influ-
ences on the currents in the imaging mode to enhénce
the orthoéonality of RF magnetic fields in the imaging
mode. To eliminate the differential mode currents with
greater asSurance, the capacitor 361 or 362 may be
given a fine-adjustable capacity.

As shown in Fig. 7, each of the dif:erential power
supply circuits 352 and 353 further fﬁEihdes’Variable

- capacitors 363 and 364, an.inductance 373 and a sw;tch
374. The capacitor 364 has a capacity Ca, agé?the

Thie is the raplacsment shaet
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are far shorter than the linear conductors 411, 412 and 413. Thus, the
i npedance of the mddle |inear conduc-- tor 412 may be regarded as
supstantially the same as t he i npedance of the opposite side |inear
conductors 411 and 413. The currents through the three linear
conductors 411-413 may therefore-be determined only by t he capacitors
431-433. The capacitors 431-433 may b€ agpusted so that currents flow
t hrough t he -side |i-near conductors 411 and 413-in a-—quantity
corresponding to cos 30[err] of the quantity of current flow ng through
the nmiddle |idesiuctembect3oi3 4Es a value La, which satisfy the
following equation:
(1/2n) JCa-La =
When the switch 374 is turned on to cancel the differ-
ential mode, a parallel resonance circuit formed by the
capacitor 364 and inductance 373 becomes a high imped-
ance state at the resonance frequency "f" in the
differential mode. This state of the parallel reso-
nance circuit is equivalent to a disconnected state,
whereby the above bridge circuit alone is operative.
Assuming that the frequency in the image mode is "foV,
the bridge circuit and parallel resonance circuit are a
constant having a certain value} which may be consid-

ered equivalent to the capacitors 331 and 333 or

capacitors 332 and 334 to which this constant is added.

——

" Consequently, with the capacitor 363 adapted variable,
only frequeney "fol may be adjusted without influencing
frequency "fﬁ That is, the frequency in the 1mage
mode may be adjusted for the respectlve resonator coil
loops with the 90 phase dlfference without 1mpa1r1ng
their balance, through an adjustment made in one
location. Further, since the bridge circuit has an
impedance varying functlon as noted aﬁz;e, the capac1-

tor 63 is allowed a wide range of frequency adjustment.

When the switch 374 is turned off, the Qapac1tor

;{hia .Iis' the repl_aeemom shoot
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THis applies to the other groups of three.linear
24 conductors. Thus, the capacitors 431, 434, 437 and 440 may be

equal i zed, and so are the capacitors 432, 435, 438 and 441 and the
capacitors 433, 436, 439 and 442. The 12 linear conductors 411-422 are

arranged equi di s- -
. . 21 I

364 and inductance 373 form a series resonance circuit.
This ée:ies resonance circuit may have low impedance
for frequency "fo" ih the imaging mode. Then, the
currents at points A {(or B) and C (or D) are substan-
tially in phase, whereby the resonator coil loops
largely deviate from a resonant condition. This
results in an enhanced effect of decoupling with
respect to other RF coils mounted in the same MRI

apparatus.

Second Embodiment

As shown in Fig. 8, an orthogonal RF coil in a
second embodiment of.this.invention has 12 linear
conductors 411-422 extending parallel to a cylinder
axis and arranged equidistantly ciicumferentially of
the cylinder. Specifically, the linear conductors
411—422 are arranged at intervals of 30° cizéumferen—
tially of the cylinder. The linear conductors 411-422
are connected'ét upper ends thereof to one ring-shaped
conductor 481 through capacitors 431—442, respectively.
The lower ends of linear conductors 411-422 are joined
to form grdups of three each and connected to the other
ring-shaped. conductor 482 through capacitors 451-454.
These groups aré connected to the rinatgﬁaped conductor
482 at intervals of 90°. .The upper and lower ring-

shaped conductors 481 and 482 include capq;i;grs
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tantly at intervals of 30[err] circunferentially of the cylinder as noted
above. This arrangenent is adopted I'n order to attain a nmaxi num
uniformty of magnetic fields. Wth such an equi di stant arrangenent, the
capacitors 431, 433, 434, 436, 437, 439, 440 and 442 nmay be equali zed.
Wil e the respective capacitors may be adjusted to suitable values as

not ed above, the f6l 1 owi ng val ues are selgegted in this enbodi ment. The
capacitors 451-354 are set to about 100pF, € capaci-- tors 432, 435, 438
and 441 to about 120pf,.the capaci - tors 431, 433, 434, 436, 437, 439,
440 and 442 to4#lle468 arranged between adjacent groups of three

linear conductors each, respectively. These capacitors
461-468. are provided for cutting currents guided to the
ring-shaped conductors 481 and 482 by gradient magnetic
fields, and'have a sufficient size for the resonance
capacity.

