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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention generally relates to sys-
tems and methods of obtaining images and spectra of
anatomical structures using magnetic resonance (MR)
systems. More particularly, the present invention per-
tains to multiple embodiments of a multichannel surface
coil array and associated interface devices capable of
providing images and spectroscopic results from the MR
signals obtained from the nuclei excited during MR pro-
cedures.

Description of Related Art

[0002] The following background information is provid-
ed to assist the reader to understand the invention dis-
closed below and the environment in which it will typically
be used. The terms used herein are not intended to be
limited to any particular narrow interpretation unless
clearly stated otherwise, either expressly or implied, in
this document.
[0003] Magnetic resonance imaging (MRI) is a nonin-
vasive method of producing high quality images of the
interior of the human body. It allows medical personnel
to see inside the human body without surgery or the use
of ionizing radiation such as X-rays. The images are of
such high resolution that cancer and other forms of pa-
thology can often be visually distinguished from healthy
tissue. Magnetic resonance techniques and systems
have also been developed for performing spectroscopic
analyses by which the chemical content of body tissue
or other material can be ascertained.
[0004] MRI uses a powerful magnet, radio waves, and
computer technology to create detailed images of the
soft tissues, muscles, nerves, and bones in the body. It
does so by taking advantage of a basic property of the
hydrogen atom, an atom found in abundance in all cells
within living organisms. In the absence of a magnetic
field, the nuclei of hydrogen atoms spin like a top, or
precess, randomly in every direction. When subject to a
strong magnetic field, however, the spin-axes of the hy-
drogen nuclei align themselves in the direction of the field.
This is because the nucleus of the hydrogen atom has
what is referred to as a large magnetic moment, a strong
inherent tendency to line up with the direction of the field.
Collectively, the hydrogen nuclei of the area to be imaged
create an average vector of magnetization that points
parallel to the magnetic field.
[0005] A typical MRI system, or scanner, includes a
main magnet, three gradient coils, a radio frequency (RF)
antenna (often referred to as the whole body coil), and a
computer station from which an operator can control the
system. The chief component of the MRI system, how-
ever, is the main magnet. It is typically superconducting

in nature and cylindrical in shape. Within its bore (an
opening into which patients are placed during an MRI
procedure), the main magnet generates a strong mag-
netic field, often referred to as the B0 field, which is both
uniform and static (non-varying). This B0 magnetic field
is oriented along the longitudinal axis of the bore, referred
to as the z direction, which compels the magnetization
vectors of the hydrogen nuclei in the body to align them-
selves parallel to that axis. In this alignment, the nuclei
are prepared to receive RF energy of the appropriate
frequency from the whole body coil. This frequency is
known as the Larmor frequency and is governed by the
equation ω = γ B0, where ω is the Larmor frequency (at
which the hydrogen atoms precess), γ is the gyromag-
netic constant, and B0 is the strength of the static mag-
netic field.
[0006] The RF antenna, or whole body coil, is generally
used both to transmit pulses of RF energy and to receive
the resulting MR signals induced thereby in the hydrogen
nuclei. Specifically, during its transmit cycle, the body
coil broadcasts RF energy into the cylindrical bore. This
RF energy creates a radio frequency magnetic field, also
known as the RF B1 field, whose magnetic field lines are
directed in a line perpendicular to the magnetization vec-
tor of the hydrogen nuclei. The RF pulse causes the spin-
axes of the hydrogen nuclei to tilt with respect to the main
(BO) magnetic field, thus causing the net magnetization
vector to deviate from the z direction by a known angle.
The RF pulse, however, will affect only those hydrogen
nuclei that are precessing about their axes at the fre-
quency of the RF pulse. In other words, only the nuclei
that "resonate" at that frequency will be affected, and
such resonance is achieved in conjunction with the op-
eration of the three gradient coils.
[0007] The gradient coils are electromagnetic coils.
Each gradient coil is used to generate a linearly varying
yet static magnetic field along one of the three spatial
directions (x,y,z) within the cylindrical bore known as the
gradient B1 field. Positioned inside the main magnet, the
gradient coils are able to alter the main magnetic field on
a very local level when they are turned on and off very
rapidly in a specific manner. Thus, in conjunction with
the main magnet, the gradient coils can be operated ac-
cording to various imaging techniques so that the hydro-
gen nuclei, at any given point or in any given strip, slice,
or unit of volume, will be able to achieve resonance when
an RF pulse of the appropriate frequency is applied. In
response to the RF pulse, the precessing hydrogen at-
oms in the selected region absorb the RF energy being
transmitted from the body coil, thus forcing the magnet-
ization vectors thereof to tilt away from the direction of
the main (B0) magnetic field. When the body coil is turned
off, the hydrogen nuclei begin to release the RF energy
in the form of the MR signal, as explained further below.
[0008] One well known technique that can be used to
obtain images is referred to as the spin echo imaging
technique. Operating according to this technique, the
MRI system first activates one gradient coil to set up a
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magnetic field gradient along the z-axis. This is called
the "slice select gradient", and it is set up when the RF
pulse is applied and it shuts off when the RF pulse is
turned off. It allows resonance to occur only within those
hydrogen nuclei located within a slice of the area being
imaged. No resonance will occur in any tissue located
on either side of the plane of interest. Immediately after
the RF pulse ceases, all of the nuclei in the activated
slice are "in phase", i.e., their magnetization vectors all
point in the same direction. Left to their own devices, the
net magnetization vectors of all the hydrogen nuclei in
the slice would relax, thus realigning with the z direction.
Instead, however, the second gradient coil is briefly ac-
tivated to create a magnetic field gradient along the y-
axis. This is called the "phase encoding gradient". It caus-
es the magnetization vectors of the nuclei within the slice
to point, as one moves between the weakest and strong-
est ends of the gradient, in increasingly different direc-
tions. Next, after the RF pulse, slice select gradient, and
phase encoding gradient have been turned off, the third
gradient coil is briefly activated to create a gradient along
the x-axis. This is called the "frequency encoding gradi-
ent" or "read out gradient", as it is only applied when the
MR signal is ultimately measured. It causes the relaxing
magnetization vectors to be differentially re-excited, so
that the nuclei near the low end of the gradient begin to
precess at a faster rate, and those at the high end pick
up even more speed. When these nuclei relax again, the
fastest ones (those which were at the high end of the
gradient) will emit the highest frequency of radio waves.
[0009] Collectively, the gradient coils allow the MR sig-
nal to be spatially encoded, so that each portion of the
area being imaged is uniquely defined by the frequency
and phase of its resonance signal. In particular, as the
hydrogen nuclei relax, each becomes a miniature radio
transmitter giving out a characteristic pulse that changes
over time, depending on the local microenvironment in
which it resides. For example, hydrogen nuclei in fats
have a different microenvironment than do those in water,
and thus transmit different pulses. Due to these differ-
ences, in conjunction with the different water-to-fat ratios
of dissimilar tissues, different tissues transmit radio sig-
nals of different frequencies. During its receive cycle, the
body coil detects these miniature radio transmissions,
which are often collectively referred to as the MR signal.
From the body coil, these unique resonance signals are
conveyed to the receivers of the MR system, where they
are converted into mathematical data corresponding
thereto. The entire procedure must be repeated multiple
times to form an image with a good signal-to-noise ratio
(SNR). Using multidimensional Fourier transformations,
an MR system can convert the mathematical data into a
two- or even a three-dimensional image.
[0010] When more detailed images of a specific part
of the body are needed, a local coil is often used instead
of the whole body coil. A local coil can take the form of
a volume coil or a surface coil. A volume coil is used to
surround or enclose the volume to be imaged (e.g., a

head, an arm, a wrist, a leg, or a knee). A surface coil,
however, is merely placed upon the surface of a patient
so that the underlying region of interest (e.g., the abdom-
inal, thoracic, and/or pelvic regions) can be imaged. In
addition, a local coil can be designed to operate either
as a receive-only coil or a transmit/receive (T/R) coil. The
former is only capable of detecting the MR signals pro-
duced by the body in response to an MRI procedure, as
noted above. A T/R coil, however, is capable of both re-
ceiving the MR signals as well as transmitting the RF
pulses that produce the RF B1 magnetic field, which is
the prerequisite for inducing resonance in body tissue.
[0011] It is well known in the field of MRI to use a single
local coil, whether surface or volume, to detect the MR
signals. According to the single coil approach, a relatively
large local coil is used to cover or enclose the entire re-
gion of interest. Early receiving coils were just linear coils,
meaning that they could detect only one of the two (i.e.,
vertical MX’ and horizontal MY’) quadrature components
of the MR signals produced by the region of interest. One
example of a linear coil is the single loop coil shown in
FIG. 1A. This loop is only capable of detecting magnetic
fields (i.e., MR signals) that are oriented perpendicu-
lar/vertical to the plane of the loop as shown in FIG. 1B.
Another example of a linear coil is the butterfly or saddle
coil shown in FIG. 2A. Unlike the single loop, the butterfly
coil is only sensitive to magnetic fields that are oriented
parallel to the plane of the coil as shown in FIG. 2B. This
is because a butterfly coil is constructed by twisting a
loop in the middle to form two identical subloops about
a midpoint. Because the currents flowing in the subloops
are the same but flow in counter-rotating directions, the
magnetic flux generated by the current flowing through
one subloop of the symmetric structure is equal but op-
posite to the flux due to the current in the other subloop.
Therefore, about the midpoint of the structure, the vertical
fields, due to the counter-rotating currents, oppose and
thus cancel each other. The horizontal fields generated
by those currents, however, combine, yielding a magnet-
ic field that is oriented parallel to the plane of the coil.
[0012] Accordingly, receiving coils employing quadra-
ture mode detection, meaning that they could intercept
both the vertical and horizontal components, have been
developed. Compared to linear receiving coils, quadra-
ture receiving coils enabled MRI systems to provide im-
ages for which the SNR was much improved, typically
by as much as 41%. Even with the improvement brought
with quadrature mode detection, the single coil approach
still provided images whose quality invited improvement.
The disadvantage inherent to the single coil approach is
attributable to just one coil structure being used to acquire
the MR signals over the entire region of interest.
[0013] Phased array coils were also developed to over-
come the shortcomings with the single coil approach. In-
stead of one large local coil, the phased array approach
uses a plurality of smaller local coils, with each such coil
covering or enclosing only a portion of the region of in-
terest. In a system having two such coils, for example,
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each of the coils would cover or enclose approximately
half of the region of interest, with the two coils typically
being partially overlapped for purposes of magnetic iso-
lation. The two coils would acquire the MR signals from
their respective portions simultaneously, and they would
not interact adversely due to the overlap. Because each
coil covers only half of the region of interest, each such
coil is able to receive the MR signals at a higher SNR
ratio for that portion of the region of the interest within its
coverage area. The smaller local coils of the phased array
thus collectively provide the MRI system with the signal
data necessary to generate an image of the entire region
of interest that is higher in resolution than what can be
obtained from a single large local coil.
[0014] One example of a phased array coil is the Gore®
torso array produced by W.L. Gore and Associates, Inc.
The torso array contains four surface coils, two of which
are disposed in an anterior paddle, and the other two are
disposed in a posterior paddle. The two paddles are de-
signed to be placed against the anterior and posterior
surfaces, respectively, of the patient about the abdomi-
nal, thoracic, and pelvic regions. The torso array is de-
signed for use with an MR system whose data acquisition
system has multiple receivers. The four leads of the torso
array, one each from the two anterior surface coils and
the two posterior surface coils, can be connected to sep-
arate receivers, with each receiver amplifying and digi-
tizing the signal it receives. The MR system then com-
bines the digitized data from the separate receivers to
form an image whose overall SNR is better than what
could be obtained from a single local coil, or even two
larger anterior and posterior local coils, covering the en-
tire region of interest alone.
[0015] It is also well known to obtain images of internal
bodily structures through the use of intracavity probes.
An example of a prior art intracavity probe designed pri-
marily for use with LOT and 1.5T MR systems can be
found in United States Patent Nos. 5,476,095  (’095) and
5,355,087 (’087), both of which are assigned to the as-
signee of the present invention. The prior art probe dis-
closed is designed to be inserted into bodily openings,
such as the rectum, vagina, and mouth. These patents
also disclose interface devices that are designed to in-
terface the prior art intracavity probe with MR imaging
and spectroscopy systems. A method of using the intrac-
avity probe is disclosed in United States Patent No.
5,348,010, which is also assigned to the assignee of the
present invention.
[0016] The prior art probe, operated in conjunction with
its associated interface unit, allows an MR system to gen-
erate images of, and spectroscopic results for, various
internal bodily structures, such as the prostate gland, co-
lon, or cervix. Examples of such prior art probes include
the BPX-15 prostate/endorectal coil (E-coil), the PCC-15
colorectal coil, and the BCR-15 cervix coil, all of which
are part of the eCoil™ line of disposable coils produced
by MEDRAD, Inc. of Indianola, Pennsylvania. Examples
of such interface units include the ATD-II and the ATD-

