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METHOD AND DEVICE FOR
SIMULTANEOUS TX/RX IN STRONGLY
COUPLED MRI COIL LOOPS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 15/143,498, filed Apr. 29, 2016 by Scott M.
Schillak and titled “DEVICE AND METHOD AND FOR
SIMULTANEOUS TX/RX IN STRONGLY COUPLED
MRI COIL LOOPS” (which issued as U.S. Pat. No. 10,288,
711 on May 14, 2019), which claims priority benefit under
35 U.S.C. § 119(e) of U.S. Provisional Patent Application
No. 62/155,461 filed Apr. 30, 2016 by Scott M. Schillak,
titled “DEVICE AND METHOD FOR SIMULTANEOUS
TX/RX IN STRONGLY COUPLED MRI COIL LOOPS,”
each of which is incorporated herein by reference in its
entirety.

This invention is related to:

U.S. patent application Ser. No. 14/619,051 filed Feb. 10,
2015 by Scott M. Schillak et al., titled “DEVICE AND
METHOD FOR LOOPS-OVER-LOOPS MRI COILS”
(which issued as U.S. Pat. No. 10,191,128 on Jan. 29, 2019),
U.S. Provisional Patent Application 61/939,255 filed Feb.
12, 2014 by Scott M. Schillak et al., titled “DEVICE AND
METHOD FOR LOOPS-OVER-LOOPS MRI COILS,”
U.S. Pat. No. 9,097,769 issued Aug. 4, 2015 to Scott M.
Schillak et al., titled “SIMULTANEOUS TX-RX FOR MRI
SYSTEMS AND OTHER ANTENNA DEVICES,” and
U.S. Provisional Patent Application No. 61/447,673 filed
Feb. 28, 2011 by Scott M. Schillak et al., titled “SIMUL-
TANEOUS TX-RX FOR MRI SYSTEMS AND OTHER
ANTENNA DEVICES,”

which are all incorporated herein by reference in their
entirety.

FIELD OF THE INVENTION

This invention relates to the field of magnetic-resonance
imaging (MRI) and magnetic-resonance spectroscopy
(MRS), and more specifically to a method and apparatus for
using pairs of strongly coupled overlapped and/or concentric
radio-frequency (RF) MRI coils, with a signal combiner-
subtractor configured to subtract a suitably adjusted copy of
the transmit pulse from the received signal in order to extract
signal from the closely-coupled coil loops and to improve
signal-to-noise ratio (SNR) of the received signal.

BACKGROUND OF THE INVENTION

U.S. Pat. No. 6,605,775 to Seeber et al. issued Aug. 12,
2003 with the title “Floating radio frequency trap for shield
currents” and is incorporated herein by reference. In U.S.
Pat. No. 6,605,775, Seeber et al. describe a floating shield
current trap that provides first and second concentric tubular
conductors electrically connected to provide a resonance-
induced high impedance of current flow in a path consisting
of the inner and outer conductors and their junctions thereby
suppressing coupled current flow on a shield of a conductor
contained within the first inner tubular conductor.

U.S. Pat. No. 6,664,465 to Seeber issued Dec. 16, 2003
with the title “Tuning system for floating radio frequency
trap” and is incorporated herein by reference. In U.S. Pat.
No. 6,664,465, Seeber describes a floating shield current
trap provides two resonance loops formed of split concentric
tubular conductors joined radially at their axial ends. Adjust-
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2

ment of the separation of these loops provides a change in
coupling between the loops effecting a simplified tuning of
the resonance of the trap for different expected frequencies
of interfering shield current.

U.S. Pat. No. 6,593,744 to Burl et al. issued Jul. 15, 2003
with the title “Multi-channel RF cable trap for magnetic
resonance apparatus” and is incorporated herein by refer-
ence. In U.S. Pat. No. 6,593,744, Burl et al. describe a
multi-channel RF cable trap that blocks stray RF current
from flowing on shield conductors of coaxial RF cables of
a magnetic resonance apparatus. An inductor is formed by a
curved semi-rigid trough constructed of an insulating mate-
rial coated with an electrically conducting layer. Preferably,
the inductor and the cable follow an “S”-shaped path to
facilitate good electromagnetic coupling. The RF cables are
laid in the trough and the shield conductors inductively
couple with the inductor. A capacitor and optional trim
capacitor are connected across the trough of the inductor to
form a resonant [.C circuit tuned to the resonance frequency.
The LC circuit inductively couples with the shield conduc-
tors to present a signal-attenuating high impedance at the
resonance frequency. The resonant circuit is preferably
contained in an RF-shielding box with removable lid.

Low-power circuits can use varactors (electrically vari-
able capacitors), field-effect transistors (used as variable
gain elements or variable resistors) and like components that
are directly electrically-adjustable, for use in adjusting fre-
quency, impedance or other circuit characteristics and
parameters, however such components are often unsuitable
or inoperative in high fields.

U.S. Pat. No. 6,495,069 issued Dec. 17,2002 to Lussey et
al. with the title “Polymer composition™ and is incorporated
herein by reference. In U.S. Pat. No. 6,495,069, Lussey et al.
describe a polymer composition comprises at least one
substantially non-conductive polymer and at least one elec-
trically conductive filler and in the form of granules. Their
elastomer material was proposed for devices for controlling
or switching electric current, to avoid or limit disadvantages
such as the generation of transients and sparks which are
associated with the actuation of conventional mechanical
switches. They described an electrical conductor composite
providing conduction when subjected to mechanical stress
or electrostatic charge but electrically insulating when qui-
escent comprising a granular composition each granule of
which comprises at least one substantially non-conductive
polymer and at least one electrically conductive filler and is
electrically insulating when quiescent but conductive when
subjected to mechanical stress. They did not propose a
means for electrically activating such switches.

U.S. Pat. No. 8,299,681 to Snyder, Vaughan and Lemaire
issued Oct. 30, 2012 with the title “Remotely adjustable
reactive and resistive electrical elements and method” and is
incorporated herein by reference. In U.S. Pat. No. 8,299,681,
Snyder et al. describe an apparatus and method that includes
providing a variable-parameter electrical component in a
high-field environment and based on an electrical signal,
automatically moving a movable portion of the electrical
component in relation to another portion of the electrical
component to vary at least one of its parameters. In some
embodiments, the moving uses a mechanical movement
device (e.g., a linear positioner, rotary motor, or pump). In
some embodiments of the method, the electrical component
has a variable inductance, capacitance, and/or resistance.
Some embodiments include using a computer that controls
the moving of the movable portion of the electrical compo-
nent in order to vary an electrical parameter of the electrical
component. Some embodiments include using a feedback
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signal to provide feedback control in order to adjust and/or
maintain the electrical parameter. Some embodiments
include a non-magnetic positioner connected to an electrical
component configured to have its RLC parameters varied by
the positioner.

U.S. Pat. No. 8,674,695 issued Mar. 18, 2014 to Wiggins
with the title “Radio Frequency Coil Arrangement for High
Field Magnetic Resonance Imaging with Optimized Trans-
mit and Receive Efficiency for a Specified Region of Inter-
est, and Related System and Method,” and is incorporated
herein by reference. In U.S. Pat. No. 8,674,695, Wiggins
describes exemplary embodiments of a coil arrangement that
can include, e.g., a plurality of elements which can be
provided at an angle from one another. The angle can be
selected to effectuate an imaging of a target region of interest
at least one of a predetermined depth or range of depths, for
example. In certain exemplary embodiments, the angle can
be selected to effectuate an exemplary predetermined trans-
mit efficiency for at least one of the elements. Additionally,
the exemplary angle can be selected to effectuate a prede-
termined receive sensitivity for at least one of the elements.
Further, according to certain exemplary embodiments of a
coil arrangement in according to the present disclosure, the
angle can be adjusted manually and/or automatically.