The number of linear conductors with the lower
ends joined to form each group is not iimited to three,
but may be any desired plural number. However, an odd
number is desirable to facilitate adjustment of the
orthogonality of magnetic fields. The RF coil may have
a size selected according to the size of a subject for
imaging. For photographing heaas, for example, the RF
coil should be 30cm long and 28cm in diameter.

In order to generate uniform magnetic_ﬁ}elds with
this RF coil, the 12 linear conductors 411-422 are
caused, in a resonant condition, to generate a current
distribution as shown in Fig. 9, accofding te the
respective angular positions 8 circumfegenfially of the
cylinder. 1In Fié. 9, currents flowing upward in Fig. 8
are regarded as positive. In the resonant cendition,
the currents supplied from the eapacitor§.451—454 to
the respective groups of three linear conducters

411-422 each have 90° phase shifts according_tg the

positions of the groups. s
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8OpF, and the capacitors 461-468 to about 10, 000pF. The current
distribution may be adjusted by adjusting the capacitors 431-442, thereby
to generate uniform orthogonal magnetic fields. Thus, -frequency

adj ustment may be effected through adjustnment of capacitors 451-454

wi thout inpairing the uniformty of magnetic fields. - The pair of
capacitors 451 and 453 and.the pair of capacitors 452 and 454 supply RF
currents of 90[err] phase difference to p@J8ttions between the |inear

conductors
In each group of three linear conductors with the

lower ends joined together, it is adequate to obtain
current- intemsdities corresponding to angles of spatial
positions of the linear conductors. Taking linear
conductors 411, 412 and 413, for example, the currénts
flowing therethrough are determined by the impedance
dﬁe to the linear conductors per se and the capaéitors
connected thereto. That is, the currents are deter-
mined by the impedance due to the linear conductor 411
and capagitor 431, by the impedance due to the linear
conductor 412 and capacitor 432, and by the impedance
due to the linear conductor 413.and capacitor 433. In .
an RF coil of a size for ordinafy use, arcuate portions
are far shorter than the linear conductors 411, 412 and
'413. Thus, the impedance of the middle linear conduc-
tor 412 may be regarded as substantially the same as
the impedance of the opposite side linear copductors
411 and 413. The currents through therthree-linear
conductors 411-413 may therefore be determined only by—
the capacitors 431-433. The capacitors 431-433 may be
adjusted so thét currents flow through the side linear
conductors 411 and 413 in a quantify EEE;espopding to
cos 30° of the quantity of current flowing through the

middle linear éonductor 412. -

This applies to the other groups of three:linear
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25- and the ring-shaped conductor 482. In this enbodinent, as shown in
Fig. 10, power is forcibly supplied in 180[err] inversion to-the capacitor
451 and capacitor 453 through a bridge circuit forned by capacitors 471,
472 and 473 and i nductances 474 and 475 connected to a power supply point
476 (which is connected to the 90[err] phase power divider—_described in

the first enbodi nent). 24

conductors. Thus, the capacitors.431, 434, 437 and 440
may be equalized, and so are the capacitors 432, 435,
438 and 441 and the capacitors 433, 436, 439 and 442.
The 12 linear conductors 411-422 are arranged equidis-
tantly at intervals of 30° circumferentially of the
cyllnder as noted above. This arrangement is adopted
in order to attain a maximum uniformity of magnetic
fields. - With such an equidistant arrangement, the
capacitors 431, 433, 434, 436, 437, 439, 440 and 442
may be equalized. While the respective capacitors may
be adjﬁsted to suitable values as noted above, the
following values are selected in this embodiment. The
capaciters 451-354 are set to about 100pF, the capaci-
tors 432, 435, 438 and 441 to about 120pf,. the capaci-
tors 431, 433, 434, 436, 437, 439,_440 and_£§2 to about
-80pF, and the capacitors 461-468 to about 10,000pF.

The current distribution may be adjusted by
adjusting the capacitors 431-442, thereby to.generate
uniform orthogonal magnetic fields. Taas, frequency
adjustment may be effected through adjustment of

capacitors 451-454 without impairing the uniformity of

‘magnetic fields. )

n———

The pair of capacitors 451 and 453 and the pair of

capacitors 452 and 454 supply RF currents of-ggo phase

difference to positions between the linear. conductors
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(Though not shown, a simlar bridge circuit is connect- ed to the
capacitors 452 and 454.) Wth this type of differential power supply
circuit, frequency adjustnent of the RF coil may be effected by adjusting

t he capaci -

tor 471 connected centrally of .the bridge circuit. Since the

adj ust ment of only one capaci for 471'is  adegate, it is unnecessary to
bal ance the capacitors 451 and 453 when varying these capacitors 4-5-1 and
453 for frequency adjustment. That is, the capacitors 451 and 453 may be

bal anced only qpee + RN LRRIGHER] FHductdie aracifpreid emyodiment|ed.

as shown in Fig. 10, power is forcibly supplied in 180°
inversion to—the capacitor 451 and capacitor 453
through a bridge circuit formed by capacitors 471, 472
and 473 and inductances'474 and 475 connected to a
power supply point 476 (which is connected to the 90°
phase power divider described in the first embodiment).
(Though not shown, a similar bridge circuit is connect-
ed to the capécitors 452 and 454.) With this type of
differential power supply circuit, frequency adjustment
of the RF coil may be effected by adjusting the capaci-
tor 471 connected centrally of the bridge circuit.
Since the adjustment of only one capacitor 471 is
adequate, it is unnecessary to balance the capacitors
451 and 453 when varying these capacitors 451 and 453
for frequency adjustment. That is, the capacitors 451
and 453 may be balanced only once, and thereafter only
the capacitor 471 may be varied.

