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Description

Title of Invention: DETECTION OF MAGNETIC FIELDS USING

[1]

[2]

[3]

[4]

NANO-MAGNETS
Technical Field

This invention relates to detecting magnetic field and magnetic resonance imaging
(MRD).
Background Art

Magnetic Resonance Imaging (MRI) is primarily a medical imaging technique
commonly used in radiology to visualize the internal structure and function of a body.
MRI includes a magnet, such as 'C' shaped permanent magnet, resistive electromagnet
and cylindrical superconducting electromagnet. Such magnet generates a powerful
magnetic field to align the nuclear magnetization of hydrogen atoms in water in the
body. Radio frequency (RF) field is usedto systematically alter the alignment of this
magnetization, causing the hydrogen nuclei to produce rotating magnetic field signals
detectable by a scanner or a detector. These signals can be manipulated by additional
magnetic fields to build up enough information to construct an image of the body.
Because clinical magnets generally have a field strength, such as, in the range of 0.2 -
3.0 tesla (T) and a large swiss roll shape, the conventional MRI is neither portable nor

cost effective.
Disclosure of Invention

Solution to Problem

In one embodiment, a device for detecting magnetic field is provided. The device
includes a first set of nano-magnets and a second set of nano-magnets. The first set of
nano-magnets is operable to induce a RF magnetic field, and thesecond set of nano-
magnets is operable to induce a first electrical signal in response to a magnetic
resonance signal caused by the RF magnetic field. The device can further include a
detector configured to detect the first electrical signal, and a source configured to apply
a second electrical signal to the first set of nano-magnets. The first set of nano-magnets
and the second set of nano-magnets can be arranged in a two-dimensional array. The
RF magnetic field may excite spins of a target disposed between the first set of nano-
magnets and the second set of nano-magnets. The magnetic resonance signal may be
generated in response to the excited spins. Materials for each nano-magnet of the first
and second sets may include ferromagnetic metals, transition metals, or single-
molecule magnets.

The device can further include a negative refractive index medium operable to

convert the magnetic resonance signal into a sub-wavelength focused magnetic field



[5]

[6]

[7]

[8]

[9]

WO 2011/052933 PCT/KR2010/007293

signal. The negative refractive index medium may be positioned between the first and
second sets of nano-magnets. The second set of nano-magnets may be operable to
induce the first electrical signal in response to the sub-wavelength focused magnetic
field signal. The RF magnetic field may excite spins of a target disposed between the
first set of nano-magnets and the negative refractive index medium. Then the magnetic
resonance signal may be generated in response to the excited spins of the target.

In another embodiment, a magnetic resonance imaging ("MRI") device is provided.
The MRI device includes the illustrative device, a detector configured to detect the first
electrical signal, a source configured to apply a second electrical signal to the first set
of nano-magnets, a controller, and a data processing unit. The controller is coupled to
the source and a data processing unit and is configured to instruct the source to apply
the second electrical signal to the first set of nano-magnets and the data processing unit
to collect data related to the first electrical signal. The data processing unit is
configured to create images for display based on the collected data.

The MRI device can further include a negative refractive index medium configured
to convert the magnetic resonance signal into sub-wavelength focused magnetic field
signal. The negative refractive index medium may be positionedbetween the first and
second sets of nano-magnets. The second set of nano-magnets may be operable to
induce the first electrical signal in response to the sub-wavelength focused magnetic
field signal. The RF magnetic field may excite spins of a target disposed between the
first set of nano-magnets and the second set of nano-magnets. The magnetic resonance
signal may be generated in response to the excited spins.

Further, the RF magnetic field can be between approximately 0.2 and 3 Tesla, and
the spins of the target can be resonant at a frequency between approximately 8.5 and
128 MHz.

In another embodiment, amethod for detecting magnetic field is provided. The
method includes generating a RF magnetic field from a first set of nano-magnets,
exciting spins of a target based on the RF magnetic field, generating a magnetic
resonance signal from the excited spins of the target, and inducing a first electrical
signal based on the magnetic resonance signal at a second set of nano-magnets.The RF
magnetic field can be generated by applying a second electrical signal to the first set of
nano-magnets, and inducing the RF magnetic field based on the second electrical
signal at the first set of nano-magnets.