A journal article, “96-Channel Receive-Only Head Coil
for 3 Tesla: Design Optimization and Evaluation” by Gra-
ham C. Wiggins et al. (Magn. Reson. Med. 2009 September;
62(3): 754-762. doi:10.1002/mrm.22028) describes a
receive coil, and is incorporated herein by reference.

U.S. Pat. No. 4,885,539 to Roemer et al. issued Dec. 5,
1989 with the title “Volume NMR coil for optimum signal-
to-noise ratio” and is incorporated herein by reference. In
U.S. Pat. No. 4,885,539, Roemer et al. describe an RF
volume coil with optimized signal-to-noise ratio, for NMR
use, has a reduced length L, which is between about 0.3r,
and about 1.5r,, where r, is the radius of a sample-to-be-
investigated, contained within the cylindrical volume coil,
with the volume coil radius r,. being between about 1.0r, and
about 1.6r, the “short” volume coil has an improved SNR for
a voxel located substantially on the central plane of the coil,
relative to the SNR of a “normal”-length volume coil with
L, greater or equal to 4r,.

A journal article, “The NMR Phased Array” by P. B.
Roemer et al. (Magn Reson Med. 1990 November; Vol. 16
Issue 262 pages 192-225), describes a phased array receive
coil, and is incorporated herein by reference. Roemer et al.
describe ways to overlap coil loops (circular loops over-
lapped by spacing the centers of the circular loops at 0.75
diameter, and square loops by about 0.9 diameter; and the
loops are all the same size) to reduce mutual-induction
interference.

U.S. Pat. No. 6,534,983 to Boskamp et al. issued Mar. 18,
2003 with the title “Multi-channel phased array coils having
minimum mutual inductance for magnetic resonance sys-
tems” and is incorporated herein by reference. In U.S. Pat.
No. 6,534,983, Boskamp et al. describe a multi-channel
phased array coil for use in a magnetic resonance (MR)
system is disclosed herein. The phased array coil includes N
coils configured in an array, each of the N coils having a
geometric shape and overlapping with (N-1) coils to form
an overlap area within the array. The geometric shape of
each of'the coils and the overlap area are configured to cause
a mutual inductance between every pair of the coils to be
less than 10 percent of the self-inductance of each of the N
coils. At least four coils are provided in the phased array
coil.

10

15

20

25

30

35

40

45

50

55

60

65

4

U.S. Pat. No. 6,538,441 issued to Watkins et al. on Mar.
25, 2003 with the title “RF coil for reduced electric field
exposure for use in very high field magnetic resonance
imaging” and is incorporated herein by reference. In U.S.
Pat. No. 6,538,441, Watkins et al. describe an RF coil
assembly for a very high field Magnetic Resonance Imaging
(MRI) system is provided. The RF coil assembly comprises
aplurality of conductors arranged cylindrically and disposed
about a patient bore tube of the MRI system. Each of the
conductors is configured for the RF coil assembly to reso-
nate at substantially high frequencies. Further, the RF coil
assembly comprises a plurality of capacitive elements dis-
posed between and connecting respective ends of the con-
ductors and further disposed in a spaced-apart relationship
with the patient bore tube. The capacitive elements are for
electrically interconnecting the plurality of conductors at the
respective ends of the conductors.

U.S. Pat. No. 6,822,448 issued to Watkins et al. on Nov.
23, 2004 with the title “RF coil for very high field magnetic
resonance” and is incorporated herein by reference. In U.S.
Pat. No. 6,822,448, Watkins et al. describe an RF coil
assembly for a very high field Magnetic Resonance Imaging
(MRI) system is provided comprising a plurality of conduc-
tors arranged cylindrically and disposed about a cylindrical
patient bore tube of the MRI system and a plurality of
capacitive elements for electrically interconnecting the plu-
rality of conductors at respective ends of the conductors. The
conductors have a width selected for the RF coil assembly
to resonate at substantially high frequencies. A very high
field Magnetic Resonance Imaging (MRI) system is pro-
vided that comprises a RF coil assembly adapted to resonate
at substantially high frequencies, a RF coil shield assembly
and a plurality of RF drive power cables.

There is a long-felt need for improved SNR from received
signals in an MRI system.

SUMMARY OF THE INVENTION

The present invention provides strongly coupled over-
lapped and/or concentric radio-frequency (RF) MRI coils
that are optionally located at different elevations (distances
from the patient’s tissue) in order to extract signal from
cross-coupled coil loops and to improve signal-to-noise ratio
(SNR) of the received signal. One or more of independent
receive pre-amplifiers (preamps) are used to collect the
received signal and the MR image reconstructed from the
received signal. In some embodiments, a plurality of pre-
amps is connected to each of a plurality of coil loops. In
some embodiments, the received signals are decoded (e.g.,
using differential analog amplifiers on the analog signals, or
are digitally processed) to remove common-mode signal,
and to improve SNR.

In contrast to U.S. Pat. No. 6,534,983 to Boskamp et al.
(where the geometric shape of each of the coil loops and the
overlap area are configured to cause a mutual inductance
between every pair of the coil loops to be less than ten
percent (10%) of the self-inductance of each of the N coils),
some embodiments of the present invention use concentric
and/or overlapped coil loops, each coil loop having one or
more individual preamplifiers. In some embodiments, the
loops are made identical or nearly so in order to be able to
more effectively remove the transmitted signal from the
received signal. In some other embodiments, the plurality of
loops of the present invention will be arranged to reduce
mutual inductance, but the greater number of coil loops is
used to advantage in order to achieve greater signal-to-noise
ratio (SNR) in spite of the greater mutual inductance due to
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overlapping and/or concentric coil loops. The outputs of the
plurality of preamplifiers are analyzed and decoded relative
to one another to electronically and/or computationally
remove signal due to the mutual inductance between various
pairs of the coil loops.

In some embodiments, a set of coil loops have each of
their outputs phase shifted by possibly different amounts,
and have their respective amplitudes varied by possibly
different amounts, and their signals added or subtracted from
one another by decoder circuitry to improve the SNR.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a plan-view block diagram of a coil-loop-pair
system 101 having a pair of overlapping and/or concentric
coil loops 130 connected to RF Tx-Rx electronics systems
190, according to some embodiments of the present inven-
tion.

FIG. 1B is a slightly-tilted edge-view block diagram of
coil-loop-pair system 101, according to some embodiments
of the present invention.

FIG. 1C is block diagram schematic of coil-loop-pair
system 101, according to some embodiments of the present
invention.

FIG. 1D is a slightly-tilted edge-view block diagram of a
coil-loops system 104 having a plurality of concentric coil
loop pair subsystems 139.1 through 139.N, each including
its own RF Tx-Rx electronics system 190, according to some
embodiments of the present invention.

FIG. 1E is a schematic block diagram of a MRI system
105 having a plurality of concentric coil-loop-pair subsys-
tems 139.1 through 139.N, each including its own RF Tx-Rx
electronics system 190, all located in the bore 140 of an MRI
magnet, according to some embodiments of the present
invention.

FIG. 2 is a graph 201 demonstrating the removal of the
transmit signal from the received signal, according to some
embodiments of the present invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Although the following detailed description contains
many specifics for the purpose of illustration, a person of
ordinary skill in the art will appreciate that many variations
and alterations to the following details are within the scope
of the invention. Specific examples are used to illustrate
particular embodiments; however, the invention described in
the claims is not intended to be limited to only these
examples, but rather includes the full scope of the attached
claims. Accordingly, the following preferred embodiments
of the invention are set forth without any loss of generality
to, and without imposing limitations upon the claimed
invention. Further, in the following detailed description of
the preferred embodiments, reference is made to the accom-
panying drawings that form a part hereof, and in which are
shown by way of illustration specific embodiments in which
the invention may be practiced. It is understood that other
embodiments may be utilized and structural changes may be
made without departing from the scope of the present
invention. The embodiments shown in the Figures and
described here may include features that are not included in
all specific embodiments. A particular embodiment may
include only a subset of all of the features described, or a
particular embodiment may include all of the features
described.
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The leading digit(s) of reference numbers appearing in the
Figures generally corresponds to the Figure number in
which that component is first introduced, such that the same
reference number is used throughout to refer to an identical
component which appears in multiple Figures. Signals and
connections may be referred to by the same reference
number or label, and the actual meaning will be clear from
its use in the context of the description.