When the linear conductérs 411—452'55; érranged in
inaccurate positions to form asymmetry and impair the
orthogonality of magnetic fields due to manufacturing
errors or the like, linearity may be secured with ease

by adjusting the capacitors 461-464 included in the

‘ring-shaped conductor 481. In this case, however, -

adjustment of capacitors.451-454 may resulﬁ 1 the
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vﬁén,the l'inear conductors 411-422 are arranged in ‘inaccurate positions to
formasynmetry and inpair the orthogonality of nagnetic fields due to

manuf acturing errors or the like, linearity may be secured with ease by
ri ng- shaped conduct or

adj usting the capacitors 461-464 included in the
481. In this case, however, adjustnment of capacitors 451-454 nay result‘
in the - oo 26 o

orthogonality being lost and the uniformity of magnetic
fieldé'deviating from what is ideal.

The device for supplying power to the orthogonal
RF coil in the second embodiment is not limited to the
construction shown in Fig. 10, but may employ the
differential.pbwer supply circuit described in the
first embodiment with reference £o Fig. 7. With such a
device, the undesirable differential mode currents may
be canceled effectively in the orthogonal RF coil in
the secogd embodiment as well.

The number and positional relationship of the
linear conductors in the described embodiments are only
by way of example,. and should nbt be construed to be
limitative.

The present invention may be embodied_ip other
specific forms without departing from the spirit or
esSentiai attributes thereof and, accordingly, refer-
ence should be made to the appended-claims,.rather than

to the foregoing specification, as indicating the scope

of the invention.

Tﬁis is the replacement sheet

Date: .. 9 SEP 1336



26 orthogonality being lost and the uniformty of magnetic fields
deviating fromwhat is ideal: - . The device for supplying power to the
or t hogonal RF coil in the second enbodinent is not limted to the
construction shown in Fig. 10, but may enploy the di fferential power

supply circuit
7. Wth such a

device, the undesir.able differential notHs
be cancel ed effectively in the orthogonal RF2¢oil in I l I

~described in the first enbodinment with reference to F

What is claimed is:

1. An orthogopal RF coil.for use in an MRI apparatus,
comprising:

two resonator coil loops arranged_to have sensi-
tivity directions orthogonal to each other, each of
sald resonator, coil loops having two power supply
points; ahd

power supply means fbr supplying power so as to
provide.§u90° RF phase difference between the two power
supply points 6f one of said resonator coil loops and
the two power supply points of the other resonator coil
loop, and“a 180° RE phase difference between the two

power supply points of each of said resonator coil

.loops at a frequency establishing a differential mode.

—~—_

2. An orthogonal RF coil as defined in claim 1,

. wherein said two resonator coil loops are formed by:

four linear conductors extending éérﬁllel to one
another and arranged at substantiaily 90° intervals in
a circumferential direction; and .

two ring-shaped conductors to which opposite ends

“noym——

of said linear conductors are connected through first
capacitors, respectively;

said power supply points being disposed at .

This is-th
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t Re second enbodi nent as wel | . The nunmber and positional relationship
of the [linear conductors in the descr.ibed enbodinents are only by way of

exanpl e, and shoul d not be construed to be limtative. Tmsggﬂw&sg&g hmd
i nvention may be enbodied in other specific forns w thout
the spirit or - essential attributes thereof and, accordingl
shoul d be nade to the appended clains, rather tham to the ,
speci fication, as indicating the scope of 28he i nventi_on.

connections where said linear conductors are connected
through said first capacitors to one of said ring-
shaped conduetors, an opposed pair of said power supply
points receiVing power of 180° RF phase difference

therebetween.‘

3. An orthogenal RF coil as defined in claim 2,
wherein said two ring-shaped conductors include second
capacitors arranged between said connections to which

said linear conductors are connected, respectively. i

4. An orthogonal RF coil as defined in claim 1,
wherein said two resonator coililoops are formed by:

four x n (n being an integer 2 or more) linear
conductors extending parallel to one another and
arranged in a circumferential direction, said linear
conductors being joined together at one ends thereof to
form four groups of n lineer conductors.each, said
gfoups being arranged at substantialiy 90° intervals;.