Torso units, also produced by MEDRAD, Inc.
[0017] The ATD-II unit is used to interface the prior art
probe with one receiver of an MR system to provide im-
ages or spectra of the region of interest, namely, the pros-
tate gland, colon, or cervix. The ATD-Torso unit is used
to interface not only the prior art probe but also the Gore®
torso array with multiple receivers of the MR system.
When connected to such a probe and the torso array,
the ATD-Torso unit allows the MR system to provide im-
ages or spectra not only of the prostate gland, colon, or
cervix but also of the surrounding anatomy, i.e., the ab-
dominal, thoracic, and pelvic regions.
[0018] U.S. Patent Nos. 7,747,310 and 7,885,704,
both of which are assigned to the assignee of the present
invention, disclose several intracavity probes, and asso-
ciated interface devices, for use with MR systems de-
signed to operate at higher field strengths than the prior
art probes of the ’087 and ’095 patents. For example, the
latter reference teaches a probe having a coil loop that
includes two drive capacitors and a tuning capacitor, all
of which are in series. Connected across each drive ca-
pacitor is an output cable having an electrical length of
SL + η(λ/4). When each output cable is connected at its
other end to the interface device, the coil loop is thereby
interconnected through the interface device to the MR
system.
[0019] With reference to FIG. 3, quadrature intracavity
probes have been developed. For instance, International
Patent Application Publication No. WO 2010/056911,
which is assigned to the assignee of the present inven-
tion, discloses a single coil structure that is sensitive to
both the vertical and horizontal components of the MR
signal by virtue of a simple loop-type coil element and a
butterfly- type coil element that share a center conductor.
More specifically, the quadrature coil, generally desig-
nated 10, includes an outer loop 12, a center conductor
14 bisecting the outer loop 12, and an output line, gen-
erally designated 16. The outer loop 12 includes a plu-
rality of capacitors including first and second drive ca-
pacitors 18 and 20 and first and second tuning capacitors
22 and 24. Of approximately equal values, the drive ca-
pacitors 18, 20 are serially deployed within the outer loop
12 and at their junction node 26 form a virtual ground for
electrically balancing and impedance matching the loop.
Tuning capacitors 22, 24 are also serially deployed within
outer loop 12, with their common node 28 being situated
diametrically opposite the junction node 26. Of approxi-
mately equal values, the tuning capacitors 22, 24 are
selected to resonate the outer loop 12 at the operating
frequency of the MR system. In that regard, outer loop
12 is shown in FIG. 3 as having four inductors. The values
of those inductors merely represent the inductances in-
herent in the conductive (e.g., copper) segments of the
loop. The output line 16 includes two coaxial cables 30
and 32 with the shield conductor of each connected to
the junction node 26 of the coil 10. The center conductor
14 extends between and evenly bisects the junction and
common nodes 26 and 28 of outer loop 12, and thus
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maintains the physical and electrical symmetry of quad-
rature coil 10. FIG. 3 shows the center conductor 14 as
having two inductors and a tuning capacitor 34 symmet-
rically deployed along its length. Like outer loop 12, the
values of those inductors merely represent the induct-
ances inherent in the conductor. The value of the tuning
capacitor 34 has been selected so that its reactance at
the operating frequency equals the inductive reactance
of center conductor 14. This configuration permits the
simple loop and butterfly elements of the coil to detect
MR signals orthogonal and parallel, respectively, to the
plane of the coil.
[0020] With reference to FIG. 4 and as disclosed in
U.S. Patent No. 7,885,704, a coil having a phased array
configuration for use as in an endorectal probe has been
developed. The coil includes four coil loops 40, 41, 42,
and 43 deployed in a phased array configuration in which
each coil loop 40, 41, 42, and 43 is critically overlapped
by its neighbor. Each coil loop 40, 41, 42, and 43 includes
a drive capacitor 44, 45, 46, and 47 and a tuning capacitor
48, 49, 50, and 51 arranged diametrically opposite to the
drive capacitor 44, 45, 46, and 47. In addition, each coil
loop 40, 41, 42, and 43 includes an output line 52, 53,
54, and 55 connected across the respective drive capac-
itor 44, 45, 46, and 47. Accordingly, a four element, four
channel configuration is provided. This arrangement pro-
vides a demonstrably higher signal-to-noise ratio (SNR)
than the quadrature coil 10 described hereinabove with
reference to FIG. 3; however, the coverage is less uni-
form due to the areas of low signal in the critically-coupled
(i.e., overlapped conductor) areas. This non-uniformity
is undesirable for use in an endorectal probe due to the
higher amounts of non-uniformity proximal to the coil con-
ductors.
[0021] Despite their widespread acceptance and good
reputation in the marketplace, these prior art intracavity
probes and interface devices nevertheless have a few
shortcomings. For example, they offer limited coverage,
exhibit lower signal-to-noise performance, and generally
provide less overall flexibility as compared to the en-
dorectal coil technology discussed hereinafter. It is there-
fore desirable to provide an endorectal coil array and
associated interface device capable of providing greater
overall flexibility and higher quality images and spectro-
scopic results from MR signals obtained from nuclei dur-
ing MR procedures.
[0022] WO2010056911 describes an intracavity probe
for use with an MR system that allows images and spectra
of internal anatomical structures to be obtained. The in-
tracavity probe houses within its balloon-type enclosure
a single-element quadrature coil sensitive to both the ver-
tical and horizontal components of the MR signal. The
quadrature coil by means of its output line is designed to
plug into a dedicated interface device with which to in-
terface the quadrature coil with the MR system. Drive
capacitors within the coil in conjunction with the electrical
length of the output line and phase shifting networks with-
in the interface device enable complete decoupling of the

quadrature coil from the transmit fields generated by the
MR system. Preamplifier, power splitting and combining
networks within the interface device process voltage sig-
nals representative of the horizontal and vertical compo-
nents of the MR signal and enable them to be conveyed
to the input port(s) of the MR system.
[0023] US 2007/085634 relates to a coil arrangement
for a magnetic resonance apparatus has a number of coil
elements that are capable of being operated independ-
ently of one another and are situated around a common
central area. Each coil element of the coil arrangement
is capacitively or inductively decoupled from the coil el-
ements of the coil arrangement that are immediately ad-
jacent to this coil element. In the central area, there is
situated a capacitor network that connects the coil ele-
ments of the coil arrangement to one another. The ca-
pacitor network is fashioned and dimensioned such that
it at least reduces the coupling of each coil element of
the coil arrangement to at least one additional coil ele-
ment of the coil arrangement that is not immediately ad-
jacent to the respective coil element.
[0024] US 6,747,452 relates to a decoupling circuit for
decoupling a local coil during the application of an RF
excitation signal in a magnetic resonance imaging sys-
tem that includes a passive switching circuit for switching
an inductor in parallel with a capacitive circuit in the local
coil, and a discharge circuit for discharging residual cur-
rents from the circuit, therefore allowing for rapid coupling
and decoupling of the local coil.
[0025] The following publications also provide context
and background to the present disclosure:

i) GILDERDALE D J ET AL, "Design and use of in-
ternal receiver coils for magnetic resonance imag-
ing", BRITISH JOURNAL OF RADIOL, BRITISH IN-
STITUTE OF RADIOLOGY, LONDON, GB,
(19990101), vol. 72,
doi:10.1259/BJR.72.864.10703469, ISSN
0007-1285, pages 1141 - 1151, XP008169585; and
ii) O. KRAFT ET AL., "An Eight-Channel Trans-
mit/Receive RF Array for Imaging the Carotid Arter-
ies at 7 Tesla", PROCEEDINGS OF THE INTERNA-
TIONAL SOCIETY FOR MAGNETIC RESONANCE
IN MEDICINE, ISMRM, 17TH SCIENTIFIC MEET-
ING AND EXHIBITION, HONOLULU, HAWAII, USA,
18-24 APRIL 2009, (20090404), page 3007,
XP040610239.

SUMMARY OF THE INVENTION

[0026] Therefore, it is an object of the present invention
to provide a coil, an interface device, an intracavity probe
and a system as defined in the appended set of claims
that overcome some or all of the drawbacks and deficien-
cies evident in the prior art. More specifically, the coil
array and associated interface devices of the present in-
vention are capable of providing greater overall flexibility
and higher quality images and spectroscopic results from
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MR signals obtained from nuclei during MR procedures.
[0027] In a first aspect of the invention there is provide
a coil in accordance with claim 1. In another aspect of
the invention there is provided an intracavity probe for
use with a magnetic resonance system for obtaining im-
ages of a region of interest within a cavity of a patient,
the intracavity probe comprising: (a) a coil according to
claims 1 to 4; and (b) a pair of decoupling circuits (332,
324) each of which is connected across the tuning ca-
pacitor of one of the coil loops. In a further aspect of the
invention there is provided an interface according to claim
7. In yet another aspect of the invention there is provided
a system in accordance with claim 10.
[0028] Accordingly, provided is a coil for use with a
magnetic resonance system for obtaining images of a
region of interest. The coil includes: (a) a pair of coil loops
arranged in a phased array configuration each of which
for receiving magnetic resonance signals from the region
of interest corresponding thereto; and (b) a spacer ma-
terial positioned adjacent to an anterior surface of the
pair of the coil loops. Each of the coil loops has a drive
capacitor and a tuning capacitor with the tuning capacitor
having a value selected to resonate the coil loop corre-
sponding thereto at an operating frequency of the mag-
netic resonance system. The spacer material enables a
predetermined distance of between about 0.762mm
(0.03 inches) and about 1.524mm (0.06 inches) to exist
between the pair of coil loops and the region of interest
and thereby: (i) reduce intensity of the magnetic reso-
nance signals in proximity of the coil loops; (ii) maintain
a signal-to-noise ratio at a depth within the region of in-
terest appropriate to reconstruct the images of the region
of interest; and (iii) reduce artifacts in the images inclusive
of the Gibbs artifact.
[0029] The coil may further include a pair of decoupling
circuits each of which connected across the tuning ca-
pacitor of one of the coil loops. Each of the decoupling
circuits may be an active decoupling circuit, a passive
decoupling circuit, or both an active and a passive de-
coupling circuit. The coil also includes a pair of output
cables each of which connected at a first end thereof
across the drive capacitor of one of the coil loops such
that each of the drive capacitors is provided with a sep-
arate ground. An intermediate conduit may be provided
that includes: (a) an input connector; (b) an output con-
nector; (c) pair of internal cables for connecting at one
end thereof, respectively, to the output cables of the in-
tracavity probe via the input connector and approximate
another end thereof to an interface device for the intrac-
avity probe via the output connector; (d) a pair of baluns
each of which interconnected between an end of one of
the internal cables and at least one of the input connector
and the output connector; and (e) at least one cable trap
connected thereabout.
[0030] The pair of coil loops are arranged in a hybrid
overlap configuration wherein at least a portion of each
of the coil loops is overlapped and the coil loops share a
common conductor.

[0031] A passive decoupling circuit may be provided
at a second end of each of the output cables. Each of
the passive decoupling circuits may include series con-
nected back-to-back diodes and a reactance component.
The reactance component may be at least one of an in-
ductor and a capacitor.
[0032] The coil may be provided as part of an intrac-
avity probe or may be a surface coil. The surface coil
may be a head coil, a torso coil, a neck coil, a limb coil,
or any combination thereof.
[0033] Also provided is an intracavity probe for use with
a magnetic resonance system for obtaining images of a
region of interest within a cavity of a patient. The intrac-
avity probe includes: (a) a coil according to claims 1 to
4; and (b) a pair of decoupling circuits each of which
connected across the tuning capacitor of one of the coil
loops. The spacer material of the coil enables a prede-
termined distance of between about 0.762 mm (0.03
inches) and about 1.524 mm (0.06 inches) to exist be-
tween the pair of coil loops and the region of interest and
thereby: (i) reduce intensity of the magnetic resonance
signals in proximity of the coil loops; (ii) maintain a signal-
to-noise ratio at a depth within the region of interest ap-
propriate to reconstruct the images of the region of inter-
est; and (iii) reduce artifacts in the images or spectra
inclusive of the Gibbs artifact when the intracavity probe
is inserted into the cavity of the patient during acquisition
of the images.
[0034] Each of the decoupling circuits may be an active
decoupling circuit, a passive decoupling circuit, or both
an active and a passive decoupling circuit. An interme-
diate conduit may be provided that includes: (a) an input
connector; (b) an output connector; (c) a pair of internal
cables for connecting at one end thereof, respectively,
to the output cables of the intracavity probe via the input
connector and approximate another end thereof to an
interface device for the intracavity probe via the output
connector; (d) a pair of baluns each of which are inter-
connected between an end of one of the internal cables
and at least one of the input connector and the output
connector; and (e) at least one cable trap connected
thereabout.
[0035] The pair of coil loops is arranged in a hybrid
overlap configuration wherein at least a portion of each
of the coil loops is overlapped and the coil loops share a
common conductor.
[0036] A passive decoupling circuit may be provided
at a second end of each of the output cables. Each of
the passive decoupling circuits may include series con-
nected back-to-back diodes and a reactance component.
The reactance component may be at least one of an in-
ductor and a capacitor.
[0037] In addition, provided is an interface device ac-
cording to claim 7 for interfacing the coil according to any
of the claims 1 to 5 with a magnetic resonance system.
[0038] The first preamplifier and the second preampli-
fier may be provided with a predetermined reduced sup-
ply voltage as compared to a rated supply voltage of the
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first preamplifier and the second preamplifier. At least
one attenuator may provide an attenuation nominally in
the range of 3dB to 6dB. The at least one attenuator may
be positioned at at least one of (a) between the first
preamplifier and the first splitter; (b) between the second
preamplifier and the second splitter; (c) after the first split-
ter; and (d) after the second splitter. The plurality of
modes include, but are not limited to, Left Loop, Right
Loop, Whole Loop, Whole Saddle. The plurality of modes
may further include Right Loop and Left Loop (LL), Whole
Loop and Whole Saddle, and Right Loop, Left Loop,
Whole Loop, Whole Saddle (LLLS).
[0039] Also provided is a system for obtaining images
of a region of interest. The system includes: (a) an int-
racavity probe; and (b) an interface device for interfacing
the intracavity probe with a magnetic resonance system
according to any of claims 7 to 9. The intracavity probe
includes a coil in accordance with any of the claims 1 to 4.
[0040] The first preamplifier and the second preampli-
fier may be provided with a predetermined reduced sup-
ply voltage as compared to a rated supply voltage of the
first preamplifier and the second preamplifier. The inter-
face device may further include at least one attenuator
providing an attenuation nominally in the range of 3dB
to 6dB. The at least one attenuator may be positioned at
at least one of: (a) between the first preamplifier and the
first splitter; (b) between the second preamplifier and the
second splitter; (c) after the first splitter; and (d) after the
second splitter.
[0041] The coil may further include a pair of decoupling
circuits each of which connected across the tuning ca-
pacitor of one of the coil loops. Each of the decoupling
circuits may be an active decoupling circuit, a passive
decoupling circuit, or both an active and a passive de-
coupling circuit. An intermediate conduit may be provided
that includes: (a) an input connector; (b) an output con-
nector; (c) a pair of internal cables for connecting at one
end thereof, respectively, to the output cables of the in-
tracavity probe via the input connector and approximate
another end thereof to an interface device for the intrac-
avity probe via the output connector; (d) a pair of baluns
each of which interconnected between an end of one of
the internal cables and at least one of the input connector
and the output connector; and (e) at least one cable trap
connected thereabout.
[0042] The pair of coil loops are arranged in a hybrid
overlap configuration wherein at least a portion of each
of the coil loops is overlapped and the coil loops share a
common conductor. A passive decoupling circuit may be
provided at a second end of each of the output cables.
Each of the passive decoupling circuits may include se-
ries connected back- to-back diodes and a reactance
component. The reactance component may be at least
one of an inductor and a capacitor.
[0043] These and other features and characteristics of
the present invention, as well as the methods of operation
and functions of the related elements of structures and
the combination of parts and economies of manufacture,

will become more apparent upon consideration of the
following description and the appended claims with ref-
erence to the accompanying drawings, all of which form
a part of this specification, wherein like reference numer-
als designate corresponding parts in the various figures.
It is to be expressly understood, however, that the draw-
ings are for the purpose of illustration and description
only and are not intended as a definition of the limits of
the invention. As used in the specification and the claims,
the singular form of "a", "an", and "the" include plural
referents unless the context clearly dictates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044]