As used herein, a non-magnetic mechanical movement
device is any electrically-controlled device (such as a linear
positioner, rotary motor, or pump) made of materials that do
not move (or move to a substantially negligible amount) due
to a high magnetic field when subjected to the high magnetic
field. Such devices can be placed within the high magnetic
field of a magnetic-resonance machine or the superconduct-
ing magnet of a particle accelerator without the danger of the
device moving due to the magnetic field and/or without the
undesirable result of changing the magnetic field due to their
presence. In many of the descriptions herein, the term
“motor” will be used as an example of such a non-magnetic
mechanical movement device, however one of skill in the art
will recognize that in other embodiments, the “motor” can
be implemented as a linear or rotary motor device using
suitable linkages, or as a pump that uses a liquid or pneu-
matic fluid to effectuate the described movement.

FIG. 1A is a plan-view block diagram of a coil-loop-pair
subsystem 101 having a pair 130 of overlapping and/or
concentric coil loops 131 and 132 connected to RF Tx-Rx
electronics system 190, according to some embodiments of
the present invention. In some embodiments, coil-loop-pair
system 101 includes RF Tx-Rx electronics system 190. In
some embodiments, RF Tx-Rx electronics system 190
includes a transmit (TX) amplifier 110, signal splitter 120,
electronically-adjustable attenuator-phase adjuster 150,
combiner-subtractor 160 and receive (RX) preamplifier 170.
In some embodiments, TX amplifier 110 is connected by
coax (coaxial conductor) 111 to combiner-splitter 120 (here
acting as an impedance-matched splitter), wherein a first
portion of the transmit signal is coupled via coax 121 to a
transmit loop 131, which transmits the RF pulse toward the
tissue being examined (e.g., in some embodiments, toward
a patient in an MRI machine). The transmitted pulse is also
received by receive loop 132, and that signal is removed
from the received signal as described below. The signal from
the tissue being examined is also received by the receive
loop 132. Circuit 150 provides a controllable amount of
attenuation and phase adjustment. A second portion of the
transmit signal is coupled from splitter 120 via coax 151 to
attenuation/phase adjustment device 152 (shown here as a
potentiometer, but in some embodiments, implemented as an
electronically controlled impedance that provides adjust-
ment to phase and amplitude of the signal provided to
combiner-subtractor 160, and which is controlled by the
MRI system controller electronics (e.g., subsystem 180 of
FIG. 1E). The received signal from loop 132 is coupled via
coax 161 to combiner-subtractor 160. The net received
signal from combiner-subtractor 160 is coupled via coax 171
to RX preamplifier 170. The pre-amplified signal from RX
preamplifier 170 is coupled out of the MRI magnet bore to
the system console for analysis and image generation. In
some embodiments, the geometry and orientation of loop
131 and loop 132 are controlled (e.g., in some embodiments,
by making them concentric, closely spaced and equal-sized)
such that the transmit signal that is directly received by loop
132 from loop 131 is substantially identical to the signal
from circuit 150, such that when combined (i.e., 180-degrees
out of phase) they cancel each other out, leaving a net



US 10,649,052 B1

7

received signal with a high signal-to-noise ratio (SNR). In
some embodiments, all of the devices and electronics shown
in FIG. 1A are located in the MRI magnet bore (e.g., in some
embodiments, for example, in a coil housing 199 in a MRI
magnet bore 140 of FIG. 1D or FIG. 1E).

FIG. 1B is a slightly-tilted edge-view block diagram of
coil-loops system 101, according to some embodiments of
the present invention. See the description of FIG. 1A.
Details of RF Tx-Rx electronics system 190 are as shown in
FIG. 1A.

FIG. 1C is a block diagram schematic of coil-loops
system 101, according to some embodiments of the present
invention. See the description of FIG. 1A.

FIG. 1D is a slightly-tilted edge-view block diagram of a
coil-loops system 104 having a plurality of concentric-coil-
loop-pair subsystems 139.1 through 139.N, each including
its own RF Tx-Rx electronics system 190, according to some
embodiments of the present invention. In some embodi-
ments, each one of concentric-coil-loop-pair subsystems
139.1 through 139.N is implemented using a coil-loops
system 101 such as described above. In some embodiments,
each of the concentric-coil-loop-pair subsystems 139.1
through 139.N is laterally offset from its nearest neighbor, in
order to provide a large area/volume of coverage. In some
embodiments, each of the concentric-coil-loop-pair subsys-
tems 139.1 through 139.N is driven by a different one of a
plurality of transmit pulses that are offset in time. In some
embodiments, each of a plurality of the transmit loops is
driven by the same transmit pulse, but wherein a different
amount of time or phase delay is provided to each respective
copy of the single pulse sent to the different transmit loops,
such that the net transmit signal is steered and shaped, as is
known in the phased-array-antenna art. In other embodi-
ments, the respective pulses used to drive the plurality of
concentric-coil-loop-pair subsystems 139.1 through 139.N
are separated in time such that the received signal from a
given receive loop 132 is only from the effects of the
transmit pulse sent by its paired transmit loop 131, and
signals received from other pulses sent from other transmit
loops are offset in time and are shunted and/or ignored. In
this way, a succession of pulses is sent and received one at
a time across an array of concentric-coil-loop-pair subsys-
tems 139.1 through 139.N to obtain clean signals from the
entire volume of tissue being examined. In some embodi-
ments, the entire array of concentric-coil-loop-pair subsys-
tems 139.1 through 139.N including their respective RF
Tx-Rx electronics systems 190 are located in a coil housing
199 located in the bore 140 of the magnet of an MRI
machine. In some embodiments, system controller 180 pro-
vides the transmit-pulse sequences to the transmit amplifiers
110 and the control signals to the electronically controlled
attenuator/phase-adjustment circuits 150 in order to closely
control the amplitude and time delay of the signals output
from circuits 150 that are subtracted by combiner-subtrac-
tors 160.

FIG. 1E is a schematic block diagram of a MRI system
105 having a plurality of concentric coil loop pair subsys-
tems 139.1 through 139.N, each including its own RF Tx-Rx
electronics system 190, all located in the bore 140 of an MRI
magnet, according to some embodiments of the present
invention. In some embodiments, the system controller 180
is largely implemented in the MRI console electronics. In
some embodiments, system controller 180 provides gradi-
ent-control signals to the gradient coils, tuning/matching
control signals to the automatic tune-and-match circuits 146,
RF signal-out transmit pulse sequences sent to the plurality
of transmit amplifiers 110, and the attenuation/phase (A/P)
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control signals sent to the plurality of attenuator/phase-
adjuster circuits 150. In some embodiments, the system
controller 180 also receives the net received RF signal input
(the net received signal after the transmit signal has been
subtracted from the signal obtained from RX loop 132). In
some embodiments, the plurality of coil-loop-pair subsys-
tems 139.1 through 139.N include transmit amplifiers 110
mounted in the coil housing 199 that is in the bore 140, in
order to reduce signal loss in the coax used for the TX
signals. In other embodiments, the transmit amplifiers 110
are located remotely (e.g., in some embodiments, outside the
magnet room), and are connected via coax to the coupler-
splitters 120 located in the coil housing. In some embodi-
ments, the automatic tune-and-match circuits 146 are
located in the coil housing 199.