a first ring-shaped conductor to which the other
ends of said linear conductors are connected through
first capacitors, respectively; and —- )

a second ring-shaped conductor to which said

groups of said linear conductors joined together at

said one ends are connected through seCondvcapacitors,

.
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27 _ _ "~ CLAIMS 1. An orthogonal RF
coil for use in an MR apparatus, conprising: two resonat or coi

I

| gops arranged to have sensitivity directions orthogonal t+e—each—other;

di fference between the two power supply points of one of sa
coil loops and the two power supply pointsgf-the other r

each of said resonator coil |oops having two power supply .pai .
power supply means for supplying power so as to provide a@mﬁ;ﬁ?&mﬂi‘m
- IR

| oop, and a 180[err] RF phase difference between the two power supply

poi nts of each L0k « pator coil |oops at a frequency
differentiallnﬁéfﬁééﬁiﬁp r- supply neans incl udi ng

establishing a
a 90[err] phase

power divider for(ngégatﬂdwéfvghﬁgfylﬁéfﬁggngggﬁég@ﬂgéogéaiag 8offec-

tions where said groups of said linear conductors are

connected through said second capacitors to said second

ring-shaped conductor, an opposed pair of said power

supply points receiving power of 180° RF phase differ-

ence therebetween.

5. An orthogonal RF coil as defined in claim 4,

wherein said first and second ring-shaped conductors

include third capacitors arranged between said connec-

tions to which said linear conductors are connected,

respectively.

6. An orthogonal RF coil as defined in claim 4,

——_

wherein each of said groups includes an odd number of

said linear conductors.

7. An orthogonal RF coil as defined in claim 6,

wherein each of said groups includes three linear

conductors, said linear conductors being arranged at

30° angles in said circumferential direction.

—— -

8. An orthogonal RF coil as defined in claim 1,

wherein said power supply means includes:

W T
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pﬁasé di fference therebetween; a first differentL?L_EQEEL_ggppLy___~

circuit for receiving a 0 phase high frequency signal omsaid 90[err]

phase power divider, and generating a O[err] phase high im@gﬁamhwr Tﬂ
nd

and 180[err] phase high frequency signal, said first diff
supply circuit outputting said O phase high frequency si

sai d power supply points of one of .said res Bator coil lo
out putting said 180[err] phase high frequencg.signal to the other power
supply point of said one of said resonator coil |oops; and a second

differential pover sypghy dg%ggpir%o&é’f dEOEIYL "EoP 8{3%@{1&1;18961%%0%3650[ errl

frequency signal from sai Se power” drvider, generating a

phase high fre Ye 54 s sg $h9hohsegugng¥esibaBal thagkd
second differ eﬂf?g?y%lgtgpﬂé%ppl y%%%uk?fo%t ptr}tjti ng ‘sai de90[ err] phase high

frequency si gnapetweerne of _said power supply points of the other resonator
coil loop, and outputting sard 270[ err] phase high frequency signal to the

other power supply pifirof Siffbddteial gsenat ogupPpPly. cizcuifAnfoert hogona
RF coil as defined in claiml, wherein said two resonator coil |oops are
formed by: receiving a,Oo'phase high frequency signal from said

90° phase power divider, and generating a 0° phase high
frequency signal and '180° phase high frequency signal,
said first differential power supply circuit outputting
said 0° phase high frequency signal to one of said

power sEpply points of_one of said resonator coil

loops, and outputting said 180° phase high frequency
signal to the other power supply point of said one of
said resonator coil loops; and ..

| a second differential power supply circuit_for

receiving a_909 phase high frequency signaiﬁfrom said

90° phase power divider, and generating a 90° phase

high frequency signal and 270° phase high frequency
signal, said second differential power suppiy circuit
.outputting said 90° phase high frequené& signal to one

of said power supply points of the other resonator coil
loop, and outputting said 270° phase high frequency
signal to the other power supply point of said other

Setpm— -

resonator coil loop.

9. An drthogonal RF coil as defined in'claiy,s,

N A '
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fOur |inear conductors extending parallel to one another and arranged at

substantially 90[err] intervals in a circunferentia

28 two ring-shaped conductors to which opposi te ends or;;@s ' m%eglrm laced
res ﬁﬁ

conductors are

sai d power supply points being di sposed at connections wh
conductors are connected through-said firstafapacitors to

connected through first capacitors,

I

ri ng-shaped conductors. 3. An orthogonal”™ R~ coil as.defined in claim 2,
wherein said two ring-shaped conductors include second capacitors arranged

bet ween sai d CO%F&QJ’QP%&& ‘Qﬁ‘ céhi%"ifiirst and second differential

powef supply circuits includes a bridge circuit with
two capacitors opposed to each other and having the
same capacity C, and two inductances opposéd to each
other and having the same value L, said capacity C and
said value L satisfying