FIG. 1A is a schematic diagram of a conventional
single loop coil and FIG. IB is a representation of the
vertically oriented magnetic fields it is capable of
sensing;

FIG. 2A is a schematic diagram of a conventional
butterfly coil and FIG. 2B is a representation of the
horizontally oriented magnetic fields it is capable of
sensing;

FIG. 3 is a schematic diagram of a conventional
quadrature endorectal coil;

FIG. 4 is a schematic diagram of a conventional four
channel phased array endorectal coil whose loops
are partially overlapped;

FIG. 5 is a perspective view of an intracavity probe
in accordance with the present invention;

FIG. 6 is a schematic diagram of a coil in accordance
with a first example that is not part of the claimed
invention;

FIG. 7 is a schematic diagram of a coil in accordance
with a second example that does not form part of the
claimed invention;

FIG. 8 is an exemplary image produced by an MR
system using the coil of FIG. 6 illustrating the ghost-
ing artifacts produced in the image;

FIG. 9 is a perspective exploded view of a coil in
accordance with the present invention illustrating a
spacer material used with the coil;

FIG. 10 is a cross-sectional assembled view of the
coil of FIG. 9;

FIG. 11 is a schematic diagram of a coil in accord-
ance with a third example that does not form part of
the claimed invention;
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FIG. 12 is a schematic diagram of a coil in accord-
ance with a fourth example that does not form part
of the claimed invention;

FIGS. 13A and 13B are block diagrams illustrating
the coil of FIG. 12 connected to an interface device
in accordance with the present invention;

FIG. 14 is a block diagram of an interface device in
accordance with the present invention;

FIG. 15 is a schematic diagram of the coil of FIG. 12
illustrating the manner in which current is induced
therein when in Left Loop mode;

FIGS. 16A-16C form a schematic diagram of the in-
terface device of FIG. 14 illustrating the manner in
which the interface device operates when in Left
Loop mode;

FIG. 17 is a schematic diagram of the coil of FIG. 12
illustrating the manner in which current is induced
therein when in Right Loop mode;

FIGS. 18A-18C form a schematic diagram of the in-
terface device of FIG. 14 illustrating the manner in
which the interface device operates when in Right
Loop mode;

FIG. 19 is a schematic diagram of the coil of FIG. 12
illustrating the manner in which current is induced
therein when in Whole Loop mode;

FIGS. 20A-20C form a schematic diagram of the in-
terface device of FIG. 14 illustrating the manner in
which the interface device operates when in Whole
Loop mode;

FIG. 21 is a schematic diagram of the coil of FIG. 12
illustrating the manner in which current is induced
therein when in Saddle Loop mode;

FIGS. 22A-22C form a schematic diagram of the in-
terface device of FIG. 14 illustrating the manner in
which the interface device operates when in Saddle
Loop mode; and

FIG. 23 is a graph comparing the signal-to-noise ra-
tios (SNR) of the various coil configurations.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS, AND EXAMPLES THAT DO NOT FORM 
PART OF THE CLAIMED INVENTION

[0045] For purposes of the description hereinafter, the
terms "upper", "up", "lower", "down", "right", "left", "verti-
cal", "orthogonal", "horizontal", "top", "bottom", "lateral",
"longitudinal", and derivatives thereof shall relate to the

invention as it is oriented in the drawing figures and/or
from the perspective of a patient during a procedure.
However, it is to be understood that the invention may
assume alternative variations and step sequences, ex-
cept where expressly specified to the contrary. It is also
to be understood that the specific devices and processes
illustrated in the attached drawings, and described in the
following specification, are simply exemplary embodi-
ments of the invention. Hence, specific dimensions and
other physical characteristics related to the embodiments
disclosed herein are not to be considered as limiting.
[0046] In all of its embodiments and related aspects,
the present invention disclosed below is ideally used with
magnetic resonance (MR) systems designed to operate
at 1.0, 1.5, or 3.0 Tesla or any field strength in between,
though it is also applicable to those operable at lower or
higher field strengths. The technology is also applicable
to scanner configurations with horizontal or vertical bore
magnets or other orientations and in closed or open bore
scanners.
[0047] The coils discussed hereinafter may be incor-
porated into an intracavity probe, such as the endorectal
probe 60 illustrated in FIG. 5. The intracavity probe 60
includes a flexible shaft 62 and a balloon structure 64.
The coils discussed hereinafter in greater detail are at-
tached to an anterior surface of the balloon structure 64.
The balloon structure 64 is configured to position the coil
in operative proximity to a rectal prostatic bulge of a pa-
tient when the balloon structure 64 is inflated, which op-
timizes the coupling between coil and the target anatomy.
The balloon structure 64 is preferably made of a medical-
grade latex or other appropriate elastomeric material.
Such material should, of course, be non-paramagnetic
and exhibit low dielectric losses. The flexible shaft 62
defines two lumens (not shown) therein. Within its cylin-
drical wall near its distal end, the shaft 62 also defines a
hole (not shown) in communication with one of the lu-
mens. This lumen and hole together serve as a passage-
way for the fluid (e.g., gas or liquid) pumped into and
expelled out of balloon structure 64 when inflated and
deflated, respectively. Further away from its distal end,
the shaft 62 defines another hole in its cylindrical wall.
The other lumen and this hole act as the conduit through
which the output cables are routed from the coil. The
output cables may be housed in a single sheath 66 having
a plug 68 at a proximal end thereof to connect the intrac-
avity probe 60 with an appropriate interface device as
discussed in greater detail hereinafter.
[0048] The intracavity probe 60 further includes an an-
ti-migration disc 70 and a handle 74. Fixed to the proximal
end of shaft 62, the handle 74 enables the probe 60 to
be easily manipulated at its distal end and, inclusive of
balloon structure 64 secured thereon, is inserted into the
rectum and appropriately aligned within the cavity as de-
scribed below. The anti-migration disc 70, composed of
a semi-rigid plastic or other suitable polymer, is desirably
semi-spherical in shape. As shown in FIG. 5, the disc 70
defines a slot 76. This slot 76 allows the disc 70 to be
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snapped onto the shaft 62. When affixed to the shaft 62
adjacent the anal sphincter after the probe 60 has been
inserted into the rectum, the anti-migration disc 70 pre-
vents the probe 60 from migrating superiorly due to the
normal peristaltic activity of the colon.
[0049] The intracavity probe 60 also includes a means
for controlling inflation of balloon structure 64. The infla-
tion control means desirably takes the form of a syringe
78, a tube 80, and a stop cock 82. The tube 80 connects
the syringe 78 to the lumen for fluid of the shaft 62 at the
proximal end of the shaft 62. The stop cock 82 is con-
nected in series with the tube 80 and serves to control
whether air is pumped to or released from the balloon
structure 64.
[0050] In operation, the distal end of the intracavity
probe 60 is inserted into the cavity via the rectum while
the balloon structure 64 is in the uninflated state. With
the distal end inserted, the probe 60 is positioned both
rotationally and longitudinally within the cavity adjacent
the region of interest. Once the intracavity probe 60 is
correctly positioned, the anti-migration disc 70 can then
be snapped onto the shaft 62 adjacent the sphincter to
assure that the intracavity probe 60 stays in position dur-
ing the MR scanning procedure.
[0051] Before inflating the balloon structure 64, the
stop cock 82 must be switched to the open state. By
utilizing the syringe 78, the balloon structure 64 will inflate
via tube 80, stop cock 82, and the lumen for fluid in the
shaft 62. As the balloon structure 64 inflates, an outer
surface thereof is forced to abut against a wall of the
cavity opposite the region of interest, thereby positioning
the coil approximate the prostate gland for optimal re-
ception of the MR signals therefrom during the MR scan-
ning procedure. The stop cock 82 can then be switched
to the closed position. The intracavity probe 60 can then
be connected to the appropriate interface device via the
plug 68 of the sheath 66.
[0052] When the scanning procedure is completed, the
clinician need only switch the stop cock 82 to the open
position to deflate the balloon structure 64. Whether or
not the anti-migration disc 70 is removed from shaft 62,
the distal end can then be removed from the rectum mere-
ly by gently pulling on the handle 74 of the intracavity
probe 60.
[0053] Although the invention is described herein-
above and hereinafter in a specific implementation, i.e.,
as an endorectal coil array, which is capable of being
incorporated within a suitable housing to form an intrac-
avity probe insertable into the rectum to obtain images
and/or spectra of the male prostate gland, it should be
understood that the invention is equally capable of being
adapted to obtain images of and/or spectra from other
regions of interest, such as those accessible through the
mouth, the vagina, or other orifices penetrable by an in-
tracavity probe. It should also be apparent that the prin-
ciples presented herein may also be applied to a wide
variety of surface coil arrays, such as those intended for
imaging of the head, neck, torso, limbs, and other struc-

tures of the body.
[0054] In general, the endorectal coils disclosed herein
include a two element layout that has been configured
to receive radio frequency (RF) currents from the whole
geometry and, using appropriate splitters and combiners
in an interface device discussed hereinafter, turned into
a four channel output device.
[0055] With reference to FIG. 6, various aspects of a
first example of the endorectal coil, the example not form-
ing part of the claimed invention, are illustrated. More
specifically, FIG. 6 illustrates a schematic diagram of a
prototype of an endorectal coil array built for operation
with 1.5T MRI scanners.
[0056] The endorectal coil, generally designated 100,
includes an outer loop 102, a center conductor 104 bi-
secting outer loop 102, and an output line, generally des-
ignated 106. The outer loop 102 includes a plurality of
capacitors including first and second drive capacitors 108
and 110 and first and second tuning capacitors 112 and
114. Of approximately equal values, the drive capacitors
108 and 110 are serially deployed within the outer loop
102 and at their junction node 116 form a virtual ground
for electrically balancing and impedance matching the
loop. Tuning capacitors 112 and 114 are also serially
deployed within outer loop 102, with their common node
118 being situated diametrically opposite the junction
node 116. Of approximately equal values, the tuning ca-
pacitors 112 and 114 are selected to resonate the outer
loop 102 at the operating frequency of the MR system.
[0057] In this manner, the outer loop 102 of FIG. 6 has
been tuned to detect MR signals emanating from the pa-
tient at the operating frequency of a 1.5T MR system.
The shape of outer loop 102 dictates that the loop is ca-
pable of detecting only those MR signals whose field lines
are oriented vertical to the plane of the loop. The afore-
mentioned tuning scheme, however, also imposes a 180
degree phase shift upon the resulting voltage signals out-
put by outer loop 102 representative of the vertically ori-
ented MR signals it detects. Specifically, relative to the
virtual ground at junction node 116, the phase of the volt-
age signals detectable across the first drive capacitor
108, i.e., at a first port, is 180 degrees from the phase of
the voltage signals detectable across the second drive
capacitor 110, i.e., at a second port.
[0058] The center conductor 104 extends between and
evenly bisects the junction and common nodes 116 and
118 of outer loop 102, and thus maintains the physical
and electrical symmetry of the coil 100. FIG. 6 shows the
center conductor 104 as having a tuning capacitor 120
deployed along its length. The value of the tuning capac-
itor 120 has been selected so that its reactance at the
operating frequency equals the inductive reactance of
center conductor 104. This permits two modes of oper-
ation to occur simultaneously. First, the equal inductive
and capacitive reactances enable center conductor 104
to act as an open circuit relative to outer loop 102. In such
an instance, a first channel output representative of the
whole loop (shown by arrow WL) is provided.
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[0059] Beyond acting as an open circuit for outer loop
102 to enable detection of the vertical components of the
MR signal, the center conductor 104 also operates with
outer loop 102 to emulate a butterfly-type or saddle-type
coil for detecting MR signals oriented parallel to the plane
of the coil 100. The tuning scheme of the example creates
not only a simple loop current path for outer loop 102 but
also an alternative current path (involving counter-rotat-
ing currents) for the outer loop 102 and the center con-
ductor 104 combined. Specifically, during the receive cy-
cle and starting near junction node 116, the current in-
duced by the horizontally-oriented MR signals flows
across the second drive capacitor 110 up to the far end
of outer loop 102 and into and down to center conductor
104. It then crosses the midpoint of the butterfly or saddle
structure and flows across the first drive capacitor 108
up to the far end of outer loop 102 and into and down to
center conductor 104 to start the cycle anew as long as
the coil 100 is in position to detect MR signals during the
receive cycle of operation. In such an instance, a second
channel output representative of the saddle/butterfly
mode (shown by arrow SL) is provided.
[0060] The output line 106 for the coil 100 can be im-
plemented using various mechanisms such as coaxial
cable, stripline, microstrip, or other transmission line
technologies. FIG. 6 shows two coaxial cables 122 and
124 with the shield conductor of each connected to the
junction node 116 of the coil. The center conductor of
cable 122 connects to the other side of the first drive
capacitor 108, while the center conductor of cable 124
connects to the other side of the second drive capacitor
110. The output line 106 should have an electrical length
of SL + η(λ/4) for the reasons disclosed in U.S. Patent
Application Publication No. 2009/0076378. λ is the wave-
length of the operating frequency of the MR system and
n is an odd integer whose value will typically be (and is
hereinafter treated as being) equal to 1 as the coil 100
will in practice always be reasonably close to the interface
device to which it will connect. SL represents an additional
length whose inductive reactance is of the same magni-
tude as the reactance of each of the first and second
drive capacitors 108, 110 across which the terminals of
output line 106 connect. With a standard plug accommo-
dating the conductors of both cables, for instance, the
center and shield conductors of each cable 122 and 124
connect to a suitable socket or other type connector for
the interface device.
[0061] In addition, based on an RF splitter configura-
tion of the interface device discussed hereinafter, two
channels may also be provided to obtain a left loop signal
(shown as arrow LL in FIG. 6) and a right loop signal
(shown as arrow RL in FIG. 6) with the center conductor
104 serving as a common conductor for both the loops.
[0062] During trial tests of the coil 100, it was deter-
mined that the signal-to-noise ratio (SNR), while superior
to current endorectal coils, was not as high as desired.
In addition, the images obtained using this coil 100 pro-
duced unsatisfactory ghosting artifacts as will be dis-