FIG. 2 is a graph 201 demonstrating the removal of the
transmit signal from the received signal, according to some
embodiments of the present invention.

The Figures herein show embodiments using substantially
circular coil loops that are used in some embodiments. In
other embodiments, square coil loops, rectangular coil
loops, pentagonal and/or hexagonal coil loops, or other
geometric shapes are used. In some embodiments, combi-
nations of different geometric shapes are used for the coil
loops.

In some embodiments, the present invention provides an
apparatus for processing radio-frequency (RF) signals suit-
able for magnetic-resonance imaging (MRI) and/or mag-
netic-resonance spectroscopy (MRS) from radio-frequency
(RF) coils that are overlapped and/or concentric, but option-
ally sized differently and/or located at different elevations
(distances from the patient’s tissue) in order to extract signal
from strongly-coupled coil loops and to improve signal-to-
noise ratio (SNR) of the received signal. This apparatus
includes a housing; a transmitter-receiver-electronics unit
mounted on the housing, wherein the transmitter-receiver-
electronics generates a transmit signal split into a first
portion and a second portion; an RF loop pair mounted to the
housing, wherein the RF loop pair includes a transmit
antenna loop connected to receive the first portion of the
transmit signal and a receive antenna loop configured to
receive signals from the transmit loop and from, and com-
biner-subtractor electronics operatively coupled to obtain
signals from the receive loop and to the second portion of the
transmit signal and configured to subtract the second portion
of the transmit signal from the signals from the receive loop.

Some embodiments further include an attenuator-phase-
adjustment circuit coupled to adjust an amplitude and phase
of the second portion of the transmit signal.

In some embodiments, each of the plurality of RF receiver
units further includes: a frequency-tuning capacitor, an
impedance-matching capacitor, an RF trap, and a preampli-
fier.

In some embodiments, each of the plurality of RF receiver
units further includes: a least one frequency-tuning capaci-
tor, a plurality of impedance-matching capacitors, a plurality
of RF traps, and a plurality of preamplifiers.

In some embodiments, the present invention provides a
non-transitory computer-readable medium having instruc-
tions stored thereon for causing a suitably programmed
information processor to execute a method that includes
adjusting an amplitude and a phase of a portion of a transmit
signal in order to generate a signal useful for removing
common-mode transmit signals from a received MRI signal.
In some embodiments, the medium contains instructions
such that the method further includes using a feedback
signal operatively coupled to the programmable informa-
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tion-processing device to provide feedback control in order
to maintain an electrical parameter of the plurality of
receiver-electronics units. In some embodiments, the
medium contains instructions such that the method further
includes controlling resistance, inductance and capacitance
(RLC) values of the plurality of receiver-electronics units.

In some embodiments, the present invention provides a
non-transitory computer-readable medium having instruc-
tions stored thereon for causing a suitably programmed
information processor to execute a method that includes:
autocontrolling an electrical parameter of each of a plurality
of receiver-electronics units that is mounted to a MRI
receiver coil unit. In some embodiments, the medium con-
tains instructions such that the method further includes using
a feedback signal operatively coupled to the programmable
information-processing device to provide feedback control
in order to maintain the electrical parameter of the plurality
of receiver-electronics units. In some embodiments, the
medium contains instructions such that the method further
includes controlling resistance, inductance and capacitance
(RLC) values of the plurality of receiver-electronics units.

In some embodiments, the present invention provides a
non-transitory computer-readable medium having instruc-
tions stored thereon for causing a suitably programmed
information processor to execute a method that comprises:
autocontrolling an electrical parameter of an L.C circuit that
is mounted to a case of a snap-on balun (electrical device
that converts between a balanced signal (two signals work-
ing against each other where ground is irrelevant) and an
unbalanced signal (a single signal working against ground or
pseudo-ground)) attached to a shielded RF cable that has a
peripheral shield conductor and at least one inner conductor
for carrying RF signals, wherein the LC circuit has a
resonance frequency at a frequency of RF signals carried on
the at least one inner conductor, wherein the case includes a
piercing structure electrically connected to the LC circuit
and configured to pierce and electrically connect the L.C
circuit to the shield conductor of the shielded RF cable.

In some embodiments, the present invention provides an
method and apparatus for processing radio-frequency (RF)
signals suitable for magnetic-resonance imaging (MRI) and/
or magnetic-resonance spectroscopy (MRS) from radio-
frequency (RF) coils that have strongly-coupled coil loop
pairs, each pair including a transmit loop and a receive loop,
wherein the transmit loop and the receive loop are of equal
sizes and shapes and in close proximity to each other, and
wherein a suitable attenuated and phase-adjusted version of
a transmit pulse is subtracted from a receive signal obtained
from tissue being examined to improve signal-to-noise ratio
(SNR) of the received signal.

In some embodiments, the present invention provides an
apparatus for processing radio-frequency (RF) signals suit-
able for magnetic-resonance imaging (MRI) and/or mag-
netic-resonance spectroscopy (MRS) from radio-frequency
(RF) coils that have strongly-coupled coil loops to improve
signal-to-noise ratio (SNR) of the received signal obtained
from tissue being examined. This apparatus includes a
housing; radio-frequency (RF) transmitter-receiver electron-
ics mounted to the housing, wherein the RF transmitter-
receiver-electronics includes a first RF transmitter unit and
a first RF receiver unit, wherein the first RF transmitter unit
generates a first transmit signal that is split into a first portion
of the first transmit signal and a second portion of the first
transmit signal; a first RF loop pair mounted to the housing,
wherein the first RF loop pair includes a transmit antenna
loop operably connected to transmit the first portion of the
first transmit signal and a receive antenna loop configured to
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receive signals from the transmit antenna loop of the first RF
loop pair and from the tissue being examined; and combiner-
subtractor electronics operatively coupled to obtain signals
from the receive loop of the first RF loop pair and to obtain
the second portion of the first transmit signal and configured
to subtract the second portion of the first transmit signal
from the signals from the receive loop of the first RF loop
pair to form a first net received signal.

In some embodiments of this apparatus, the first RF
receiver unit further includes a frequency-tuning capacitor,
an impedance-matching capacitor, an RF trap, and a pream-
plifier.

In some embodiments of this apparatus, the combiner-
subtractor electronics further includes an attenuator-phase-
adjustment circuit coupled to adjust an amplitude and phase
of the second portion of the first transmit signal.

In some embodiments of this apparatus, the combiner-
subtractor electronics further includes an attenuator-phase-
adjustment circuit that includes a length of coax cable and an
electronically controlled impedance that provides adjust-
ment to phase and amplitude of the second portion of the
first transmit signal.

Some embodiments of this apparatus further include a
plurality of RF loop pairs mounted to the housing including
a second RF loop pair, wherein the second RF loop pair
includes a transmit antenna loop and a receive antenna loop,
the RF transmitter-receiver-electronics includes a plurality
of RF transmitter units and a plurality of RF receiver units,
wherein each of the plurality of RF transmitter units gener-
ates a respective one of a plurality of transmit signals,
wherein the plurality of RF transmitter units includes a
second RF transmitter unit, wherein the plurality of RF
receiver units includes a second RF receiver unit, wherein
the second RF transmitter unit generates a second transmit
signal of the plurality of transmit signals that is split into a
first portion of the second transmit signal and a second
portion of the second transmit signal, the transmit antenna
loop of the second RF loop pair is operably connected to
transmit the first portion of the second transmit signal and
the receive antenna loop of the second RF loop pair is
configured to receive signals from the transmit antenna loop
of'the first RF loop pair and from the tissue being examined,
and the combiner-subtractor electronics is operatively
coupled to obtain signals from the receive loop of the second
RF loop pair and to obtain the second portion of the second
transmit signal and is configured to subtract the second
portion of the second transmit signal from the signals from
the receive loop of the second RF loop pair to form a second
net received signal.