(1/2n) . J/C-L = f (where f is a resonance frequency
establishing said differential mode);

said bridge circuit of said first differential
power supply circuit including two opposed connecting
points connected to the two power supply points of said
one of said resonator coil loops, respectively, and two
furthér opposed conneéting poihts connectéd through a
transmission line to a 0° phase high frequency signal
output terminal of said 90° phase power d%z;der; and

said bridge circuit of said second diffarential
power supply circuit including two qpposea connecting
points connected to the two power supply points of said
dthef resonator coil loop, respectiveif, and two

further opposed connecting points connected through a

_transmission line to a 90° phase high frequency signal

output terminal of said 90° phase power divider.
10. An orthogonal RF coil as defined in claim 9,

wherein said capacity C and said inductance L satisfy

/ ' . “Thig is.the replacement sheet
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| fnear conductors are connected, respectively. 4. An orthogonal RF coi

as defined in claim1, wherein said tw resonator coil |eeps—are forned

by: four x n (n being an integer 2 or nore) |inear onduct or s R
extending parallel to one another and arranged in a circu Eﬂ S@em'ﬂiird
of

direction, said |inear conductors being joined together at
to formfour groups of a linear conductors §§Ch’ sai d group

arranged at substantially 90[err] intervalsy“-  a first ring-shaped
conductor to which the other end of said |linear conductors are connected
through first capagi/goesggl.egpectively; and a second ring-shaped

conductor to which said groups of said |inear conductors 'joined.together
at said one epHe2kez60RBEGhpedhhEAUSE £8¢aNANCBPRALEBNAL RESRRANI Vely;

and Zi is impedance of the transmission line leading to

said 90° phase power divider.

11. An orthogonal RF coil as defined in claim 9,
wherein at least one of said capacitors included in

said bridge circuit is a variable capacitor.

12. An orthogonal RF coil as defined in claim 9,
wherein each of-said first and second differential
power supply circuits further includes:

a parallel resonance circuit with a different
capacitor and a different inductance, said parallel
resonance circuit having the same resonance frequency
as a resonance frequency establishing said differential
mode, and having a switch connected in series to said
different capacitor; and .

a different variable capacitor connected in series

" to said parallel resonance circuit;

one end of said parallel resonance circuit being

connected along with one of said connecting points of

— -

said bridge circuit to one of said power supply points
of said one of said resonator coil loops, and 6n§ end

of said different variable capacitor being connected

PR
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-

gai d power supply points being disposed at connections where said groups of
gaid |inear conductors are connected through said secondTapacitors to said
second ring- shaped conductor. 5. An orthogonal RF coil ﬁﬁsqgﬂﬂgqedmmed

Claim4, wherein said first and second ring- shaped conduc
third capacitors arranged between said connectlons to whi chummm M!
conductors are connected, respectively. . An orthogonal

defined in claim4, wher ei n each of sai 8 groups.includes an odd number of
-said linear- conductors,

7. An orthogonal RF coil as defined in claim®6, wherein each of said
groups incl ude@ opﬁryéthlﬁ@&r°@8§§u€9§9§0t§§9dppﬂﬁ§ap fe sadek RIdIRi ng

arranged at 30 angles in said
g cgrgugt to the other power supply point of said one of

29

said resonates coil loops.

13. An orthogonal RF coil as defined in claim 8,
wherein each of said first and second differential
power supply’circuits includes é bridge circuit with
two capacitors opposed to each other and having the
same capacity, and two inductances opposed to each
~other and having the same value;
said bridge circuit of said first differential
power supply circuit including ;wo opposed connecting
points connected to the two power supply points of said
one of 'said resonator coil loops, respectively, and two
further opposed connecting points connected-—through a
transmission line to a 0° phase high frequency signal
| output terminal of said 90° phase power divider;'and
said bridge circuit of said second differential
power- supply circuit including two opposed connecting
pdints connected to the two power supply points of said
other resonator coil loop, respectively, and two
further opposed connecting points connected through a
transmission line to a 90° phase high frequency signal

output terminal of said 90° phase power dividexr.

This is-the rep\aoemgn’t sheet
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crcunferential direction. 8. An ofthdgonal RF coil as defined in claim
1, wherein each of said first and second differential power supply
cgrcuits includes a bridge circuit with two capacitors.opposed to each
ot her and having the sane capacity C, and two inductances opposed to each
other and having the same value L, said capacity C and said value L

sati sfying [err] [err] CL =f (m@&ie f"is a resonance frequency -
establishing said differential node); sai d bridge circuit of said
first differential power supply circuit including two opposed connecting -

i nt t t he t f d .of id
Posonator cor 1§ sopshtretPReBPiEL, RHORGY 1085 BRERRRRS o ela i Zi:ung ~
) t t
-F?LSUZnES”QFSne%%%?%‘ét‘g%&nﬁaa&é%“féiiras?ﬁl‘cbgfe?ﬁfﬁpﬁ%”rhsv&?ff%.tvﬁ and

second diffexential power supply circuits includes a

variable capacitor connected between said connecting

points connected to said power supply points of one of

said resonator coil loops.
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said bridge circuit of said second differential power supply circuit _

