ORTHOGONAL RF COIL FOR MRI APPARATUS

BACKGROUND OF THE INVENTION

(1) Background of the Invention
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This invention relates to MRI (Magnetic Resonance

Imaging) apparatus, and more particularly to orthogonal

RF (radio frequency) coils for use in generating high

frequency magnetic 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 effecting 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.

ty of the two resonator coil loops refers to a 90

The drthogcﬁali-

displacement in vector direction betwéen high frequency
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(RF) magnetic fields geﬁératgd by the respective coils
in signal transmissioﬂ, and a_90°_disp1acement 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. 1In Fig:'l, four linear conductors 11-14 are
connected at opposite ends thereof td ring-shaped
conductors 15 énd 16 through capacitofs 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

tively.
35 .and 37

conductors 15 and 16, and capacitors 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 efféct 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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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

-3 - * This Sheet Has Been Re: fi ced

HII!IH M0



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. In such a case, the resonance

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 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. 1In

a resonant state, highly uniform magnétic fields are
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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 drawing) to be connected to a ring-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 apparatus, 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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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 opératioﬁ 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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SUMMARY OF 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.
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" “According to this invention, power is supplied to
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 aré in phase at the fwo 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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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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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 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 90° 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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frequency siénal and 180° phase high_frequency 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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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
furfher opposed connecting points connected through a
trénsmission line to a 90° phasé 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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is impedance of the transmission line leading to the
90° phase power.divider. Wwith such wvalue setting, no.
capacitors are required for iméedancg 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

d different variable capacitor connected 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 thé
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other power supply point of the one of the resonator

coil loops.
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-

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
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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 bf 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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' DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of thlS 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

circumferentially 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 end 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
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copper piping, for_éxample; The 1ineaf 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 the

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 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 circuiar shape, but may be formed elliptic

"as desired. 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. .
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The foregoing construction is basically the same

as the 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

differential power supply circuit 352 is 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 also have a 180° phase

"difference therebetween. The two 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 have the same value L,

which satisfy the following equation:
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(1/2n) JCL =

where £ is a resonance frequency in a differential

mode. The above values also satisfy the following

equation:

L/C = 20+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. o

As sﬁown in Fig. 7, each of the differential power
supp;y 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
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inductance 373 has a value La, which satisfy the

following equation:

. (1/2n) fCaiTa = £,
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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364 and inductance 373 form a series resonance circuit.

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 deviate 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



461-468 arranged betwéen_adjacent groups of three

‘1inear 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 -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.
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In each group bf three linear conductors with the
lower ends joined together, it is adequate to obtain
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.

mined by the impedance due to the linear conductor. 411

That is, the currents are deter-

" and capacitor 431, by the impedance due to the linear

conductor 412 and capacitor 432, and by the impedance

due tb 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 si@e'linear conductors
411 and 413. The currents through 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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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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and the ring-shaped conductor 482. In this embodiment,

as shown in Fig. 10, power is forcibly supplied in 1809
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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orthogonality_being lost. and the uniformity of magnetic
fields'deviatihg 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 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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‘What 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,
wherein said fwé 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 eﬁds
of said linear conductofs are connected througﬁ first

capacitors, respectively;

said power supply points being disposed at

- 27 -
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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 sub;tantially 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 lineér conductors joined together at

said one ends are connected through second capacitors,

[ ——
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respectively;
said power supply points being disposed at connec-

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—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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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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wherein each of said first and secohd differential
power supply circuits includes a bridge circuit Qith :
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 LISEtisfying

(1/2r) J§7i'= f (where f is a resonance fregquency
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

e

N B R
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L/C = Z20-2i
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 seéond 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 hav1ng a switch connected in series to said

dlfferent capac1tor, 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
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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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14. An orthogonal RF coil as defingd'in claim 13,
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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