Some embodiments of this apparatus further include a
plurality of RF loop pairs mounted to the housing, wherein
the plurality of RF loop pairs includes a second RF loop pair,
wherein the second RF loop pair includes a transmit antenna
loop and a receive antenna loop, wherein the RF transmitter-
receiver-electronics includes a plurality of RF transmitter
units and a plurality of RF receiver units, wherein each of the
plurality of RF transmitter units generates a respective one
of a plurality of transmit signals, wherein the plurality of
transmit signals includes a second RF transmitter unit,
wherein the plurality of RF receiver units includes a second
RF receiver unit, and wherein the second RF transmitter unit
generates a second transmit signal of the plurality of trans-
mit signals that is split into a first portion of the second
transmit signal and a second portion of the second transmit
signal, wherein the transmit antenna loop of the second RF
loop pair is operably connected to transmit the first portion
of'the second transmit signal and the receive antenna loop of
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the second RF loop pair is configured to receive signals from
the transmit antenna loop of the first RF loop pair and from
the tissue being examined, wherein the combiner-subtractor
electronics is operatively coupled to obtain signals from the
receive loop of the second RF loop pair and to obtain the
second portion of the second transmit signal and is config-
ured to subtract the second portion of the second transmit
signal from the signals from the receive loop of the second
RF loop pair to form a second net received signal, and
wherein each of the plurality of RF receiver units further
includes a least one frequency-tuning capacitor, a plurality
of impedance-matching capacitors, a plurality of RF traps,
and a plurality of preamplifiers.

Some embodiments of this apparatus further include a
plurality of RF loop pairs mounted to the housing including
a second RF loop pair, wherein the second RF loop pair
includes a transmit antenna loop and a receive antenna loop,
wherein the RF transmitter-receiver-electronics includes a
plurality of RF transmitter units each of which generates a
respective one of a plurality of transmit signals including a
second RF transmitter unit, and a plurality of RF receiver
units including a second RF receiver unit, wherein the
second RF transmitter unit generates a second transmit
signal of the plurality of transmit signals that is split into a
first portion of the second transmit signal and a second
portion of the second transmit signal, wherein the transmit
antenna loop of the second RF loop pair is operably con-
nected to transmit the first portion of the second transmit
signal and the receive antenna loop of the second RF loop
pair is configured to receive signals from the transmit
antenna loop of the first RF loop pair and from the tissue
being examined, wherein the combiner-subtractor electron-
ics is operatively coupled to obtain signals from the receive
loop of the second RF loop pair and to obtain the second
portion of the second transmit signal and is configured to
subtract the second portion of the second transmit signal
from the signals from the receive loop of the second RF loop
pair to form a second net received signal, and wherein the
apparatus further includes a plurality of attenuator-phase-
adjustment circuits each coupled to adjust an amplitude and
a phase of the second portion of a respective one of the
plurality of transmit signals.

Some embodiments of this apparatus further include a
plurality of RF loop pairs mounted to the housing including
a second RF loop pair, wherein the second RF loop pair
includes a transmit antenna loop and a receive antenna loop,
wherein the RF transmitter-receiver-electronics includes a
plurality of RF transmitter units each of which generates a
respective one of a plurality of transmit signals including a
second RF transmitter unit, and a plurality of RF receiver
units including a second RF receiver unit, wherein the
second RF transmitter unit generates a second transmit
signal of the plurality of transmit signals that is split into a
first portion of the second transmit signal and a second
portion of the second transmit signal, wherein the transmit
antenna loop of the second RF loop pair is operably con-
nected to transmit the first portion of the second transmit
signal and the receive antenna loop of the second RF loop
pair is configured to receive signals from the transmit
antenna loop of the first RF loop pair and from the tissue
being examined, and wherein the combiner-subtractor elec-
tronics is operatively coupled to obtain signals from the
receive loop of the second RF loop pair and to obtain the
second portion of the second transmit signal and is config-
ured to subtract the second portion of the second transmit
signal from the signals from the receive loop of the second
RF loop pair to form a second net received signal, and
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wherein the apparatus further includes: a plurality of attenu-
ator-phase-adjustment circuits each coupled to adjust an
amplitude and a phase of the second portion of a respective
one of the plurality of transmit signals; a plurality of
automatic tune-and-match circuits operatively coupled to
the RF transmitter-receiver-electronics; an MRI magnet hav-
ing an MRI magnet bore, wherein the housing, the plurality
of RF loop pairs, at least a portion of the RF transmitter-
receiver electronics, and at least a portion of the combiner-
subtractor electronics are located in the magnet bore; gra-
dient coils located in the MRI magnet bore; and MRI
console electronics including a system controller, wherein
the system controller provides gradient-control signals to the
gradient coils, tuning/matching control signals to the plu-
rality of automatic tune-and-match circuits, RF signal-out
transmit pulse sequences sent to the plurality of RF trans-
mitter units, and attenuation/phase (A/P) control signals sent
to the plurality of attenuator-phase-adjustment circuits, and
wherein, the system controller also receives a plurality of net
received RF signals and generates an MR image therefrom.

In some embodiments, the present invention provides a
method for processing radio-frequency (RF) signals suitable
for magnetic-resonance imaging (MRI) and/or magnetic-
resonance spectroscopy (MRS) from radio-frequency (RF)
coils that have strongly-coupled coil loops to improve
signal-to-noise ratio (SNR) of the received signal obtained
from tissue being examined. This method includes providing
a housing, radio-frequency (RF) transmitter-receiver elec-
tronics mounted to the housing, and a first RF loop pair
mounted to the housing, wherein the first RF loop pair
includes a transmit antenna loop and a receive antenna loop;
splitting a first transmit signal pulse from the RF transmitter-
receiver electronics into a first portion and a second portion;
adjusting an amplitude and a phase of the second portion of
the first transmit signal pulse to obtain a first amplitude-
and-phase-adjusted signal pulse; transmitting the first por-
tion of the first transmit signal pulse using the transmit
antenna loop of the first RF loop pair; receiving a first
resulting signal using the receive antenna loop of the first RF
loop pair, the first resulting signal including signals from the
transmit loop of the first RF loop pair and from the tissue
being examined; subtracting the first amplitude-and-phase-
adjusted signal pulse from the received first resulting signal
to obtain a first net received signal; and generating an MRI
output image based at least in part on the first net received
signal.

In some embodiments of the method, the adjusting of the
amplitude and the phase of the second portion of the first
transmit signal pulse includes passing the second portion of
the first transmit signal pulse through a length of coax cable
and electronically adjusting an impedance of circuitry that
operates on the second portion of the first transmit signal
pulse.

Some embodiments of the method further include elec-
tronically frequency matching a characteristic frequency of
the transmit antenna loop of first RF loop pair to a transmit
frequency of the first transmit signal pulse; and electroni-
cally impedance matching a characteristic impedance of the
transmit antenna loop of first RF loop pair to an impedance
of the RF transmitter-receiver electronics.