cussed in greater detail hereinafter.
[0063] Accordingly, a second example of the coil was
developed in an attempt to obtain a higher SNR, the sec-
ond example not forming part of the claimed invention.
With reference to FIG. 7, this coil, generally designated
200, includes a first coil loop 202 and a second coil loop
204. The pair of coil loops 202 and 204 is arranged in a
phased array configuration each of which receive MR
signals from the region of interest corresponding thereto.
The first coil loop 202 includes a drive capacitor 206 and
a tuning capacitor 208. The tuning capacitor 208 has a
value selected to resonate the first coil loop 202 at the
operating frequency of the MR system. The second coil
loop 204 includes a drive capacitor 210 and a tuning ca-
pacitor 212. The tuning capacitor 212 has a value select-
ed to resonate the second coil loop 204 at the operating
frequency of the MR system.
[0064] The coil 200 also includes an output line 214
that includes two coaxial cables 216 and 218. The first
coaxial cable 216 is connected at a first end thereof
across the first drive capacitor 206 and the second co-
axial cable 218 is connected at a first end thereof across
the second drive capacitor 210, such that each of the
drive capacitors 206 and 210 share a common ground.
This configuration can be referred to as a hybrid overlap
configuration. A standard plug accommodates the con-
ductors of both cables at a second end thereof, for in-
stance, the center and shield conductors of each cable
216 and 218, such that the output line 214 can be con-
nected to a suitable socket or other type of connector for
the interface device. The output line 214 should also have
an electrical length of SL + n(λ/4) for the reasons dis-
cussed hereinabove.
[0065] Accordingly, the second example of coil 200,
which does not form part of the claimed invention, also
includes two elements (i.e., first coil loop 202 and second
coil loop 204) and is configured to provide a four channel
output. More specifically, coil 200 is configured to provide
a first channel output representative of the whole loop,
and a second channel output representative of the sad-
dle/butterfly mode. In addition, based on an RF splitter
configuration of the interface device discussed hereinaf-
ter, a third channel output is provided to obtain a left loop
signal, and a fourth channel output may be provided to
obtain a right loop signal.
[0066] However, during trial tests of the coil 200, while
the SNR of this coil configuration was improved as com-
pared to the first example of coil 100, the images obtained
using this coil 200 continued to produce unsatisfactory
ghosting artifacts.
[0067] An unwanted byproduct of the endorectal coils
illustrated in FIGS. 6 and 7 in typical use is excessive
signal intensity near the coil conductor, due to the close
proximity of the coil conductor to the tissues of the rectal
wall. This signal intensity far exceeds typical signal levels
in the analog signal path, and can lead to undesirable
effects, including the Gibbs artifact, which can manifest
itself as "ghosting" of the image, even if the subject is
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motionless. This artifact differs between scanner manu-
facturers, due to varying degrees of post-processing em-
ployed, and tends to be more apparent on older scanners
and signal processing systems. Other effects include sig-
nal saturation, where the contrast near the coil conductor
is minimal, and thus no clinically useful image detail is
available.
[0068] With reference to FIG. 8, an exemplary image
produced by an MR system using the coil of FIG. 6 or
FIG. 7 illustrating the ghosting artifacts produced in the
image is provided. These ghosting artifacts 250 appear
as small, light rings emanating from the position where
the coil is provided. Ghosting artifacts are also referred
to as "motion artifacts" in literature. However, these arti-
facts are produced in images provided using the coils of
FIGS. 6 and 7 even in the absence of motion. These
artifacts can be classified as "Gibbs artifacts" or
edge/transition/ringing artifacts since they are observed
due to the Gibbs phenomenon when there is a sudden
or abrupt shift/jump in a signal level at the input stage of
the image processing.
[0069] The Gibbs phenomenon, named after the
American physicist J. Willard Gibbs, is the peculiar man-
ner in which the Fourier series of a piecewise continu-
ously differentiable periodic function behaves at a jump
discontinuity. The Gibbs phenomenon can be seen as
the result of convolving a Heaviside step function (if pe-
riodicity is not required) or a square wave (if periodic)
with a sinc function. The oscillations in the sine function
cause the ripples in the output.
[0070] In MR imaging, the Gibbs phenomenon causes
artifacts in the presence of adjacent regions of markedly
differing signal intensity. Gibbs artifacts are bright or dark
lines that are seen parallel and adjacent to borders of
abrupt intensity change (see element 250 in FIG. 8).
These artifacts are related to the finite number of encod-
ing steps used by the Fourier transform to reconstruct an
image.
[0071] It has been verified that Gibbs artifacts increase
with an increase in a signal level transition. Coils 100 and
200 each include a common conductor. The common
conductor design has significantly higher SNR than pre-
vious coil designs. However, these coils also have a
much enhanced transition of the signal level in compar-
ison with the current coil design. The presence of these
artifacts can be reduced by changing the software and/or
hardware of the MR scanner of the MR system. For in-
stance, an enhanced filtering mechanism, such as a low
pass filter, can be provided at the scanner to reduce the
ripple after a transition from a region of low signal intensity
to a region of high signal intensity. In addition, the soft-
ware of the MR scanner of the MR system could also be
reformulated to use a compensation algorithm aimed to
cancel out the Gibbs or ringing artifacts. Both of these
solutions are undesirable because they require expen-
sive redesigns of the MR scanner. A preferred solution
is to reduce the Gibbs artifacts by altering the coil design
because the coils are inexpensive, disposable units.

[0072] Therefore, various tests led to the discovery that
changes could be made to the coil and interface device
to drastically reduce the presence of Gibbs artifacts. First,
it was discovered that spacing the coil away from the
surface reduces the transition level. Accordingly and with
reference to FIGS. 9 and 10, each of the coil designs
discussed herein includes a spacer material positioned
adjacent to an anterior surface of the coil. The spacer
material includes three strips 220, 222, and 224. The
spacer material strips 220, 222, and 224 have a thickness
to assure a predetermined distance of h1 and h2 between
the coil and the region of interest, such as a prostate,
when the intracavity probe including the coil is inserted
into the cavity, such as the rectum, of the patient. The
spacer material strip 222 provided over the overlap of
the coil loops has a greater thickness than the spacer
material strips 220 and 224 at the outside of the coil loops
because the artifacts produced in this region are greater
than the artifacts produced at the edges. The predeter-
mined distance provided by the spacer material strips is
between about 0.762 mm (0.03 inches) and about 1.524
mm (0.06 inches). The spacer material may be any ma-
terial that is not detected by an MR system, such as a
foam material.
[0073] By spacing the coil away from the surface, the
transition from a region of low signal intensity to a region
of high signal intensity is reduced, thereby reducing the
Gibbs artifacts. More specifically, the endorectal coil in
its current form consists of a pair of coil loops on a sub-
strate, supported by and enclosed in a biocompatible bal-
loon. This balloon is designed to be inflated to press the
coil loops against the rectal wall to ensure consistent coil
positioning and close contact to enable the best imaging
of the prostate gland (in this use case). The fact that the
wall thickness of the balloon that covers the coil element
is very small (0.254 mm (0.010 inches) or less) results
in close proximity of the coil conductors to the rectal wall.
[0074] It is a known phenomenon that an electromag-
netic field (and thus the resultant signal intensity as seen
by the interface and scanner signal path) follows the "In-
verse Square Law," which, applied to this case, means
that the signal intensity is inversely proportional to the
square of the distance from the coil conductor. In practical
terms, it means that a doubling of the distance of the coil
conductor from the closest part of patient’s anatomy to
the coil conductor will result in a signal intensity of 1/4th

of the previous level in that anatomy, while the reduction
in signal will become less apparent further into the region
of interest at right angles to the plane of the coil conduc-
tors.
[0075] Thus, using an arbitrary coil conductor spacing
of 0.254 mm (0.010 inches), and signal level of 36,000
units (measured as a pixel value of a small region of an
imaging phantom representing the patient’s anatomy
closest to the endorectal coil conductor), doubling the
spacing to 0.508 mm (0.020 inches), for instance, will
result in a reduction of signal intensity in the same region
to 9,000 units. Hence, a pre-determined spacing provid-

19 20 



EP 2 587 996 B1

12

5

10

15

20

25

30

35

40

45

50

55

ed on top of the coil conductor reduces the signal intensity
jump at the proximal region of the imaging volume, and
thus works favorably to reduce the artifacts including
Gibbs artifacts.
[0076] In addition, it was discovered that the signal
could be reduced accompanied by a greater reduction in
the noise to increase the SNR while reducing artifacts by
making minor changes in the interface device. First, the
interface device includes a pair of preamplifiers as will
be discussed in greater detail hereinafter. It has been
found that providing the preamplifiers with a predeter-
mined reduced supply voltage as compared to a rated
supply voltage of the preamplifiers has the effect of re-
ducing the signal produced by the coil; however, this re-
duction in signal is accompanied by a greater reduction
in noise. Accordingly, the SNR is increased. For example,
these preamplifiers are typically provided with a supply
voltage of 10V. It has been found that decreasing the
supply voltage of the preamplifier to 5V, and the position-
ing of an attenuator having an attenuation of between
3dB and 9dB after the preamplifiers, has the effect of
reducing the signal produced by the coil. This reduction
in signal, however, is accompanied by a greater reduction
in noise. Accordingly, the SNR is increased.
[0077] Finally, while the combination of spacing the coil
away from the surface and applying the preamplifier with
a reduced supply voltage of 5V lowers the Gibbs artifacts
produced in the images significantly, the artifacts pro-
duced in the images are still greater than in current coil
designs. Accordingly, it was discovered that reduced sig-
nal intensity associated with reduced artifacts without
compromising on SNR could be achieved by utilizing a
coil having an overlapped two loop design where the two
loops do not include a common conductor or a common
ground.
[0078] More specifically, with reference to FIG. 11, a
third example of the endorectal coil that does not form
part of the claimed invention, generally designated as
300, includes a first coil loop 302 and a second coil loop
304. The pair of coil loops 302 and 304 is arranged in a
phased array configuration each of which receive MR
signals from the region of interest corresponding thereto.
The first coil loop 302 includes a drive capacitor 306 and
a tuning capacitor 308. The tuning capacitor 308 has a
value selected to resonate the first coil loop 302 at the
operating frequency of the MR system. The second coil
loop 304 includes a drive capacitor 310 and a tuning ca-
pacitor 312. The tuning capacitor 312 has a value select-
ed to resonate the second coil loop 304 at the operating
frequency of the MR system.
[0079] The coil 300 also includes an output line 314
that includes two coaxial cables 316 and 318. The first
coaxial cable 316 is connected at a first end thereof
across the first drive capacitor 306 and the second co-
axial cable 318 is connected at a first end thereof across
the second drive capacitor 310 such that each of the drive
capacitors 306 and 310 is provided with a separate
ground.