The method can further include converting the magnetic resonance signal into a sub-
wavelength focused magnetic field signal prior to inducing the first electrical signal. In
this case, the first electrical signal may be induced based on the sub-wavelength

focused magnetic field signal.
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Brief Description of Drawings

FIG. 1 shows a schematic diagram of an illustrative embodiment of a magnetic field
detection device.

FIG. 2 shows a schematic diagram of the device of FIG. 1 illustrating detection of a
magnetic field in accordance with one example.

FIG. 3 is a flowchart of an illustrative embodiment of the method for detecting a
magnetic field shown in FIG. 2.

FIG. 4 shows a schematic diagram of another illustrative embodiment of a magnetic
field detection device.

FIG. 5 is a flowchart of another illustrative embodiment of a method for detecting a
magnetic field.

FIG. 6 shows a schematic diagram of an illustrative embodiment of an MRI device.
Mode for the Invention

In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. The illustrative embodiments
described in the detailed description, drawings, and claims are not meant to be limiting.
Other embodiments may be utilized, and other changes may be made, without
departing from the spirit or scope of the subject matter presented herein. It will be
readily understood that the aspects of the present disclosure, as generally described
herein, and illustrated in the Figures, can be arranged, substituted, combined,
separated, and designed in a wide variety of different configurations, all of which are
explicitly contemplated herein.

FIG. 1 shows a schematic diagram of an illustrative embodiment of a magnetic field
detection device. As depicted, a device 100 includes a first set of nano-magnets 110
and a second set of nano-magnets 120 facing first set of nano-magnets 110. In some
embodiments, first set of nano-magnets 110 and second set of nano-magnets 120 are
positioned apart from each other so that a target 150 can be disposed therebetween.
Examples of target 150 include any organism, such as a human body, an animal, a
plant, or any inorganic substance. The distance between first and second sets of nano-
magnets 110 and 120 can be controlled to allow target 150 to be disposed between first
and second sets of nano-magnets 110 and 120.

With reference to FIG. 1, first and second sets of nano-magnets 110 and 120 includes
substrates 112 and 122, respectively, and multiple numbers ofnano-magnets 111 and
121 respectively arranged on substrates 112 and 122. In some embodiments, nano-
magnets 111 and 121 may be arranged in a two-dimensional array on substrates 112

and 122, respectively. For example, as depicted in FIG. 1, the multiple numbersof
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nano-magnets 111 and 121 can be arranged in two rows on substrate 112 and 122, re-
spectively. The number or arrangement of nano-magnets 111 and 121 can be de-
termined based on the size and shape of target 150.

Materials for nano-magnets 111 and 121 can include ferromagnetic metals, transition
metals, or single-molecule magnets. For example, materials for nano-magnets 111 and
121 may include, without limitation, Ti/Au, Ti/Pt, Ct/Au, Cr/Pt, CoFe, NiFe, Co, Ni,
or Fe. Nano-magnets 111 may be arranged in any configuration on substrate 112,
without limitation, to induce a magnetic field in the vertical direction of substrate 112.
Nano-magnets 121 may be arranged in any configuration on substrate 122, without
limitation, to receive a magnetic resonance signal from target 150 in the vertical
direction of substrate 122. The magnetic resonance signal is generated from target 150
in response to the magnetic field, which will be further explained hereinafter.