Some embodiments of the method further include elec-
tronically frequency matching a characteristic frequency of
the receive antenna loop of first RF loop pair to a transmit
frequency of the first transmit signal pulse; and electroni-
cally impedance matching a characteristic impedance of the
receive antenna loop of first RF loop pair to an impedance
of the RF transmitter-receiver electronics.
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In some embodiments of the method, the providing
includes providing a plurality of RF loop pairs mounted to
the housing including a second RF loop pair, wherein the
second RF loop pair includes a transmit antenna loop and a
receive antenna loop, wherein the providing of the RF
transmitter-receiver-electronics includes providing a plural-
ity of RF transmitter units and a plurality of RF receiver
units, wherein each of the plurality of RF transmitter units
generates a respective one of a plurality of transmit signal
pulses, wherein the plurality of RF transmitter units includes
a second RF transmitter unit, wherein the plurality of RF
receiver units includes a second RF receiver unit, and
wherein the second RF transmitter unit generates a second
transmit signal of the plurality of transmit signals that is split
into a first portion of the second transmit signal and a second
portion of the second transmit signal, and wherein the
method further includes: splitting the second transmit signal
into a first portion and a second portion; adjusting an
amplitude and a phase of the second portion of the second
transmit signal to obtain a second amplitude-and-phase-
adjusted signal; transmitting the first portion of the second
transmit signal using the transmit antenna loop of the second
RF loop pair; receiving a second resulting signal using the
receive antenna loop of the second RF loop pair, wherein the
second resulting signal included signals from the transmit
loop of the first RF loop pair and from the tissue being
examined; subtracting the second amplitude-and-phase-ad-
justed signal from the received second resulting signal to
obtain a second net received signal; and generating the MRI
output image based at least in part on the second net received
signal.

Some embodiments of the method further include elec-
tronically frequency matching a characteristic frequency of
the transmit antenna loop of second RF loop pair to a
transmit frequency of the first transmit signal pulse; elec-
tronically impedance matching a characteristic impedance
of the transmit antenna loop of second RF loop pair to an
impedance of the RF transmitter-receiver electronics; elec-
tronically frequency matching a characteristic frequency of
the receive antenna loop of second RF loop pair to a transmit
frequency of the first transmit signal pulse; and electroni-
cally impedance matching a characteristic impedance of the
receive antenna loop of second RF loop pair to an impedance
of the RF transmitter-receiver electronics.

Some embodiments of the method further include pro-
viding an MRI magnet having an MRI magnet bore, wherein
the housing, the plurality of RF loop pairs, at least a portion
of the RF transmitter-receiver electronics, and at least a
portion of the combiner-subtractor electronics are located in
the magnet bore; providing gradient coils located in the MRI
magnet bore; and providing MRI console electronics includ-
ing a system controller, wherein the system controller pro-
vides gradient-control signals to the gradient coils, tuning/
matching control signals to the plurality of automatic tune-
and-match circuits, RF signal-out transmit pulse sequences
sent to the plurality of RF transmitter units, and attenuation/
phase (A/P) control signals sent to the plurality of attenua-
tor-phase-adjustment circuits, and wherein, the system con-
troller also receives a plurality of net received RF signals
and generates an MR image therefrom.

In some embodiments, the present invention provides a
non-transitory computer-readable medium having instruc-
tions stored thereon for causing a suitably programmed
information processor to execute a method for processing
radio-frequency (RF) signals suitable for magnetic-reso-
nance imaging (MRI) and/or magnetic-resonance spectros-
copy (MRS) from radio-frequency (RF) coils that have
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strongly-coupled coil loops to improve signal-to-noise ratio
(SNR) of the received signal obtained from tissue being
examined, in a system that includes a housing, a transmitter-
receiver-electronics unit mounted on the housing, and plu-
rality of RF loop pairs mounted to the housing, wherein the
plurality of RF loop pairs includes a first RF loop pair,
wherein the first RF loop pair includes a transmit antenna
loop and a receive antenna loop that are strongly coupled to
one another, and wherein a first transmit signal pulse is split
into a first portion and a second portion; wherein the method
includes: adjusting an amplitude and a phase of the second
portion of the first transmit signal pulse to obtain a first
amplitude-and-phase-adjusted signal pulse; transmitting the
first portion of the transmit signal pulse using the transmit
antenna loop of the first RF loop pair; receiving a first
resulting signal using the receive antenna loop of the first RF
loop pair, wherein the first resulting signal includes signals
from the transmit loop and from the tissue being examined;
subtracting the first amplitude-and-phase-adjusted signal
from the first received resulting signal to obtain a first net
received signal; and generating an MRI output image based
at least in part on the first net received signal.

In some embodiments of the non-transitory computer-
readable medium, the medium further includes instructions
such that the adjusting of the amplitude and the phase of the
second portion of the first transmit signal pulse includes
passing the second portion of the first transmit signal pulse
through a length of coax cable and electronically adjusting
an impedance of circuitry that operates on the second
portion of the first transmit signal pulse.

In some embodiments of the non-transitory computer-
readable medium, the medium further includes instructions
such that the method further includes: electronically fre-
quency matching a characteristic frequency of the transmit
antenna loop of first RF loop pair to a transmit frequency of
the first transmit signal pulse; and electronically impedance
matching a characteristic impedance of the transmit antenna
loop of first RF loop pair to an impedance of the RF
transmitter-receiver electronics.

In some embodiments of the non-transitory computer-
readable medium, the medium further includes instructions
such that the method further includes: electronically fre-
quency matching a characteristic frequency of the receive
antenna loop of first RF loop pair to a transmit frequency of
the first transmit signal pulse; and electronically impedance
matching a characteristic impedance of the receive antenna
loop of first RF loop pair to an impedance of the RF
transmitter-receiver electronics.

In some embodiments, the subsystems and elements of
the invention described above are combined with portions or
all of the patents and patent applications set forth above,
each of which is incorporated herein by reference, in order
to obtain various embodiments of the present invention.

It is specifically contemplated that the present invention
includes embodiments having combinations and subcombi-
nations of the various embodiments and features that are
individually described herein (i.e., rather than listing every
combinatorial of the elements, this specification includes
descriptions of representative embodiments and contem-
plates embodiments that include some of the features from
one embodiment combined with some of the features of
another embodiment, including embodiments that include
some of the features from one embodiment combined with
some of the features of embodiments described in the
patents and patent-application publications incorporated by
reference in the present application). Further, some embodi-
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ments include fewer than all the components described as
part of any one of the embodiments described herein.

It is to be understood that the above description is
intended to be illustrative, and not restrictive. Although
numerous characteristics and advantages of various embodi-
ments as described herein have been set forth in the fore-
going description, together with details of the structure and
function of various embodiments, many other embodiments
and changes to details will be apparent to those of skill in the
art upon reviewing the above description. The scope of the
invention should be, therefore, determined with reference to
the appended claims, along with the full scope of equivalents
to which such claims are entitled. In the appended claims,
the terms “including” and “in which” are used as the
plain-English equivalents of the respective terms “compris-
ing” and “wherein,” respectively. Moreover, the terms “first,
” “second,” and “third,” etc., are used merely as labels, and
are not intended to impose numerical requirements on their
objects.

What is claimed is:

1. A method for processing radio-frequency (RF) signals
suitable for magnetic-resonance imaging (MRI) and/or mag-
netic-resonance spectroscopy (MRS) from radio-frequency
(RF) coils that have strongly-coupled coil loops to improve
signal-to-noise ratio (SNR) of the received signal obtained
from tissue being examined, the method comprising:

providing a housing, radio-frequency (RF) transmitter-

receiver electronics mounted to the housing, and a first
RF loop pair mounted to the housing, wherein the first
RF loop pair includes a transmit antenna loop and a
receive antenna loop that is strongly coupled to, and
substantially of equal shape and size as, the transmit
antenna loop;

splitting a first transmit signal pulse from the RF trans-

mitter-receiver electronics into a first portion and a
second portion;
adjusting an amplitude and a phase of the second portion
of the first transmit signal pulse to obtain a first
amplitude-and-phase-adjusted signal pulse;

transmitting the first portion of the first transmit signal
pulse using the transmit antenna loop of the first RF
loop pair;
receiving a first resulting signal using the receive antenna
loop of the first RF loop pair, the first resulting signal
including signals from the transmit loop of the first RF
loop pair and from the tissue being examined;

combining the first amplitude-and-phase-adjusted signal
pulse and the received first resulting signal in a com-
biner to obtain a first net received signal; and

generating an MRI output image based at least in part on
the first net received signal.