[0080] Accordingly, the third example of coil 300, which
does not form part of the claimed invention, also includes
two elements (i.e., first coil loop 302 and second coil loop
304) and is configured to provide a four channel output.
More specifically, coil 300 is configured to provide a first
channel output representative of the whole loop, and a
second channel output representative of the saddle/but-
terfly mode. In addition, based on an RF splitter config-
uration of the interface device discussed hereinafter, a
third channel output may be provided to obtain a left loop
signal and a fourth channel output may be provided to
obtain a right loop signal.
[0081] A standard plug 320 accommodates the con-
ductors of both cables at a second end thereof, for in-
stance, the center and shield conductors of each cable
316 and 318 such that the output line 314 can be con-
nected to a suitable socket or other type of connector for
the interface device.
[0082] It was also discovered that the previously de-
scribed examples of the coil were not designed to operate
within safe SAR limits. Accordingly, additional decou-
pling circuitry is required to achieve these safe SAR limits.
More specifically, a first active decoupling circuit 322 is
connected across the tuning capacitor 308 of the first coil
loop 302, and a second active decoupling circuit 324 is
connected across the tuning capacitor 312 of the second
coil loop 304. Each of these decoupling circuits 322, 324
include a PIN diode 326, 330 and an inductor 328, 332
provided in series. During the transmit cycle, the interface
device is configured to bias the PIN diodes 326, 330 on,
thereby opening the coil due to the parallel resonance.
In addition, a first passive decoupling circuit 334 is pro-
vided at the second end of the first coaxial cable 316,
and a second passive decoupling circuit 336 is provided
at the second end of the second coaxial cable 318. Each
of these passive decoupling circuits 334, 336 includes
series connected back-to-back diodes 338, 342 and a
capacitor 340, 344. The passive decoupling circuits 334,
336 are configured to conduct in response to the higher
voltages induced by the RF excitation field. The use of
these passive decoupling circuits 334, 336 removes the
necessity for the output line 314 to have an electrical
length of SL + η(λ/4). Accordingly, the output line 314
may have any practical electrical length.
[0083] An alternative configuration of the endorectal
coil in accordance with a fourth example that does not
form part of the claimed invention is illustrated in FIGS.
12, 13A, and 13B. The endorectal coil, generally desig-
nated as 400, includes a first coil loop 402 and a second
coil loop 404. The pair of coil loops 402 and 404 is ar-
ranged in a phased array configuration, each of which
receive MR signals from the region of interest corre-
sponding thereto. The first coil loop 402 includes a drive
capacitor 406 and a tuning capacitor 408. The tuning
capacitor 408 has a value selected to resonate the first
coil loop 402 at the operating frequency of the MR sys-
tem. The second coil loop 404 includes a drive capacitor
410 and a tuning capacitor 412. The tuning capacitor 412
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has a value selected to resonate the second coil loop
404 at the operating frequency of the MR system.
[0084] The coil 400 also includes an output line 414
that includes two coaxial cables 416 and 418. The first
coaxial cable 416 is connected at a first end thereof
across the first drive capacitor 406, and the second co-
axial cable 418 is connected at a first end thereof across
the second drive capacitor 410 such that each of the drive
capacitors 406 and 410 is provided with a separate
ground.
[0085] Accordingly, the fourth example of coil 400 also
includes two elements (i.e., first coil loop 402 and second
coil loop 404) and is configured to provide a four channel
output. More specifically, coil 400 is configured to provide
a first channel output representative of the whole loop,
and a second channel output representative of the sad-
dle/butterfly mode. In addition, based on an RF splitter
configuration of the interface device discussed hereinaf-
ter, a third channel output may be provided to obtain a
left loop signal and a fourth channel output may be pro-
vided to obtain a right loop signal. Each of these modes
is discussed in greater detail hereinafter with reference
to FIGS. 15-22.
[0086] The coil 400 also includes a first passive decou-
pling circuit 422 connected across the tuning capacitor
408 of the first coil loop 402, and a second passive de-
coupling circuit 424 connected across the tuning capac-
itor 412 of the second coil loop 404. Each of these de-
coupling circuits 422, 424 includes series connected
back-to-back diodes 426, 430 and an inductor 428, 432.
The passive decoupling circuits 422, 424 are configured
to conduct in response to the higher voltages induced by
the RF excitation field. Accordingly, the passive decou-
pling circuits 422, 424 cause the coil to function as an
open circuit during the RF transmit cycle. It should be
noted that the diode combinations of the passive decou-
pling circuits 422, 424 could also provide the functionality
of an active decoupling diode. Accordingly, although FIG.
12 only shows a pair of passive decoupling circuits 422,
424, it should be apparent to one skilled in the art that
these passive decoupling circuits 422, 424 could be con-
figured as both passive and active decoupling circuits.
[0087] With specific reference to FIGS. 13A and 13B
and continued reference to FIG. 12, a standard plug 434
accommodates the conductors of both cables 416 and
418 of output line 414 at a second end thereof, for in-
stance, the center and shield conductors of each cable
416 and 418. The output line 414 may also be provided
with a handle 436 to allow for easier handling of the int-
racavity probe. The requirement of the output line 414
having an electrical length of SL + n(λ/4) is eliminated in
this example that does not form part of the claimed in-
vention with the addition of an intermediate conduit 438.
The intermediate conduit 438 has an input connector 440
corresponding to and for connection with the plug 434 of
the output line 414, and an output connector 442 for con-
nection to an interface device 500. The intermediate con-
duit 438 also includes a pair of internal cables for con-

necting at one end thereof, respectively, to the coaxial
cables 416 and 418 of the intracavity probe via the input
connector 440 and approximate another end thereof to
the interface device 500 via the output connector 442. A
pair of baluns 444 is also provided. Each of the baluns
444 is interconnected between an end of one of the in-
ternal cables and the input connector 440. It should also
be noted that the pair of baluns 444 could also be con-
nected between the end of one of the internal cables and
the output connector 442 at both the output and input
ends of the intermediate conduit 438. The intermediate
conduit 438 further includes at least one cable trap 446,
and desirably two cable traps 446 as shown in FIG. 13B,
connected thereabout. The cable traps 446 prevent un-
desired current from flowing on the shield conductors of
the pair of internal cables of the intermediate conduits.
The interface device 500 is connected to the MR system
via a cable 448 and a connector 450. The cable 448 may
have a cable trap 452 positioned thereabout.
[0088] Due to the desire for a small, flexible, damage-
resistant intracavity probe, whose design minimizes the
likelihood of any internal componentry protruding through
the balloon-type enclosure in which it is housed, each of
the coils discussed hereinabove may be constructed of
a thin, flexible dielectric material with copper patterns ap-
plied to both sides to form not only the conductive path-
ways but also all of the capacitors required for tuning and
decoupling. Moreover, as each of the coils is intended to
be offered as an integral part of a one-use disposable
intracavity probe, such a fabrication technique will aid in
the goal of realizing substantial savings during the man-
ufacture of the probes. This is because the fabrication
process for "preprinted" coils will involve significantly less
labor and less time to inspect the finished product as
compared to coils made from discrete components.
[0089] The most effective passive decoupling scheme
for the 2-loop endorectal coil disclosed herein is to use
a non-magnetic, pre-packaged set of 4 anti-parallel sili-
con PIN diodes in series with the appropriate inductor to
affect a blocking impedance across each loop’s tuning
capacitor as shown in FIG. 12. However, this is a very
expensive solution for the endorectal coil, as it is intended
to be a "single use" device, to be disposed of after a
single scan procedure.
[0090] In an effort to provide a safe, yet cost effective
method of passive decoupling, an alternate method was
employed for the endorectal coil as shown in FIG. 11.
Passive decoupling circuits 334, 336 comprising a chip
capacitor in series with an inexpensive anti-parallel signal
diode (in this case, for example, the part was a BAV-99)
are connected between the center conductor and shield
of each of the coil’s coaxial cables, on a small PCB that
also mounts the coil’s RF plug 320. The value of the chip
capacitor was chosen so that in combination with the
coaxial cable stub length of 21,59 cm (8.5 inches) (24
degrees at 64MHz), an inductive reactance equal to the
capacitive reactance of the loop’s drive capacitor would
result in a parallel-resonant blocking circuit in the coil
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loop upon diode conduction.
[0091] If the unlikely condition occurs that a patient is
scanned using the endorectal coil without its dedicated
interface device (which provides coil-type detection and
active decoupling bias circuitry), the coil loops will couple
to the scanner’s body transmit coil and generate a small
RF voltage which will propagate from the coil elements
to the signal diodes through the coaxial cable and chip
capacitor. As this voltage rises above the conduction
threshold of the diode pair, they will start to conduct, thus
acting like a resistor in series with the capacitor. This
results in the blocking impedance increasing across the
loop’s drive capacitor, and as a consequence, the loop
current will be diminished. It can be deduced that if in-
crementally more RF power is applied to the loop, that
power will serve to cause the diodes to conduct further,
until they reach full conduction. At this "equilibrium" point,
the loop serves as a voltage source, and most of the
absorbed power is distributed between the loop’s drive
capacitor, the coaxial cable (which serves as a lossy in-
ductance), the decoupling chip capacitor, and the diode
pair.
[0092] Careful testing and implementation of this meth-
od is required using temperature testing of the various
components and the coil loop itself to ensure that the
equilibrium point does not result in any excessive com-
ponent heating or excess SAR generated by the coil loop.
In any event, this method serves as a "second fault" safe-
ty measure, and is anticipated to be a rare occurrence.
[0093] This method also confers a cost advantage in
that the diode pair and the decoupling capacitor are lo-
cated far enough from the imaging region of interest that
commercial components with slightly magnetic proper-
ties are acceptable for use.
[0094] With reference to FIG. 14 and with continuing
reference to FIGS. 12, 13A, and 13B, an embodiment of
an interface device, generally denoted as reference nu-
meral 500, for interfacing the coil 400 with the appropriate
input port(s) of a 1.5T MR system is illustrated.
[0095] The interface device 500 includes preamplifier
networks 502 and 504, power splitter networks 506, 508,
510, and 512, a 180 degree combining network 514, and
a zero degree combining network 516. Attenuators (not
shown) are provided to nominally attenuate the signal
from about 3dB to about 9dB. The attenuators may be
positioned at at least one of the following locations: (a)
between the first preamplifier network 502 and the first
power splitter network 506; (b) between the second
preamplifier network 504 and the second power splitter
network 508; (c) after the first power splitter network 506;
and (d) after the second power splitter network 508. The
power splitter and combining networks may be imple-
mented with standard Wilkinson style designs, and the
preamplifier networks may ideally be realized with 28dB
nominal gain. The preamplifier networks 502 and 504
may be implemented using commercially available min-
iature low-noise, 28dB gain shielded units with a tuned
input circuit designed to present a low impedance (Ω real)

at the Larmor frequency. Close proximity of the pream-
plifier networks 502 and 504 to their respective PIN di-
odes 518, 520 (see FIG. 16) in view of the low impedance
of the former allows some measure of isolation during
the receive cycle from other surface coils (or arrays of
same) used in conjunction with the coil 400. Passive pro-
tection diode networks are included in interface device
500 to prevent excessive RF voltage from damaging the
preamplifier networks 502 and 504 during the RF transmit
pulse should interface device 500 be disconnected while
inside the bore of the MR system during the transmit cy-
cle. These diode networks also provide some decoupling
for the coil in the same scenario.
[0096] The power splitter networks 506 and 508 are
used as 50 ohm/0 degree splitters at the outputs of the
preamplifier networks 502 and 504. The power splitter
networks 510 and 512 are also used as 50 ohm/0 degree
splitters at one output of each of the power splitter net-
works 506 and 508. The other output of each of the power
splitter networks 506 and 508 is sent directly to a cable
trap 522 which directs the output to one of four channels
524, 526, 528, and 530. The two combining networks
514 and 516 are also configured as 50 ohm devices. As
a result, these four networks may be interconnected as
shown by means of four equal-phase length 50 ohm co-
axial cable, PCB stripline, microstrip, or other transmis-
sion line media. In addition, the output of the two com-
bining networks 514 and 516 is provided to a pair of
switching networks 532 and 534 which directs the signal
to the appropriate channel or, optionally, to a 90 degree
hybrid combining network 536 if the scanner or MR sys-
tem is configured to operate in a spectroscopic mode.
[0097] As should be apparent based on the above de-
scription, the endorectal coils disclosed herein include a
two element layout that has been configured to receive
radio frequency (RF) currents from the whole geometry
and, using appropriate splitters and combiners in the in-
terface device, turned into a four channel output device.
More specifically, the two element common conductor
layout disclosed herein can produce two loops or a loop
and saddle combination based on the combiner networks
from the same feedpoints. In addition, both of these
unique field patterns can be obtained separately such
that four (4) unique channels which have unique radiation
patterns associated with the RF current distribution can
be obtained. It is apparent to one of ordinary skill in the
art that one can extend this by creating various other
phase combination networks and get useful signal in ad-
dition to the above mentioned as well. There are numer-
ous possibilities to get various different field patterns
based on the splitter-combiner networks and achieve
more than 2 (3, 4, 6, 8, etc.) individual channel outputs.
It is also possible to extend this theory to more than two
elements and achieve the same advantage of increased
channel output, which has been demonstrated to yield
superior SNR than merely the two element contribution.
[0098] It is also apparent, given the greater number of
receivers available in current MR scanners, that coil lay-
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outs having a smaller number of imaging elements can
be built with the disclosed technology to take advantage
of those fewer imaging elements to create imaging sys-
tems having a greater number of channels, thereby lead-
ing to lower costs. For example, a current 16 element
coil layout utilizes 16 preamplifiers in the interface device
even for an 8 channel multiplexed or combined output.
By utilizing the theory of the present invention, a coil hav-
ing a 16 element coil element involves utilizing only 8
preamplifiers to obtain a 16 channel output. This would
significantly contribute to less complex circuitry because
half the number of preamplifiers and associated circuitry
are required; better cable management because half the
number of RF cables are required to be managed; less
expensive to make; easier to fabricate and tune, yet with
maximized performance for the region of interest select-
ed. In addition, such coil layouts provide increased depth
of penetration over current coils because it is well known
in the art that larger loops lead to a greater depth of pen-
etration.
[0099] Having set forth the components of the present
invention, the operation of coil 400 and interface device
500 in various modes will be discussed hereinafter with
reference to FIGS. 13-19. Although the following descrip-
tion is based on the coil 400 illustrated in FIG. 12, this
description is equally applicable to the examples of the
coil that do not form part of the claimed invention illus-
trated in FIGS. 6, 7, and 11 as well.

Left Loop mode

[0100] With reference to FIGS. 15 and 16A-16C, the
operation of coil 400 and interface device 500 when in
Left Loop mode will now be described. During transmit
mode, PIN diode 518 is turned on by a signal from a PIN
diode bias 538 (see FIG. 16C). This PIN diode 518 pro-
vides an RF short circuit to ground, which is reflected as
an open circuit at coaxial cable 416. Accordingly, first coil
loop 402 is isolated and shown in phantom in FIG. 15.
[0101] As shown in FIG. 15, during the receive cycle,
current will only be seen as flowing through the second
coil loop 404 due to the PIN diode 518 acting as an RF
"open" to help in isolating the first coil loop 402. Accord-
ingly, current flows in the second coil loop 404 as shown
by arrow ILL, as shown in FIG. 15.
[0102] With reference to FIGS. 16A-16C, the manner
in which interface device 500 processes the voltage sig-
nals received from coaxial cable 418 is now described.
The signal from the drive capacitor 410 is first sent
through preamplifier network 504, which amplifies the
voltage signal and passes the resulting amplified version
to power splitter network 508. One of the outputs of the
power splitter 508 is provided to a second power splitter
network 512 and the other output is sent to the cable trap
522. The cable trap 522 sends this signal to the fourth
output channel 530 representing the left loop signal.
[0103] The flow of current through interface device 500
when in Left Loop mode is shown by arrow ILL in FIGS.

16A-16C.