In some embodiments, nano-magnets 111 and 121 can be concentric as shown in
FIG. 1. Concentric nano-magnet 111 and 121 can have nano-sized radii of, for
example, about 500nm to 2000nm, or about 700nm to 1400nm. Concentric nano-
magnet 111 and 121 can have nano-sized widths of, for example, about 50nm to
500nm, or about 200nm to 500nm. Nano-magnets 111 and 121 can be fabricated by
electron beam lithography and lift-off process on substrates 112 and 122, respectively.
Particularly, nano-magnets 111 and 121 can be fabricated by depositing a base
metallayer for nano-magnets 111 and 121 on substrates 112 and 122, respectively,
using any of variety of well-known metal deposition techniques, such as sputtering,
electroplating, e-beam evaporation, thermal evaporation, laser-induced evaporation,
and ion-beam induced evaporation, and selectively removing the base metal layer to
form nano-magnets 111 and 121 having a ring-type metal loop using the lift-off
process. Herein, the term "lift-off process" refers to the process of creating structures
of a target material on the surface of a substrate using a sacrificial material. By way of
example, substrates 112 and 122 may have a substantially rectangular or square shape,
and be comprised of, for example, Si/SiO2. The base metal layer can be composed of
Ti/Au, Ti/Pt, Cr/Au, Cr/Pt, CoFe, NiFe, Co, Ni, or Fe.

In some embodiments, nano-magnets 111 of first set of nano-magnets 110 is
operable to induce a RF magnetic field in response to a time-varying electric field,
which may exist around first set of nano-magnets110. By way of example, first set of
nano-magnets 110 may be placed in an area near or surrounded with electrically
charged objects or a power transmitter wirelessly transmitting an electric power. In
another embodiment, the electric field may be provided from an external device. By
way of example, a source 130 may be operably, for example, electrically coupled to
first set of nano-magnets 110 to apply a second electrical signal to first set of nano-

magnets 110. By ways of example, source 130 may include a power source to apply
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the second electrical signal (for example, an AC current) to first substrate 112 of first
set of nano-magnets 110 such that nano-magnets 111 positioned on first substrate 112
induce the RF magnetic field.

The induced RF magnetic field can be used to excite spins of target 150. Assuming
that target 150 is a human body interposed between first and second sets of nano-
magnets 110 and 120, an alignment of a nuclear magnetization of hydrogen atoms in
water contained in the body can be systematically altered in response to the induced
RF magnetic field. As used herein, the term "spins of target 150"refers to the sys-
tematical alternation of the alignment of the nuclear magnetization of hydrogen atoms
in water contained in target 150. Accordingly, the RF magnetic field can excite the
spins of target 150 interposed between first set of nano-magnets 110 and second set of
nano-magnets 120. The excitation of the spins of target 150 can generate a magnetic
resonance signal.

In response to the magnetic resonance signal generated from the excited spins of
target 150, an AC voltage is induced at nano-magnets 121 ofsecond set of nano-
magnets 120 based on Faraday's law of induction, and thus an AC current flows
through nano-magnets 121 of second set of nano-magnets 120. Accordingly, the
magnetic resonance signal can be detected as a first electrical signal, such as a voltage
signal or a current signal, through second set of nano-magnets 120, which will be
described hereinafter.

In some embodiments, device 100 may optionally include a detector 140 to detect the
magnetic resonancesignal. Detector 140 may be operably, for example, electrically
coupled to second set of nano-magnets 120. By ways of examples, detector 140 may
include a current detector or a voltage detector. In some embodiment, detector 140may
be electrically coupled to second substrate 122 of second set of nano-magents 120 and
detect the magnetic resonance signal as a first electrical signal induced from nano-
magnets 121 positioned on second substrate 122 of second set of nano-magnets 120.
For another example, detector 140 may be coupled to nano-magnets 121 to detect the
first electrical signal from nano-magnets 121.

With reference to FIGS. 2 and 3, a method for detecting a magnetic field in ac-
cordance with one example is described hereinafter. FIG. 2 shows a schematic diagram
of the device of FIG. 1 illustrating detection of a magnetic field in accordance with one
example. FIG. 3 is a flowchart of an illustrative embodiment of the method for
detecting a magnetic field shown in FIG. 2. As illustrated above with respect to FIG. 1,
the second electric signal, such as an AC current is supplied from source 130 to nano-
magnets 111 of first set of nano-magnets 110 (Step 310). A time-varying magnetic flux
(that is RF magnetic field) is induced from the AC current through nano-magnets 111

of first set of nano-magnets 110 (Step 320) based on Faraday's law of induction.
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In one example, the RF magnetic field can be between approximately0.2 and 3 Tesla
and cause nuclear spins of target 150 to align and to be resonant at the local Larmor
frequency between approximately 8.5 and 128 MHz. The nuclear spins are excited and
precess around an axis along the direction (as depicted by the arrow in FIG. 2) of the
RF magnetic field (Step 330). A magnetic resonance signal is generated from the
excited spins (Step 340). Nano-magnets 121 coupled to detector 140 induce the first
electrical signal based on the magnetic resonance signal from target 150 (Step 350).
The induction of the first electrical signal is based on Faraday's law of induction.