2. The method of claim 1, wherein the adjusting of the
amplitude and the phase of the second portion of the first
transmit signal pulse includes passing the second portion of
the first transmit signal pulse through a length of coax cable
and electronically adjusting an impedance of circuitry that
operates on the second portion of the first transmit signal
pulse.

3. The method of claim 1, further comprising:

electronically frequency matching a characteristic fre-

quency of the transmit antenna loop of first RF loop
pair to a transmit frequency of the first transmit signal
pulse; and

electronically impedance matching a characteristic

impedance of the transmit antenna loop of first RF loop
pair to an impedance of the RF transmitter-receiver
electronics.
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4. The method of claim 1, further comprising:

electronically frequency matching a characteristic fre-
quency of the receive antenna loop of first RF loop pair
to a transmit frequency of the first transmit signal pulse;
and

electronically impedance matching a characteristic
impedance of the receive antenna loop of first RF loop
pair to an impedance of the RF transmitter-receiver
electronics.

5. The method of claim 1,

wherein the providing includes providing a plurality of
RF loop pairs mounted to the housing including a
second RF loop pair, wherein the second RF loop pair
includes a transmit antenna loop and a receive antenna
loop,

wherein the providing of the RF transmitter-receiver-
electronics includes providing a plurality of RF trans-
mitter units and a plurality of RF receiver units,
wherein each of the plurality of RF transmitter units
generates a respective one of a plurality of transmit
signal pulses, wherein the plurality of RF transmitter
units includes a second RF transmitter unit, wherein the
plurality of RF receiver units includes a second RF
receiver unit, and wherein the second RF transmitter
unit generates a second transmit signal of the plurality
of transmit signals that is split into a first portion of the
second transmit signal and a second portion of the
second transmit signal, and

wherein the method further comprises:

splitting the second transmit signal into a first portion and
a second portion;

adjusting an amplitude and a phase of the second portion
of the second transmit signal to obtain a second ampli-
tude-and-phase-adjusted signal;

transmitting the first portion of the second transmit signal
using the transmit antenna loop of the second RF loop
pair;

receiving a second resulting signal using the receive
antenna loop of the second RF loop pair, wherein the
second resulting signal included signals from the trans-
mit loop of the first RF loop pair and from the tissue
being examined;

combining the second amplitude-and-phase-adjusted sig-
nal and the received second resulting signal to obtain a
second net received signal; and

generating the MRI output image based at least in part on
the second net received signal.

6. The method of claim 5, further comprising

electronically frequency matching a characteristic fre-
quency of the transmit antenna loop of second RF loop
pair to a transmit frequency of the first transmit signal
pulse;

electronically impedance matching a characteristic
impedance of the transmit antenna loop of second RF
loop pair to an impedance of the RF transmitter-
receiver electronics;

electronically frequency matching a characteristic fre-
quency of the receive antenna loop of second RF loop
pair to a transmit frequency of the first transmit signal
pulse; and

electronically impedance matching a characteristic
impedance of the receive antenna loop of second RF
loop pair to an impedance of the RF transmitter-
receiver electronics.

7. The method of claim 1, wherein the providing further

includes:
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providing an MRI magnet having an MRI magnet bore,
wherein the housing, the first RF loop pair, at least a
portion of the RF transmitter-receiver electronics, and
at least a portion of the combiner are located in the
magnet bore;

providing gradient coils located in the MRI magnet bore;

and
providing MRI console electronics including a system
controller, wherein the system controller provides gra-
dient-control signals to the gradient coils, tuning/
matching control signals to a plurality of automatic
tune-and-match circuits, RF signal-out transmit pulse
sequences sent to a plurality of RF transmitter units,
and attenuation/phase (A/P) control signals sent to a
plurality of attenuator-phase-adjustment circuits, and
wherein, the system controller also receives a plurality
of net received RF signals and generates an MR image
therefrom.
8. A non-transitory computer-readable medium having
instructions stored thereon for causing a suitably pro-
grammed information processor to execute a method for
processing radio-frequency (RF) signals suitable for mag-
netic-resonance imaging (MRI) and/or magnetic-resonance
spectroscopy (MRS) from radio-frequency (RF) coils that
have strongly-coupled coil loops to improve signal-to-noise
ratio (SNR) of the received signal obtained from tissue being
examined, in a system that includes a housing, a transmitter-
receiver-electronics unit mounted on the housing, and plu-
rality of RF loop pairs mounted to the housing, wherein the
plurality of RF loop pairs includes a first RF loop pair,
wherein the first RF loop pair includes a transmit antenna
loop, and a receive antenna loop that is strongly coupled to,
and substantially of equal shape and size as, the transmit
antenna loop, and wherein a first transmit signal pulse is split
into a first portion and a second portion; wherein the method
comprises:
adjusting an amplitude and a phase of the second portion
of the first transmit signal pulse to obtain a first
amplitude-and-phase-adjusted signal pulse;

transmitting the first portion of the transmit signal pulse
using the transmit antenna loop of the first RF loop pair;

receiving a first resulting signal using the receive antenna
loop of the first RF loop pair, wherein the receive
antenna loop is strongly coupled to the transmit antenna
loop, and wherein the first resulting signal includes
signals from the transmit loop and from the tissue being
examined;

combining the first amplitude-and-phase-adjusted signal

and the first received resulting signal to obtain a first net
received signal; and

generating an MRI output image based at least in part on

the first net received signal.

9. The non-transitory computer-readable medium of claim
8, wherein the medium further comprises instructions such
that the adjusting of the amplitude and the phase of the
second portion of the first transmit signal pulse includes
passing the second portion of the first transmit signal pulse
through a length of coax cable and electronically adjusting
an impedance of circuitry that operates on the second
portion of the first transmit signal pulse.

10. The non-transitory computer-readable medium of
claim 8, wherein the medium further comprises instructions
such that the method further comprises:

electronically frequency matching a characteristic fre-

quency of the transmit antenna loop of first RF loop
pair to a transmit frequency of the first transmit signal
pulse; and
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electronically impedance matching a characteristic
impedance of the transmit antenna loop of first RF loop
pair to an impedance of the RF transmitter-receiver
electronics.

11. The non-transitory computer-readable medium of
claim 8, wherein the medium further comprises instructions
such that the method further comprises:

electronically frequency matching a characteristic fre-
quency of the receive antenna loop of first RF loop pair
to a transmit frequency of the first transmit signal pulse;
and

electronically impedance matching a characteristic
impedance of the receive antenna loop of first RF loop
pair to an impedance of the RF transmitter-receiver
electronics.

12. The non-transitory computer-readable medium of
claim 8, wherein the medium further comprises instructions
such that the method further comprises:

electronically frequency matching a characteristic fre-
quency of the transmit antenna loop of first RF loop
pair to a transmit frequency of the first transmit signal
pulse;

electronically impedance matching a characteristic
impedance of the transmit antenna loop of first RF loop
pair to an impedance of the RF transmitter-receiver
electronics;

electronically frequency matching a characteristic fre-
quency of the receive antenna loop of first RF loop pair
to a transmit frequency of the first transmit signal pulse;
and

electronically impedance matching a characteristic
impedance of the receive antenna loop of first RF loop
pair to an impedance of the RF transmitter-receiver
electronics.