Right Loop mode

[0104] With reference to FIGS. 17 and 18A-18C, the
operation of coil 400 and interface device 500 when in
Right Loop mode will now be described. During transmit
mode, PIN diode 520 is turned on by a signal from a PIN
diode bias 538 (see FIG. 18C). This PIN diode 520 pro-
vides an RF short circuit to ground, which is reflected as
an open circuit at coaxial cable 418. Accordingly, second
coil loop 404 is isolated and shown in phantom in FIG. 17.
[0105] As shown in FIG. 17, during the receive cycle,
current will only be seen as flowing through the first coil
loop 402 due to the PIN diode 520 acting as an RF "open"
to help in isolating the second coil loop 404. Accordingly,
current flows in the first coil loop 402 as shown by arrow
IRL, as shown in FIG. 17.
[0106] With reference to FIGS. 18A-18C, the manner
in which interface device 500 processes the voltage sig-
nals received from coaxial cable 416 is now described.
The signal from the drive capacitor 406 is first sent
through preamplifier network 502, which amplifies the
voltage signal and passes the resulting amplified version
to power splitter network 506. One of the outputs of the
power splitter 506 is provided to a second power splitter
network 510 and the other output is sent to the cable trap
522. The cable trap 522 sends this signal to the third
output channel 528 representing the right loop signal.
[0107] The flow of current through interface device 500
when in Right Loop mode is shown by arrow IRL in FIGS.
18A-18C.

Right Loop and Left Loop or LL mode

[0108] The operation of coil 400 and interface device
500 when in LL mode, will now be described. During the
receive cycle, when operating in LL mode, coil 400 op-
erates in the same manner as described hereinabove for
both the Right Loop and Left Loop modes. However, in-
terface device 500 functions in a slightly different manner.
Instead of turning on one of PIN diodes 518 and 520 by
a signal from a PIN diode bias 538, both of these PIN
diodes 518 and 520 remain off such that both a Right
Loop signal and Left Loop signal, as described herein-
above, are provided to the third output channel 528 and
the fourth output channel 530, respectively. Accordingly,
a 2-channel signal is provided to the host scanner.

Whole Loop mode

[0109] With reference to FIGS. 19 and 20A-20C, dur-
ing the receive cycle, the current induced by the vertically
oriented MR signals within an outer loop of coil 400 can
be represented by IWL, as it is the signal current shown
flowing into and out of the loop.
[0110] In this configuration, as the current IWL flows
through the first coil loop 402 and the second coil loop
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404, no current is seen flowing through the right edge of
the second coil loop 404 and the left edge of the first coil
loop 402. Accordingly, the right edge of the second coil
loop 404 and the left edge of the first coil loop 402 act as
an open circuit relative to the current flowing in the outer
loop shown by arrows IWL. Therefore, the right edge of
the second coil loop 404 and the left edge of the first coil
loop 402 are illustrated in FIG. 19 in phantom.
[0111] Having completed discussion of the manner in
which current flows through coil 400 during a receive cy-
cle when in Whole Loop mode, a description of the op-
eration of interface device 500 during the receive cycle
of the MR system when in Whole Loop mode will now be
described with specific reference to FIGS. 20A-20C. Coil
400 outputs voltage signals representative of MR signals
of both horizontal and vertical orientation. For ease of
description, the voltage signals representative of the MR
signals of horizontal orientation are referred to herein as
"0 degree horizontal voltage signals" because they have
the same phase at each port. The voltage signals repre-
sentative of the MR signals of vertical orientation are re-
ferred to as "0 degree vertical voltage signals" for those
output across the drive capacitor 406 of the first coil loop
402, and "180 degree vertical voltage signals" for those
output from the drive capacitor 410 of the second coil
loop 404.
[0112] With continued reference to FIGS. 20A-20C,
the manner in which interface device 500 processes the
voltage signals received from output cables 416 and 418
is now described. Preamplifier networks 502 and 504
each amplify the voltage signals they receive and pass
the resulting amplified versions to first and second power
splitter networks 506 and 508, respectively. The signals
from the first and second power splitter networks 506 and
508 are then sent to third and fourth power splitter net-
works 510 and 512 such that the signals produced there-
by are subsequently sent to the 0 degree combining net-
work 516. Because the horizontal voltage signals re-
ceived from power splitter networks 506 and 508 are in
phase, zero degree combining network 516 is able to
constructively combine them. Simultaneously, zero de-
gree combining network 516 also cancels the 90 degree
vertical voltage signals received from power splitter net-
work 506 with the -90 degree vertical voltage signals re-
ceived from power splitter network 508. This yields a
whole loop signal that is fed through switching network
534 to cable trap 522. Cable trap 522 directs the signal
to the second output channel 526. The flow of current
through interface device 500 when in Whole Loop mode
is shown by arrows IWL in FIGS. 20A-20C.

Whole Saddle mode

[0113] With reference to FIGS. 21 and 22A-22C, the
operation of coil 400 and interface device 500 when in
Whole Saddle mode will now be described. As shown in
FIG. 21, during the receive cycle, coil 400 is also capable
of emulating a butterfly-type or saddle-type coil for de-

tecting MR signals oriented parallel to the plane of coil
400. The tuning scheme of coil 400 allows for a simple
loop current path for an outer loop as discussed herein-
above with reference to the Whole Loop mode but also
alternative current paths, involving counter-rotating cur-
rents, for the outer loop, the right edge of the second coil
loop 404, and the left edge of the first coil loop 402 in
various combinations. One of these combinations is the
Whole Saddle mode as shown in FIG. 21. The flow of
current through the coil in Whole Saddle mode is illus-
trated by arrows ISL in FIG. 21.
[0114] Accordingly, although not physically formed by
twisting a conductive loop in the middle to form two sub-
loops about a midpoint as is the case with prior art saddle
coils, such as the coil illustrated in FIG. 2A, the coil struc-
ture of the present invention, nevertheless electrically
emulates the operation of a saddle coil.
[0115] The phase of the "vertical" voltage signals de-
tectable across the drive capacitor 406 of first coil loop
402 at the first coaxial cable 416 is 180 degrees out of
phase with the "vertical" voltage signals detectable
across the drive capacitor 410 of the second coil loop
404 at the second coaxial cable 418. The significance of
this 180 degree phase differential becomes apparent in
connection with the operation of interface device 500 dis-
cussed below.
[0116] Having completed discussion of the manner in
which current flows through coil 400 during a receive cy-
cle when in Whole Saddle mode, a description of the
operation of interface device 500 during the receive cycle
of the MR system when in Whole Saddle mode will now
be described with specific reference to FIGS. 22A-22C.
Coil 400 outputs voltage signals representative of MR
signals of both horizontal and vertical orientation.
[0117] The manner in which interface device 500 proc-
esses the voltage signals received from the first and sec-
ond coaxial cables 416 and 418 is now described. The
preamplifier networks 502 and 504 each amplify the volt-
age signals they receive and pass the resulting amplified
versions to the first and second power splitter networks
506 and 508, respectively. The signals from the first and
second power splitter networks 506 and 508 are then
sent to third and fourth power splitter networks 510 and
512 such that the signals produced thereby are subse-
quently sent to the 180 degree combining network 514.
Because the vertical voltage signals received from power
splitter networks 510 and 512 are out of phase by 180
degrees, 180 degree combining network 514 is able to
constructively combine them. 180 degree combining net-
work 514 cancels the horizontal voltage signals received
from power splitter network 510 with the horizontal volt-
age signals received from power splitter network 512 be-
cause they are received in phase. This yields a saddle
loop signal that is fed through switching network 532 to
cable trap 522. Cable trap 522 directs the signal to the
first output channel 524. The flow of current through in-
terface device 500 when in Saddle mode is shown by
arrows ISL in FIGS. 22A-22C.
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Whole Loop and Whole Saddle mode

[0118] The operation of coil 400 and interface device
500 when in Whole Loop and Whole Saddle mode, will
now be described. During the receive cycle, when oper-
ating in Whole Loop and Whole Saddle mode, coil 400
operates in the same manner as described hereinabove
for both the Whole Loop and Whole Saddle modes. How-
ever, interface device 500 functions in a slightly different
manner. Instead of ignoring the output of the first channel
524 as in the Whole Loop mode or ignoring the output of
the second channel 526 as in the Whole Saddle mode,
a 2-channel signal is provided to the host scanner rep-
resenting both the Whole Loop and the Whole Saddle
signal, as described hereinabove, and is provided to the
third output channel 528 and the fourth output channel
530, respectively. Accordingly, a 2-channel signal is pro-
vided to the host scanner.

Right Loop, Left Loop, Whole Loop, Whole Saddle or 
LLLS mode

[0119] The operation of coil 400 and interface device
500 when in Right Loop, Left Loop, Whole Loop, Whole
Saddle, or LLLS mode, will now be described. During the
receive cycle, when operating in LLLS mode, coil 400
operates in the same manner as described hereinabove
for each of the Right Loop, Left Loop, Whole Loop, and
Whole Saddle modes. In addition, the interface device
500 is configured to provide each of these signals to the
host scanner such that a 4-channel output is provided to
the host scanner of the MR system.

Loop/Saddle Spectroscopy mode

[0120] The operation of coil 400 and interface device
500 when in Loop/Saddle Spectroscopy mode, will now
be described. During the receive cycle, when operating
in Whole Loop and Whole Saddle modes, coil 400 oper-
ates in the same manner as described hereinabove for
both the Whole Loop and Whole Saddle modes. Howev-
er, interface device 500 functions in a slightly different
manner. The manner in which interface device 500 proc-
esses the voltage signals received from output cables
416 and 418 when in Loop/Saddle Spectroscopy mode
is now described. Preamplifier networks 502 and 504
each amplify the voltage signals they receive and pass
the resulting amplified versions to first and second power
splitter networks 506 and 508, respectively. The signals
from the first and second power splitter networks 506 and
508 are then sent to third and fourth power splitter net-
works 510 and 512 such that the signals produced there-
by are subsequently sent to the 0 degree combining net-
work 516 and the 180 degree combining network 514.
The signals from the combining networks 514 and 516
are then fed through switching networks 532 and 534.
The switching networks 532 and 534 direct the signals
to the 90 degree combining network 536, the output of

which is sent to the cable trap 522. Cable trap 522 directs
the signal to the first output channel 524.
[0121] While interface device 500 was described here-
inabove as being used with coil 400, interface device 500
could be used with any of coils 100, 200, and 300 to yield
the above described modes.
[0122] Accordingly, the present invention allows for a
two element coil layout, such as coils 100, 200, 300, and
400, that can produce two loops or a whole loop and
whole saddle combination based on the power splitter
and combiner networks provided in the interface device
500. In addition, these unique field patterns can be ob-
tained separately to provide four unique channels which
have unique radiation patterns. In addition, various steps
have been taken to reduce ghosting artifacts while still
achieving a high signal-to-noise ratio. With reference to
FIG. 23, a graph illustrating the signal-to-noise ratio of
various coils discussed hereinabove is provided. The cur-
rent prior art coil, such as the coil illustrated in FIG. 1A,
provides the lowest signal-to-noise ratio as shown by line
600. While the common conductor design of the coil 100
of FIG. 6 shows an improved signal-to-noise ratio as
shown by line 610, this increase was not as high as de-
sired. Accordingly, the design for coil 400 of FIG. 12 was
reached and provided a much higher signal-to-noise ratio
as shown by line 620. However, ghosting artifacts were
produced in images created by this coil. Accordingly, it
was discovered that reducing the preamplifier power sup-
ply from 10V to 5V would reduce the ghosting artifacts.
While this slightly reduces the signal-to-noise ratio
achieved by the coil, it still has a higher signal-to-noise
ratio than both the conventional coil and the common
conductor coil 100 as shown by line 630.
[0123] Although the invention has been described in
detail for the purpose of illustration based on what is cur-
rently considered to be the most practical and preferred
embodiments, it is to be understood that such detail is
solely for that purpose and that the invention is not limited
to the disclosed embodiments, but, on the contrary, is
intended to cover modifications and equivalent arrange-
ments as long as they fall within the scope of the append-
ed set of claims. For example, it is to be understood that
the present invention contemplates that, to the extent
possible, one or more features of any embodiment can
be combined with one or more features of any other em-
bodiment.
[0124] Accordingly, to promote the progress of science
and the useful arts, the inventor(s) hereby secure by Let-
ters Patent exclusive rights to all subject matter em-
braced by the following claims for the time prescribed by
the Patent Act.

Claims

1. A coil (300, 400) for use with a magnetic resonance
system for obtaining images of a region of interest,
the coil comprising:
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(a) a pair of coil loops (402, 404) arranged in a
phased array configuration each of which re-
ceives magnetic resonance signals from the re-
gion of interest corresponding thereto, each of
the coil loops having a drive capacitor (406, 410)
and a tuning capacitor (408, 412) with the tuning
capacitor having a value selected to resonate
the coil loop corresponding thereto at an oper-
ating frequency of the magnetic resonance sys-
tem;
(b) a spacer material comprising a first spacer
material strip (224), a second spacer material
strip (220) and a third spacer material strip (222),
wherein said spacer materials strips are posi-
tioned adjacent to an anterior surface of the coil,
wherein the first spacer material strip (224) is
positioned at the outside of a first coil loop (402)
opposite overlapped portions of the pair coil
loops, wherein the third spacer material strip
(220) is positioned adjacent at the outside of a
second coil loop opposite overlapped portions
of the pair of coil loops, and wherein the second
spacer material strip (222) is positioned be-
tween the first spacer material strip (224) and
the third spacer material strip (220) over over-
lapping portions of the first coil loop (402) and
the second coil loop (404), the first spacer ma-
terial strip (224) and the third spacer material
strip (220) having a first thickness (h1) and the
second spacer material (222) having a second
thickness (h2) that is greater than the first thick-
ness such that the spacer material enables a
predetermined distance of between about
0.762mm, corresponding to 0.03 inches, and
about 1.524mm, corresponding to 0.06 inches,
to exist between

the pair of coil loops and the region of interest and
thereby is configured to:

(i) reduce intensity of the magnetic resonance
signals in proximity of the coil loops;
(ii) maintain a signal-to-noise ratio at a depth
within the region of interest appropriate to re-
construct the images of the region of interest;
and
(iii) reduce artifacts in the images inclusive of
the Gibbs artefact; and

a pair of output cables (416, 418) each of which is
connected at a first end thereof across the drive ca-
pacitor (406, 408) of one of said first (402) and sec-
ond (404) coil loops such that each of the drive ca-
pacitors is provided with a separate ground,
wherein the phased array configuration requires the
pair of coil loops to be arranged in a hybrid overlap
configuration wherein at least a portion of each of
the coil loops is overlapped and the coil loops share

a common conductor, and
wherein the phased array configuration of the pair
of coil loops is configured to receive radio frequency
(RF) currents and transmit the RF currents through
the pair of output cables (416, 418) to an interface
device (500) to produce four channel outputs
(524-530), thereby allowing the magnetic resonance
system to produce images in a plurality of different
modes and wherein the four channel outputs are:

a first output (528) representative of current (IRL)
circulating in the first coil loop (402);
a second output (530) representative of current
(ILL) circulating in the second coil loop (404);
a third output (526) representative of current
(ISL) circulating in both said first (402) and sec-
ond coil (404) loops such that the coil electrically
emulates operation of a saddle coil; and
a fourth output (524) representative of current
(IWL) circulating in both said first (402) and sec-
ond (404) coil loops in non-overlapping portions
of said first and second coil loops such that the
current path forms a single loop.