I ncl udi ng two opposed connecting points connected to the two power supply
poi nts of said other resonator coil-1oop, respectively, and two further
opposed connecting points connected through a transmssion line to a
90[err] phase high frequency signal outpgs term nal” of said. 90[err]; phase
power divider. 9. An orthogonal RF coil as defined in claim8, wherein
said capacity C of said two capacitors and said i nduct-ance L of said two

i nductors are selected to tisfy [ C=2Q. 7| re Zo is

| npedance of the orthomgﬁw&@iﬁ@mgéﬁ&ﬁﬁggmmg t he
transm ssion line leading to said 90[err] phase power divider. 10, An
orthogonal RF coil as defined in claim8, wherein at |east one of said

capaci t or ABSTRACT

An orthogonal RF (radio frequency) coil for use in an MRI (Magnetic
Resonance Imaging) apparatus includes two resonator coil loops arranged to have seﬁsitivity
directions orthogonal to each other, each of the resonator coil loops having two power
supply points (A,B,C,D); and power supply circuits (352,353) for supplying power so és_to
provide a 90° RF phase difference between the two power .supply points (A,B) of one of the
resonator coil ldops and the two power supply points (B,D) of the other resonator coil loop,
and a 180° RF phase difference between the two power supply points of each of the
resonator coil loops at a frequency establishing a differential mode. The RF phase
difference between the two power supply points of each resonator coil loop is forcibly
inverted at the frequency establishing the differential mode. This cancels in-phase resonance

currents of the differential mode, to enhance the orthogonality of RF magpetic fields.

Fig. 6
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included in said bridge.circuit is a variable capacitor. 11. An orthogonal
RF coil as defined in claim8, wherein each of said first.and-second
di:-fferential power supply circuits further. includes: .

30 a parallel resonance circuit with a different- capacitor and a
different inductance, said parallel resonance circuit having the sane
resonance frequency as a-resonance frequency establishing said

- differential node, .and having a switc¢h connected in.sefies to -said :

. different capacitor; .and : a differgr8 vari abl € capacitor. connected in
series to said paral¥el resonance circuit; " one end of said paralle
resonance circuit being connected along with one of said

Fig.1-~ PRIOR ART
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90 phase power divider
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connecting points of said bridge circuit to one of said power supply points
of said one of said resonator coil |oops, and one end of said different
vari abl e capacitor being connected along with the other connecting point
of said bridge circuit to the other power supply point" of said one of said
resonator coil loops. 12. An orthogonal RF coil as defined in claim8§,
wherein said bridge circuit of each of said first and second differenti al
power supply circuits includes a vari'abl e capacitor . connected.between said
connecting points connécted to said .power supply points of onhe -of said
resonator coil |oopsz:: = 2/8

- —e—

Fig. 2A PRIOR ART.
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31 = wherein each of said first and second differential power supply
circuits includes a bridge circuit with two capacitors opposed to each
ot-her and having the same capacity C, and two inductances opposed to each
other and having the_sane value L, said capacity C and said value L '
sati sfying . (1/2[err]) [err] =1f (where f is a resonance frequency
establishing said differentiat node); 3/8 ' :

.+ . Fig.3 - PRIOR ART
181
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said bridge circuit of said first differential power supply circuit

i ncl udi ng two opposed connecting points connected to the two power supply
points of said one of said resonator coil |oops, respectively, and two
further opposed connecting points connected through a transmssion line to
a O[err] phase high.frequency signal output termnal of said 90[err] phase

power divider; and "-sai-d bridge cijpuit of said second differenti al
power supply circuit including two oppoS€d connecting:- points connected to
the two power supply points of said :other_resonator coil |o0p, -

respectively, and twe-= -

-Fig.5 PRIOR ART
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f urther opposed connecting points connect'ed through a transnission line to
a 90[err] phase high frequency signal output termnal of said 90[err]
phase power divider. 10. An orthogonal RF coil as defined in claim9,
wherein said capacity C and 'said inductance L satisfy

s

5[8

353

ditferential power
supply circuit

351
90° phase-power divider
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32 -  L/IC= Zo*Z where 7o is i npedance of said An orthogonal RF

coil, and Zi is inpedance of the transmssion |ine leading to sai d
90[ err] phase power divider. 11. An orthogonal RF coil as defined in
claim?9, wherein at |east one of said capacitors included in sai d
bridge circuit is a.variable capacitor. . 12. An orthogonal RF coil as

defined in-claim?9,

P

.T:,:';' - . 6/8

_ o This is the replacement sheet
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wherei n each of said first and second ‘differenti al power subply circuits
further includes: a parallel resonance circuit with a different-

. capacitor and a different inductance, said parallel resonance circuit

havi ng the sane resonance frequency as a resonance frequency establishing
- said differential mnode, and having a switch connected in series to said

~ different capacitor; and- . adifferent variable capacitor connected in
- series to said parallel resonance crrcm1ﬁ/8 ~one-end of said paralle