13. An apparatus for processing radio-frequency (RF)
signals suitable for magnetic-resonance imaging (MRI) and/
or magnetic-resonance spectroscopy (MRS) from radio-
frequency (RF) coils that have strongly-coupled coil loops to
improve signal-to-noise ratio (SNR) of the received signal
obtained from tissue being examined, the apparatus com-
prising:

a housing;

radio-frequency (RF) transmitter-receiver electronics
mounted to the housing, wherein the RF transmitter-
receiver-electronics includes a first RF transmitter unit
and a first RF receiver unit, wherein the first RF
transmitter unit generates a first transmit signal that is
split into a first portion of the first transmit signal and
a second portion of the first transmit signal;

a first RF loop pair mounted to the housing, wherein the
first RF loop pair includes a transmit antenna loop
operably connected to transmit the first portion of the
first transmit signal and a receive antenna loop that is
strongly coupled to, and substantially of equal shape
and size as, the transmit antenna loop and configured to
receive signals from the transmit antenna loop of the
first RF loop pair and from the tissue being examined;
and

combiner electronics operatively coupled to obtain sig-
nals from the receive loop of the first RF loop pair and
to obtain the second portion of the first transmit signal
and configured to combine the second portion of the
first transmit signal and the signals from the receive
loop of the first RF loop pair to form a first net received
signal.

14. The apparatus of claim 13, wherein the first RF

receiver unit further includes:
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a frequency-tuning capacitor, an impedance-matching
capacitor, an RF trap, and a preamplifier.

15. The apparatus of claim 13, wherein the combiner

electronics further includes:

an attenuator-phase-adjustment circuit coupled to adjust
an amplitude and phase of the second portion of the first
transmit signal.

16. The apparatus of claim 13, wherein the combiner

electronics further includes:

an attenuator-phase-adjustment circuit that includes a
length of coax cable and an electronically controlled
impedance that provides adjustment to phase and
amplitude of the second portion of the first transmit
signal.

17. The apparatus of claim 13,

wherein the apparatus includes a plurality of RF loop
pairs mounted to the housing including a second RF
loop pair, wherein the second RF loop pair includes a
transmit antenna loop and a receive antenna loop,

wherein the RF transmitter-receiver-electronics includes a
plurality of RF transmitter units and a plurality of RF
receiver units, wherein each of the plurality of RF
transmitter units generates a respective one of a plu-
rality of transmit signals, wherein the plurality of RF
transmitter units includes a second RF transmitter unit,
wherein the plurality of RF receiver units includes a
second RF receiver unit, wherein the second RF trans-
mitter unit generates a second transmit signal of the
plurality of transmit signals that is split into a first
portion of the second transmit signal and a second
portion of the second transmit signal,

wherein the transmit antenna loop of the second RF loop
pair is operably connected to transmit the first portion
of the second transmit signal and the receive antenna
loop of the second RF loop pair is configured to receive
signals from the transmit antenna loop of the first RF
loop pair and from the tissue being examined, and

wherein the combiner electronics is operatively coupled
to obtain signals from the receive loop of the second RF
loop pair and to obtain the second portion of the second
transmit signal and is configured to combine the second
portion of the second transmit signal and the signals
from the receive loop of the second RF loop pair to
form a second net received signal.

18. The apparatus of claim 13,

wherein the apparatus includes a plurality of RF loop
pairs mounted to the housing, wherein the plurality of
RF loop pairs includes a second RF loop pair, wherein
the second RF loop pair includes a transmit antenna
loop and a receive antenna loop,

wherein the RF transmitter-receiver-electronics includes a
plurality of RF transmitter units and a plurality of RF
receiver units, wherein each of the plurality of RF
transmitter units generates a respective one of a plu-
rality of transmit signals, wherein the plurality of
transmit signals includes a second RF transmitter unit,
wherein the plurality of RF receiver units includes a
second RF receiver unit, and wherein the second RF
transmitter unit generates a second transmit signal of
the plurality of transmit signals that is split into a first
portion of the second transmit signal and a second
portion of the second transmit signal,

wherein the transmit antenna loop of the second RF loop
pair is operably connected to transmit the first portion
of the second transmit signal and the receive antenna
loop of the second RF loop pair is configured to receive
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signals from the transmit antenna loop of the first RF
loop pair and from the tissue being examined,

wherein the combiner electronics is operatively coupled
to obtain signals from the receive loop of the second RF
loop pair and to obtain the second portion of the second
transmit signal and is configured to combine the second
portion of the second transmit signal and the signals
from the receive loop of the second RF loop pair to
form a second net received signal, and

wherein each of the plurality of RF receiver units further
includes a least one frequency-tuning capacitor, a plu-
rality of impedance-matching capacitors, a plurality of
RF traps, and a plurality of preamplifiers.

19. The apparatus of claim 13,

wherein the apparatus includes a plurality of RF loop
pairs mounted to the housing including a second RF
loop pair, wherein the second RF loop pair includes a
transmit antenna loop and a receive antenna loop,

wherein the RF transmitter-receiver-electronics includes a
plurality of RF transmitter units each of which gener-
ates a respective one of a plurality of transmit signals
including a second RF transmitter unit, and a plurality
of RF receiver units including a second RF receiver
unit, wherein the second RF transmitter unit generates
a second transmit signal of the plurality of transmit
signals that is split into a first portion of the second
transmit signal and a second portion of the second
transmit signal,

wherein the transmit antenna loop of the second RF loop
pair is operably connected to transmit the first portion
of the second transmit signal and the receive antenna
loop of the second RF loop pair is configured to receive
signals from the transmit antenna loop of the first RF
loop pair and from the tissue being examined,

wherein the combiner electronics is operatively coupled
to obtain signals from the receive loop of the second RF
loop pair and to obtain the second portion of the second
transmit signal and is configured to combine the second
portion of the second transmit signal and the signals
from the receive loop of the second RF loop pair to
form a second net received signal, and

wherein the apparatus further includes a plurality of
attenuator-phase-adjustment circuits each coupled to
adjust an amplitude and a phase of the second portion
of a respective one of the plurality of transmit signals.

20. The apparatus of claim 13,

wherein the apparatus includes a plurality of RF loop
pairs mounted to the housing including a second RF
loop pair, wherein the second RF loop pair includes a
transmit antenna loop and a receive antenna loop,

wherein the RF transmitter-receiver-electronics includes a
plurality of RF transmitter units each of which gener-
ates a respective one of a plurality of transmit signals
including a second RF transmitter unit, and a plurality
of RF receiver units including a second RF receiver
unit, wherein the second RF transmitter unit generates
a second transmit signal of the plurality of transmit
signals that is split into a first portion of the second
transmit signal and a second portion of the second
transmit signal,

wherein the transmit antenna loop of the second RF loop
pair is operably connected to transmit the first portion
of the second transmit signal and the receive antenna
loop of the second RF loop pair is configured to receive
signals from the transmit antenna loop of the first RF
loop pair and from the tissue being examined, and
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wherein the combiner electronics is operatively coupled
to obtain signals from the receive loop of the second RF
loop pair and to obtain the second portion of the second
transmit signal and is configured to combine the second
portion of the second transmit signal and the signals
from the receive loop of the second RF loop pair to
form a second net received signal, and

wherein the apparatus further comprises:

a plurality of attenuator-phase-adjustment circuits each
coupled to adjust an amplitude and a phase of the
second portion of a respective one of the plurality of
transmit signals;

a plurality of automatic tune-and-match circuits opera-
tively coupled to the RF transmitter-receiver-electron-
ics;

an MRI magnet having an MRI magnet bore, wherein the
housing, the plurality of RF loop pairs, at least a portion
of the RF transmitter-receiver electronics, and at least
a portion of the combiner electronics are located in the
magnet bore;

gradient coils located in the MRI magnet bore; and

MRI console electronics including a system controller,
wherein the system controller provides gradient-control
signals to the gradient coils, tuning/matching control
signals to the plurality of automatic tune-and-match
circuits, RF signal-out transmit pulse sequences sent to
the plurality of RF transmitter units, and attenuation/
phase (A/P) control signals sent to the plurality of
attenuator-phase-adjustment circuits, and wherein, the
system controller also receives a plurality of net
received RF signals and generates an MR image there-
from.
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