2. The coil of claim 1, further comprising an intermedi-
ate conduit (438) having:

(a) an input connector (440);
(b) an output connector (442);
(c) a pair of internal cables for connecting at one
end thereof, respectively, to the output cables
(416, 418) of the coil (400) via the input connec-
tor (440) and approximate another end thereof
to an interface device (500) for the coil via the
output connector (442);
(d) a pair of baluns (444) each of which is inter-
connected between an end of one of the internal
cables and at least one of the input connector
and the output connector; and
(e) at least one cable trap (446) connected there-
about.

3. The coil of claim 1 or 2, wherein a passive decoupling
circuit (334, 336) is provided at a second end of each
of the output cables (416, 418).

4. The coil of claim 3, wherein each of the passive de-
coupling circuits (334, 336) comprises series con-
nected back-to-back diodes (338, 342) and a reac-
tance component (.

5. The coil of any preceding claim, further comprising
a pair of decoupling circuits (322, 324) each of which
connected across the tuning capacitor of one of the
coil loops.

6. An intracavity probe (60) for use with a magnetic
resonance system for obtaining images of a region
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of interest within a cavity of a patient, the intracavity
probe comprising:

(a) a coil (300, 400) according to claims 1 to 4;
and
(b) a pair of decoupling circuits (332, 324) each
of which is connected across the tuning capac-
itor of one of the coil loops.

7. An interface device (500) for interfacing the coil (300,
400) as defined in any of claims 1 to 5 with a magnetic
resonance system, the interface device (500) com-
prising:

(a) a first preamplifier (502) for receiving a signal
from the first coil loop (402) of the pair of coil
loops to produce a first amplified signal;
(b) a second preamplifier (504) for receiving a
signal from the second coil loop (404) of the pair
of coil loops to produce a second amplified sig-
nal;
(c) a first splitter (506) operatively connected to
the first preamplifier (502) for dividing the first
amplified signal into a first loop signal represent-
ative of current (IRL) circulating in the first coil
loop that is provided as the first output (528),
and a first composite signal;
(d) a second splitter (508) operatively connected
to the second preamplifier for dividing the first
amplified signal into a second loop signal rep-
resentative of current (ILL) circulating in the sec-
ond coil loop that is provided as the second out-
put (530), and a second composite signal;
(e) a third splitter (510) operatively connected
to the first splitter (506) for dividing the first com-
posite signal;
(f) a fourth splitter (512) operatively connected
to the second splitter (508) for dividing the sec-
ond composite signal;
(g) a zero degree combiner (516) operatively
connected to the third splitter (510) and the
fourth splitter (512) for combining signals re-
ceived therefrom to produce a signal that is rep-
resentative of current (ISL) circulating in both
said first (402) and second (404) coil loops such
that the coil electrically emulates operation of a
saddle coil, wherein said signal is provided as
the third output (524); and
(h) a 180 degree combiner operatively connect-
ed to the third splitter and the fourth splitter for
combining signals received therefrom to pro-
duce a signal representative of current (IWL) cir-
culating in both said first (402) and second (404)
coil loops in non-overlapping portions of said first
and second coil loops such that the current path
forms a single loop, wherein said signal is

provided as the fourth output (526),

wherein the interface device (500) is configured to
selectively provide each of the first, second, third and
fourth outputs, thereby allowing the magnetic reso-
nance system coupled to the interface device (500)
to produce images in a plurality of different modes.

8. The interface device of claim 7, wherein the first
preamplifier (502) and the second preamplifier (504)
are provided with a predetermined reduced supply
voltage as compared to a rated supply voltage of the
first preamplifier and the second preamplifier.

9. The interface device of claim 7 or 8, further compris-
ing at least one attenuator providing an attenuation
nominally in the range of 3dB to 6dB, the at least one
attenuator positioned at at least one of:

(a) between the first preamplifier (502) and the
first splitter (506);
(b) between the second preamplifier (504) and
the second splitter (508);
(c) after the first splitter (506); and
(d) after the second splitter (508).

10. A system for obtaining images of a region of interest,
the system comprising:

(a) an intracavity probe (60) comprising:

(i) a coil in accordance with any of claims 1
to 4; and

(b) an interface device (500) according to any
of claims 7 to 9.

11. The system of claim 10, wherein the intracavity probe
(60) further comprises a pair of decoupling circuits
each of which is connected across the tuning capac-
itor of one of the coil loops.

Patentansprüche

1. Eine Spule (300, 400) zur Verwendung mit einem
Magnetresonanzsystem zum Erhalten von Bildern
eines interessierenden Bereichs, wobei die Spule
umfasst:

(a) ein Paar von in einer Phased-Array-Konfigu-
ration angeordneten Spulenschleifen (402,
4040), von denen jede Magnetresonanzsignale
von dem dazu korrespondierenden interessie-
renden Bereich empfängt, wobei jede der Spu-
lenschleifen einen Ansteuerkondensator (406,
410) und einen Abstimmkondensator (408, 412)
aufweist, wobei der Abstimmkondensator einen
Wert aufweist, der ausgewählt ist, um die dazu
korrespondierende Spulenschleife bei einer Be-
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triebsfrequenz des Magnetresonanzsystems in
Resonanz zu bringen; und
(b) ein Abstandsmaterial, das einen ersten Ab-
standsmaterialstreifen (224), einen zweiten Ab-
standsmaterialstreifen (220) und einen dritten
Abstandsmaterialstreifen (222) umfasst, wobei
die Abstandsmaterialienstreifen angrenzend an
eine Vorderfläche der Spule positioniert sind,
wobei der erste Abstandsmaterialstreifen (224)
an der Außenseite einer ersten Spulenschleife
(402) gegenüber überlappenden Abschnitten
des Paars von Spulenschleifen positioniert ist,
wobei der dritte Abstandsmaterialstreifen (220)
angrenzend an der Außenseite einer zweiten
Spulenschleife gegenüber überlappenden Ab-
schnitten des Paars von Spulenschleifen posi-
tioniert ist, und wobei der zweite Abstandsma-
terialstreifen (222) zwischen dem ersten Ab-
standsmaterialstreifen (224) und dem dritten
Abstandsmaterialstreifen (220) über überlap-
penden Bereichen der ersten Spulenschleife
(402) und der zweiten Spulenschleife (404) po-
sitioniert ist, wobei der erste Abstandsmaterial-
streifen (224) und der dritte Abstandsmaterial-
streifen (220) eine erste Dicke (h1) aufweisen
und das zweite Abstandsmaterial (222) eine
zweite Dicke (h2) aufweist, die größer als die
erste Dicke ist, so dass das Abstandsmaterial
es ermöglicht, dass ein vorbestimmter Abstand
zwischen etwa 0.762mm, korrespondierend zu
0.03 Zoll, und etwa 1.524mm, korrespondierend
zu 0.06 Zoll, zwischen dem Paar von Spulen-
schleifen und dem interessierenden Bereich
vorliegt, und somit konfiguriert ist, um:

(i) eine Intensität der Magnetresonanzsig-
nale in der Nähe der Spulenschleifen zu re-
duzieren;
(ii) ein Signalrauschverhältnis in einer Tiefe
innerhalb des interessierenden Bereichs
geeignet aufrechtzuerhalten, um die Bilder
des interessierenden Bereichs zu rekonst-
ruieren; und
(iii) Artefakte in den Bildern, einschließlich
des Gibbs-Artefakts, zu reduzieren; und

ein Paar von Ausgangskabeln (416, 418), die
jeweils an einem erste Ende davon über den
Ansteuerkondensator (406, 408) einer der ers-
ten (402) und zweiten (404) Spulenschleifen
verbunden sind, so dass jeder der Ansteuerkon-
densatoren mit einer separaten Masse verse-
hen ist,
wobei die Phased-Array-Konfiguration erfor-
dert, dass das Paar von Spulenschleifen in einer
hybriden Überlappungskonfiguration anzuord-
nen sind, wobei zumindest ein Abschnitt jeder
der Spulenschleifen überlappt ist und sich die

Spulenschleifen einen gemeinsamen Leiter tei-
len, und
wobei die Phased-Array-Konfiguration des
Paars von Spulenschleifen dazu konfiguriert ist,
Hochfrequenz(RF)-Ströme zu empfangen und
die RF-Ströme durch das Paar von Ausgangs-
kabeln (416, 418) zu einer Schnittstellenvorrich-
tung (500) zu übertragen, um vier Kanalausgän-
ge zu erzeugen (524-530), wodurch es dem Ma-
gnetresonanzsystem möglich ist, Bilder in meh-
reren verschiedenen Modi zu erzeugen, und wo-
bei die vier Kanalausgänge sind:

ein erster Ausgang (528), repräsentativ für
einen Strom (IRL), der in der ersten Spulen-
schleife (402) zirkuliert;
ein zweiter Ausgang (530), repräsentativ für
einen Strom (ILL), der in der zweiten Spu-
lenschleife (404) zirkuliert;
ein dritter Ausgang (526), repräsentativ für
einen Strom (ISL), der sowohl in der ersten
(402) als auch derzweiten (404) Spulen-
schleife zirkuliert, so dass die Spule einen
Betrieb einer Sattelspule elektrisch nachbil-
det; und
ein vierter Ausgang (524), repräsentativ für
einen Strom (IWL), der sowohl in der ersten
(402) als auch in der zweiten (404) Spulen-
schleife in nicht-überlappenden Abschnit-
ten der ersten und zweiten Spulenschleife
zirkuliert, so dass der Strompfad eine ein-
zelne Schleife ausbildet.

2. Die Spule nach Anspruch 1, ferner umfassend eine
Zwischenleitung (438), aufweisend:

(a) einen Eingangskonnektor (440);
(b) einen Ausgangskonnektor (442);
(c) ein Paar von internen Kabeln, um ihr jeweils
eines Ende über den Eingangskonnektor (440)
mit den Ausgangskabeln (416, 418) der Spule
(400) zu verbinden und ein anderes Ende davon
über den Ausgangskonnektor (442) einer
Schnittstellenvorrichtung (500) für die Spule an-
zunähern;
(d) ein Paar von Baluns (444), von denen jeder
zwischen einem Ende eines der internen Kabel
und zumindest einem von dem Eingangskon-
nektor und dem Ausgangskonnektor verbunden
ist; und
(e) mindestens eine daran angeschlossene Ka-
belfalle (446).

3. Die Spule nach Anspruch 1 oder 2, wobei eine pas-
sive Entkopplungsschaltung (334, 336) an einem
zweiten Ende jedes der Ausgangskabel (416, 418)
vorgesehen ist.
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4. Die Spule nach Anspruch 3, wobei jede der passiven
Entkopplungsschaltungen (334, 336) in Serie ver-
bundene Back-to-Back-Dioden (338, 342) und eine
Reaktanzkomponente (umfasst.

5. Die Spule nach einem der vorhergehenden Ansprü-
che, ferner umfassend ein Paar von Entkopplungs-
schaltungen (322, 324), die jeweils über den Ab-
stimmkondensator einer der Spulenschleifen ver-
bunden sind.

6. Eine Hohlraumsonde (60) zur Verwendung mit ei-
nem Magnetresonanzsystem zum Erhalten von Bil-
dern eines interessierenden Bereichs innerhalb ei-
nes Hohlraums eines Patienten, wobei die Hohl-
raumsonde umfasst:

(a) eine Spule (300, 400) gemäß den Ansprü-
chen 1 bis 4; und
(b) ein Paar von Entkopplungsschaltungen
(332, 324), die jeweils über den Abstimmkon-
densator einer der Spulenschleifen verbunden
sind.