~ resonance circuit bei.ng

Fig.8
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connected al ong with one of said connectihg points of said bridge circuit
to one of said power supply points of said one of said resonator coi
| cops, and one end of said different variable capacitor being connected

33 _ along with the other connecting point of said bridge
L .88
Fig.9 "~
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Edl

-circuit to-the ot her power supply point of said one of
) 13. An orthogonal
each* of said first. and second differential

coi_l | oops.

a bridge circuit with
sanme capacity, and two i

S

as defi ned
power su

RF coi |

MERREOF ThE RN VER iy =

sai d ‘resonat or

in claimS8, wher ei n
pply circuits includes
h ot her and having the
ot her and having the

same val ue;Having _regaad w thei stiye of ithecart noted aba?e_d ahiabdact df tifieinventien is wower
supply rb¥ik'iah imBrdved ol ditat WEPESEfor G188 A &h 'MARI apparatus, which suppresses

undesirable non-imaging mode currents, thereby to enhance the orthogonality of RF
magnetic fields in an imaging mode.

Another object of this invention is to provide an improved orthogonal RF coil for
use in an MRI apparatus, which maintains the uniformity of magnetic ficlds with ease
even when frequency adjustment is made.

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art. '

According to one aspect of the present invention there is provided an orthogonal
RF coil for use in an MRI apparatus, compriging: two resonstor coil loops arranged to
have sensitivity directions orthogonal to each other, each of said resonator coil loops
having two power supply points; and power supply means for supplying power $o as to
provide a 90° RF phase difference between the two power supply points of one of said
resonator coil loops and the two power supply points of the other resonator coil loop,
and a 180° RF phase difference between the two power supply- points of each of said
resonator coil loops at a frequency establishing a differential mode, said. power supply
means including a 90° phase power divider for outputting two high frequency signals
having a 90° phase difference therebeiween; a first differential power supply circuit for
receiving a 0° phase high frequency signal from said 90° phase power divider, and
generating a 0° phase high frequency signal and 180° phase high frequency signal, said
firse differential power supply circuit outputting said 0° phase high frequency signal to
one of said power supply points of one of said resonator coil loops, and outputting said
180° phase high frequency signal to the other power supply point of said one of said
resonator coil loops; and a second differential power supply'circuit for receiving a 90°
phase high frequency signal from said 90° phase power divider, and generating a 90°

phase high frequency signal and 270° phase high frequency signal, said second |

differential power supply circuit outputting said 90° phase high frequency signal to one
of said power supply points of the other resonator coil loop, and outputting said 270°
phase high frequency signal to the other power supply point of said other resonator coil.
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poi nts connected to the two power supply points of said one of said
resonator coil |oops, respectively, 2and two further opposed connecting

poi nits connected-through a transmssion line to a 0 phase high frequency
signal, output term nal of said QOEFrr phase power divider; and sai d
bridge circuit of said second dif€ 8§ al power supply circuit including

two opposed copnect poi nts connected to the two, power supply points of
said ot hehn pg Wi)ﬁg(,"@illfqlﬂ}??p‘,nW&B‘séﬂﬂ%“%,mﬁ‘ﬁﬂsmﬁb further opposed

T T o R oy 2P 665 ark gl U bive SCnSIRPHEy iedibne oRfhobSnal 15 eheH 11 PM2°

other, each of said resonator coil loops having two power supply points; and

power supply means for supplying power so as to provide a 90° RF phase
difference between the two power supply points of one of said resonator coil loops and
the two power supply points of the other resonator coil loop, and a 180° RF phase
difference between the two power supply points of each of said resonator coil loops at a
frequency establishing a differentiai mode, said power supply means including

a 90° phase power divider for outputting two high frequency signals having a 90°
phase difference therebetween; '

a first differential power supply cireuit for receiving a 0° phase high frequency
signal from said 90° phase power divider, and generating a Q° phase high frequency
signal and 180° phase high frequency signal, said fir:st differential power supply circuit
outputting said 0° phase high frequency signal to one of said power supply points of one
of said resonator coil loops, and outputting said 180° phase high frequency signal to the
other power supply point of said one of said resonator coil loops; and

‘a second differential power supply circuit for feceiving a 90° phase high frequency
signal from said 90° phase power divider, and generating a 90° phase high frequency
signal and 270° phase high frequency signal, said second differential power supply
circuit outputting said 90° phase high frequency signal to one of said power supply points
of the other resonator coil loop, and oﬁtputting said 270“ phase high frequency signal to
the other power supply point of said other résonator coil.