7. Eine Schnittstellenvorrichtung (500) zum Verbinden
der Spule (300, 400), wie in einem der Ansprüche 1
bis 5 definiert, mit einem Magnetresonanzsystem,
wobei die Schnittstellenvorrichtung (500) umfasst:

(a) einen ersten Vorverstärker (502) zum Emp-
fangen eines Signals von der ersten Spulen-
schleife (402) des Paars von Spulenschleifen,
um ein erstes verstärktes Signal zu erzeugen;
(b) einen zweiten Vorverstärker (504) zum Emp-
fangen eines Signals von der zweiten Spulen-
schleife (404) des Paars von Spulenschleifen,
um ein zweites verstärktes Signal zu erzeugen;
(c) einen ersten Teiler (506), der operativ mit
dem ersten Vorverstärker (502) zum Teilen des
ersten verstärkten Signals in ein erstes Schlei-
fensignal, repräsentativ für einen Strom (IRL),
der in der ersten Spulenschleife zirkuliert, das
als der erste Ausgang (528) bereitgestellt wird,
und ein erstes zusammengesetztes Signal ver-
bunden ist;
(d) einen zweiten Teiler (508), der operativ mit
dem zweiten Vorverstärker zum Teilen des ers-
ten verstärkten Signals in ein zweites Schleifen-
signal, repräsentativ für einen Strom (ILL), der
in der zweiten Spulenschleife zirkuliert, das als
der zweite Ausgang (530) bereitgestellt wird,
und ein zweites zusammengesetztes Signal
verbunden ist;
(e) einen dritten Teiler (510), der operativ mit
dem ersten Teiler (506) zum Teilen des ersten
zusammengesetzten Signals verbunden ist;
(f) einen vierten Teiler (512), der operativ mit
dem zweiten Teiler (508) zum Teilen des zwei-

ten zusammengesetzten Signals verbunden ist;
(g) einen Null-Grad-Kombinator (516), der ope-
rativ mit dem dritten Teiler (510) und dem vierten
Teiler (512) zum Kombinieren von davon emp-
fangenen Signalen verbunden ist, um ein Sig-
nal, das repräsentativ für einen Strom (ISL) ist,
der sowohl in der ersten (402) als auch in der
zweiten (404) Spulenschleife zirkuliert, so dass
die Spule einen Betrieb einer Sattelspule elek-
trisch nachbildet, zu erzeugen, wobei das Signal
als der dritte Ausgang (524) bereitgestellt wird;
und
(h) einen 180-Grad-Kombinator, der operativ mit
dem dritten Teiler und dem vierten Teiler zum
Kombinieren von davon empfangenen Signalen
verbunden ist, um ein Signal, repräsentativ für
einen Strom (IWL), der sowohl in der ersten (402)
als auch in der zweiten (404) Spulenschleife in
nicht-überlappenden Abschnitten der ersten
und zweiten Spulenschleife zirkuliert, so dass
der Strompfad eine einzelne Schleife ausbildet,
zu erzeugen, wobei das Signal als der vierte
Ausgang (526) bereitgestellt wird,

wobei die Schnittstellenvorrichtung (500) dazu kon-
figuriert ist, wahlweise jeden der ersten, zweiten, drit-
ten und vierten Ausgänge bereitzustellen, wodurch
es dem mit der Schnittstellenvorrichtung (500) ver-
bundenen Magnetresonanzsystem möglich ist, Bil-
der in mehreren unterschiedlichen Modi zu erzeu-
gen.

8. Die Schnittstellenvorrichtung nach Anspruch 7, wo-
bei der erste Vorverstärker (502) und der zweite Vor-
verstärker (504) mit einer im Vergleich zu einer
Nenn-Versorgungsspannung des ersten Vorverstär-
kers und des zweiten Vorverstärker reduzierten Ver-
sorgungsspannung versorgt werden.

9. Die Schnittstellenvorrichtung nach Anspruch 7 oder
8, ferner umfassend zumindest ein Dämpfungsglied,
das eine Dämpfung im Bereich von nominal 3dB bis
6dB aufweist, wobei das zumindest eine Dämp-
fungsglied zumindest an einer der folgenden Positi-
onen angeordnet ist:

(a) zwischen dem ersten Vorverstärker (502)
und dem ersten Teiler (506);
(b) zwischen dem zweiten Vorverstärker (504)
und dem zweiten Teiler (508);
(c) nach dem ersten Teiler (506); und
(d) nach dem zweiten Teiler (508).

10. Ein System zum Erhalten von Bildern eines interes-
sierenden Bereichs, wobei das System umfasst:

(a) eine Hohlraumsonde (60), umfassend:
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(i) eine Spule gemäß einem der Ansprüche
1 bis 4; und

(b) eine Schnittstellenvorrichtung (500) gemäß
einem der Ansprüche 7 bis 9.

11. Das System nach Anspruch 10, wobei die Hohlraum-
sonde (60) ferner ein Paar von Entkopplungsschal-
tungen umfasst, die jeweils über den Abstimmkon-
densator einer der Spulenspulenschleifen verbun-
den sind.

Revendications

1. Bobine (300, 400) destinée à être utilisée dans un
système à résonance magnétique pour l’obtention
d’images d’une région d’intérêt, la bobine
comprenant :

(a) une paire de boucles à bobine (402, 404)
disposée une configuration matricielle à phase,
chacune recevant des signaux de résonance
magnétique en provenance de la région d’intérêt
y correspondant, chacune des boucles à bobine
présentant une capacitance d’entraînement
(406, 410) et une capacitance de réglage (408,
412), la capacitance de réglage présentant une
valeur choisie pour faire résonner la boucle à
bobine y correspondante à une fréquence opé-
rationnelle du système à résonance
magnétique ;
(b) un matériau d’espacement comprenant une
première bande de matériau d’espacement
(224), une deuxième bande de matériau d’es-
pacement (220) et une troisième bande de ma-
tériau d’espacement (222), selon lequel les ban-
des de matériau d’espacement sont position-
nées de manière adjacente à une surface anté-
rieure de la bobine, selon lequel la première ban-
de de matériau d’espacement (224) est position-
née en dehors d’une première boucle à bobine
(402) à l’opposé de parties se chevauchant de
la paire de boucles à bobine, selon lequel la troi-
sième bande de matériau d’espacement (220)
est positionnée de manière adjacente en dehors
d’une deuxième boucle à bobine à l’opposé de
parties se chevauchant de la paire de boucles
à bobine, et selon lequel la deuxième bande de
matériau d’espacement (222) est positionnée
entre la première bande de matériau d’espace-
ment (224) et la troisième bande de matériau
d’espacement (220) sur des parties se chevau-
chant de la première boucle à bobine (402) et
la deuxième boucle à bobine (404), la première
bande de matériau d’espacement (224) et la troi-
sième bande de matériau d’espacement (220)
présentant une première épaisseur (h1) et le

deuxième matériau d’espacement (222) pré-
sentant une deuxième épaisseur (h2) qui est su-
périeure à la première épaisseur de sorte que
le matériau d’espacement permet l’existence
d’une distance prédéterminée d’entre environ
0,762 mm, correspondant à 0,03 pouces, et en-
viron 1,524 mm, correspondant à 0,06 pouces,
entre la paire de boucles à bobine et la région
d’intérêt et ainsi est configuré pour :

(i) réduire l’intensité des signaux de réso-
nance magnétique à proximité des boucles
à bobine ;
(ii) maintenir un rapport de signal/bruit à une
profondeur dans la région d’intérêt appro-
prié à la reconstruction des images de la
région d’intérêt ; et
(iii) réduire des artefacts dans les images y
compris dans les phénomènes de Gibbs ; et
une paire de câbles de sortie (416, 418),
chacun étant connecté à une première ex-
trémité de celui-ci à travers la capacitance
d’entraînement (406, 408) de l’une des dites
première (402) et deuxième (404) boucles
à bobine de sorte que chacune des capaci-
tances d’entraînement est fournie d’une mi-
se à terre séparée,
selon laquelle la configuration matricielle à
phase nécessite que la paire de boucles à
bobine soient disposées selon une configu-
ration de chevauchement hybride selon la-
quelle au moins une partie de chacune des
boucles à bobine se situe en chevauche-
ment et les boucles à bobine partagent un
conducteur commun, et
selon laquelle la configuration matricielle à
phase de la paire de boucles à bobine est
configurée pour recevoir des courants à fré-
quence radio (RF) et transmettre les cou-
rants à fréquence radio à travers la paire de
câbles de sortie (416, 418) à un dispositif
d’interface (500) pour fournir quatre sorties
à canal (524-530), permettant ainsi au sys-
tème à résonance magnétique de fournir
des images selon une pluralité de modes
différents et selon lequel les quatre sorties
à canal sont :

une première sortie (528) représentant
un courant (IRL) circulant dans la pre-
mière boucle à bobine (402) ;
une deuxième sortie (530) représen-
tant un courant (ILL) circulant dans la
deuxième boucle à bobine (404) ;
une troisième sortie (526) représentant
un courant (ISL) circulant à la fois dans
ladite première (402) et ladite deuxiè-
me boucle (404) à bobine de sorte que
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la bobine émule l’opération d’une bobi-
ne en sellette ; et
une quatrième sortie (524) représen-
tant un courant (IWL) circulant à la fois
dans ladite première (402) et ladite
deuxième (404) boucles à bobine dans
des parties ne se chevauchant pas des-
dites première et deuxième boucles à
bobine de sorte que le chemin de cou-
rant forme une seule boucle.

2. Bobine selon la revendication 1, comprenant en
outre un conduit intermédiaire (438) présentant :

(a) un connecteur d’entrée (440) ;
(b) un connecteur de sortie (442) ;
(c) une paire de câbles internes destinée à une
connexion à une extrémité de ceux-ci, respec-
tivement, aux câbles de sortie (416, 418) de la
bobine (400) via le connecteur d’entrée (440) et
à proximité d’une autre extrémité de ceux-ci à
un dispositif d’interface (500) pour la bobine via
le connecteur de sortie (442) ;
(d) une paire de baluns (444), chacun étant in-
terconnecté entre une extrémité d’un des câbles
internes et au moins un connecteur parmi le con-
necteur d’entrée et le connecteur de sortie ; et
(e) au moins un piège à câbles (446) connecté
autour.

3. Bobine selon la revendication 1 ou la revendication
2, selon laquelle un circuit de découplage passif
(334, 336) est pourvu au niveau d’une deuxième ex-
trémité de chacun des câbles de sortie (416, 418).

4. Bobine selon la revendication 3, selon laquelle cha-
cun des circuits de découplage passif (334, 336)
comprend des diodes connectées en série dos-à-
dos (338, 342) et un composant à réactance.

5. Bobine selon l’une quelconque des revendications
précédentes, comprenant en outre une paire de cir-
cuits de découplage (322, 324), chacun étant con-
necté à travers la capacitance de réglage d’une des
boucles à bobine.

6. Une sonde intracavitaire (60) destinée à une utilisa-
tion dans un système à résonance magnétique pour
l’obtention d’images d’une région d’intérêt au sein
d’une cavité d’un patient, la sonde intracavitaire
comprenant :

(a) une bobine (300, 400) selon les revendica-
tions 1 à 4 ; et
(b) une paire de circuits de découplage (332,
324), chacun étant connecté à travers la capa-
citance de réglage de l’une des boucles à bobi-
ne.

7. Dispositif d’interface (500) destiné à faire l’interface
d’une bobine (300, 400) telle que définie selon l’une
quelconque des revendications 1 à 5 avec un sys-
tème à résonance magnétique, le dispositif d’inter-
face (500) comprenant :

(a) un premier préamplificateur (502) pour la ré-
ception d’un signal en provenance de la premiè-
re boucle à bobine (402) de la paire de boucles
à bobine afin de produire un premier signal am-
plifié;
(b) un deuxième préamplificateur (504) pour la
réception d’un signal en provenance de la
deuxième boucle à bobine (404) de la paire de
boucles à bobine afin de produire un deuxième
signal amplifié;
(c) un premier diviseur (506) connecté de ma-
nière opérationnelle au premier préamplifica-
teur (502) pour diviser le premier signal amplifié
en un premier signal de boucle représentant un
courant (IRL) circulant dans la première boucle
à bobine, qui est fourni en tant que première
sortie (528), et un premier signal composite ;
(d) un deuxième diviseur (508) connecté de ma-
nière opérationnelle au deuxième préamplifica-
teur pour diviser le premier signal amplifié en un
deuxième signal de boucle représentant un cou-
rant (ILL) circulant dans la deuxième boucle à
bobine qui est fourni en tant que deuxième sortie
(530), et un deuxième signal composite ;
(e) un troisième diviseur (510) connecté de ma-
nière opérationnelle au premier diviseur (506)
pour diviser le premier signal composite ;
(f) un quatrième diviseur (512) connecté de ma-
nière opérationnelle au deuxième diviseur (508)
pour diviser le deuxième signal composite ;
(g) un combinateur à zéro degré (516) connecté
de manière opérationnelle au troisième diviseur
(510) et au quatrième diviseur (512) pour com-
biner des signaux reçus en provenance de ces
derniers afin de produire un signal représentant
un courant (ISR) circulant à la fois dans ladite
première (402) et ladite deuxième (404) boucles
à bobine de sorte que la bobine émule électri-
quement le fonctionnement d’une bobine en sel-
lette, selon lequel ledit signal est fourni en tant
que troisième sortie (524); et
(h) un combinateur à 180 degrés connecté de
manière opérationnelle au troisième diviseur et
au quatrième diviseur pour combiner des si-
gnaux reçus en provenance de ces derniers afin
de produire un signal représentant un courant
(IWL) circulant à la fois dans ladite première
(402) et ladite deuxième (404) boucles à bobine
dans des parties non-chevauchante desdites
première et deuxième boucles à bobine de sorte
que le chemin de courant forme une seule bou-
cle, selon lequel ledit signal est fourni en tant
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que quatrième sortie (526),

selon lequel le dispositif d’interface (500) est confi-
guré pour fournir de manière sélective chacune des
première, deuxième, troisième et quatrième sorties,
permettant ainsi au système à résonance magnéti-
que couplé au dispositif d’interface (500) de fournir
des images selon une pluralité de modes différents.

8. Dispositif d’interface selon la revendication 7, selon
lequel le premier préamplificateur (502) et le deuxiè-
me préamplificateur (504) sont pourvus d’une ten-
sion d’alimentation prédéterminée réduite comparée
à une tension d’alimentation nominale du premier
préamplificateur et du deuxième préamplificateur.

9. Dispositif d’interface selon la revendication 7 ou la
revendication 8, comprenant en outre au moins un
atténuateur fournissant une atténuation nominale se
situant dans la plage de 3dB à 6dB, le au moins un
atténuateur étant positionné à au moins une position
parmi :

(a) entre le premier préamplificateur (502) et le
premier diviseur (506) ;
(b) entre le deuxième préamplificateur (504) et
le deuxième diviseur (508) ;
(c) après le premier diviseur (506) ; et
(d) après le deuxième diviseur (508).

10. Système d’obtention d’images d’une région d’intérêt,
le système comprenant :

(a) une sonde intracavitaire (60) comprenant :

(i) un bobine selon l’une quelconque des
revendications 1 à 4 ; et

(b) un dispositif d’interface (500) selon l’une
quelconque des revendications 7 à 9.

11. Système selon la revendication 10, selon lequel la
sonde intracavitaire (60) comprend en outre une pai-
re de circuits de découplage, chacun étant connecté
à travers la capacitance de réglage d’une des bou-
cles à bobine.
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