2. Anorthogonal RF coil as defined in claim 1, wherein said two resonator coil loops

are formed by:

four linear conductors extending paraliel to one another and arranged at

substantially 90° intervals in a circumferential direction; and

R L o TRl replRosment shaet
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out put terﬁinal of said 90[err] phase power divider. -
34 14. An orthogonal RF coil as def®ned in claim 13, wherein said bridge
circuit of each of said first and second differential power supply

circuits includes. . a variable capacitor connecte ween said connectin
two ring-shaped conductors to I%v%l_ch opposite cncﬁ; ofd salff Hmear conductors are J

connected through first capacitors, respectively; -

said power supply points being disposed at connections where said linear
conductors are connected through said first capacitors to oné of said ring-shaped
conductors.
3.  An orthogonal RF coil ag defined in claim 2, wherein said two ring-shaped
conductors include second capacitors arranged between said connections to which said
linear conductors are connected, respectively.
4.  An orthogonal RF coil as defined in claim 1, wherein said two resonator coil loops
are formed by:

four x n (n being an integer 2 or more) linear conductors extending parallel to one
another and arranged in a circumfetential direction, said linear conductots being joined
together at one end thereof to form four groups of n linear conductors each, said groups
being arranged at substa.ntially;90° intervals;

a first ring-shaped conductor to which the other end of said linear conductors are

- connected through first capacitors, respectively; and

a second ring-shaped conductor {0 which said groups of said linear conductors
joined together at said one end are connected through second capacitors, respectively:

said power supply points being disposed at connections where said groups of said
linear conductors are connected through said second capacitors to said second ring-
shaped conductor.
5. . An orthogonal RF coil as defined in claim 4, Qherein said first and second ring-
shaped conductors include third capacitors arranged between. said connections to which
said linear conductors are connected, respectively.
6.  Aun orthogonal RF coil as defined in claim 4, wherein each of said groups includes

an odd number of said linear conductors,

W) 0 AR This Is the replacement sheet
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poi nts connected to sald power supply points of one of said resonator coi
| oops.

7. Anorthogonal RF coil as defined in claim 6, wherein each of said groups includes
- three linear conductors, said linear conductors being arranged at 30° angsles in said
circumferential direction. ‘
8.  Anorthogonal RF coil as defined in claim 1, wherein each of said first and second
differential power supply circuits includes a bridge cireuit with two capacitors opposed to
each other and having the same capacity C, and two inductances opposed to each other
and having the same value L, said capacity C and said value L satisfying
(tam) ¥ C.L = f (where f is a resonance frequency establishing said differential
mode);
seid bridge circuit of said first differential power supply circuit including two
opposed connecting points connected to the two power supply points of said one of said
resonator _coil loops, respectively, and two further opposed connecting points connected
through a transmission line to a 0° phase high frequency signal output terminal of said
90° phase power divider; and
said bridge circuit of said éecond differential power supply circuit including two
opposed connecting points connected to the two power supply points of said other
resonator coil loop, respectively, and two further opposed connecting points connected
through a transmission line to a 90° phase high frequency signal output terminal of said
80°; phase power divider,
9. An orthogonal RF coil as defined in claim 8, wherein said capacity C of said two
capacitors and said inductance L of said two inductors are selected to satisfy
. LIC=Z0Zi
where Zo is impedance of the orthogonal RF coil, and Zi is impedance of the
transmission {ine leading to said 90° phase power divider.
10.  An orthogonal RF coil as defined in claim 8, wherein at least one of said capacitors
included in said bridge circuit is a variable capacitor.
11, An orthogonal RF coil as fiefined in claim 8, wherein each of said first and second

differential power supply circuits further includes:

This is the replacement shest
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30

a parallel resonance circuit with a different capacitor and a different inductance,
said parallel resonance circuit having the same resonance frequency as a resonance
frequency establishing said differential mode, and having a switch connected in series to
said different capacitor; and

a different variable capacitor connected in series to said parallel resonance circuit;

one end of said parallel resonance circuit being connected along with one of said
connecting points of said bridge circuit to one of said power supply points of said one of
said- resonator coil loops, and one end of said different variable capacitor being .
connected along with the other connecting point of said bridge circuit to the other power
supply point of said one of said resonator coil leops.

12.  An orthogonal RF coil as defined in claim 8, wherein said bridge circuit of each of
said first and second differential power supply circuits includes a variable capacitor
connected between said connecting points connected to said power supply points of one

of said resonator coil loops.
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~ORTHOGONAL RF COIL FOR MRI APPARATUS

ABSTRACT

An orthogonal RF (radio frequency) coil for use in an MRI (Magnetic

~ Resonance Imaging) apparatus includes two resonator coil loops arranged to have sensitivity
directions orthogonal to each other, each of the resonator coil loops having two power
supply points (A,B,C,D); and power supply circuits (352,353) for supplying power so as to
provide a 90° RF phase difference between the two power _supply points (A,B) of one of the
resonator coil loops and the two power supply points (B,D) of the other resonator coil loop,
and a 180° RF phase difference between the two power supply points of each of the
resonator ¢oil loops at a frequency establishing a differential mode, The RF phase

~ difference between the two power supply points of each resonator coil loop is forcibly
inverted at the frequency establishing the differential mode. This cancels in-phase resonance
currents of the differential mode, to enhance the ortliogonality of RF magnetic fields,

Fig. 6
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