FIG. 4 showsa schematic diagram of another illustrative embodiment of a device for
detecting magnetic field. A device 400 has the same constitutions as those shown in
FIG. 1 except that device 400 has a negative refractive index medium 460 interposed
between first set of nano-magnets 110 and second set of nano-magnets 120. Negative
refractive index medium 460 may include any material which features negative re-
fractive properties. For example, metamaterial can be used as negative refractive index
medium 460. Here, the term "metamaterial"is narrowly used in the electromagnetics
fields to refer to materials exhibiting negative refraction.

Negative refractive index medium 460 can convert an incident magnetic resonance
signal into a sub-wavelength focused magnetic field signal. Here, the term "incident
magnetic resonance signal” refers to the magnetic resonance signal generated from
target 150 as described above. The term "sub-wavelength"is used to describe an object
having one or more dimensions smaller than the wavelength of a wave with which the
object interacts. For example, a sub-wavelength particle is a particle smaller than the
wavelength of light with which it interacts.

When an electromagnetic wave is transmitted from a material with an index of re-
fraction nl to another material with refraction n2, with an incident angle 0,, a
transmitted angle 0, of a transmitted wave is determined by the Snell's law of re-
fraction: n; sin0; = n, sin0,. When n, is negative, the transmitted angle 0, and the
incident angle O, are of opposite signs. Since the index of negative refractive index
medium 460 is negative, an incident angle and a transmitted angle of negative re-
fractive index medium 460 are of opposite signs. Herein, the term, "incident angle"
refers to an angle between an electromagnetic waveincident on a surface and aline per-
pendicular to the surface at a point of incidence. The term, "transmitted angle" is also
called as "angle of refraction," and refers to an angle formed by a refracted electro-
magnetic wave and a line perpendicular to a refracting surface at a point of refraction.
Thus, the magnetic resonance signal from target 150 through negative refractive index
medium 460 can be focused onto an area having dimensions smaller than a square
wavelength. Thus, a size of first and second sets of nano-magnets 110 and 120 can be

reduced because the magnetic resonance signal which has passed though negative re-
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fractive index medium 460 isfocused on a certain area of substrate 122, which is
smaller than the area of negative refractive index medium 460 on which the incident
magnetic resonance signal is arrived.

FIG. 5 is a flowchart of the illustrative embodiment of the method for detecting
magnetic field of FIG. 4. The second electrical signal is applied from source 300 to
first set of nano-magnets 110 (step 510). First set of nano-magnets 110 induces RF
magnetic field based on the applied electrical signal (step 520). The induced RF
magnetic field excites spins of target 150 (step 530), and a magnetic resonance signal
is generated based on the spin excitation (step 540). The magnetic resonance signal is
converted into a sub-wavelength focused magnetic field signal through negative re-
fractive index medium 460 (step 550). The sub-wavelength focused magnetic field
signal is applied to second set of nano-magnets 120, which induces the first electrical
signal based on the sub-wavelength focused magnetic field signal (step 560).

FIG. 6 showsa schematic diagram of an illustrative embodiment of a magnetic
resonance imaging ("MRI") device. An MRI device 600 includes device to detect a
magnetic field 100, a controller 610, and a data processing unit 620. Device 100 has
the same configurations as depicted in FIG. 1. That is, device 100 includes first and
second sets of nano-magnets 110 and 120 facing each other, source 130 to apply the
second electric signal to first set of nano-magnets 110, and detector 140 to detect the
first electric signal induced by second set of nano-magnets 120. In some embodiments,
MRI device 600 may include device 400 todetect a magnetic field, instead of device
100. In such a case, device 400 may further include negative refractive index medium
460 placed or positioned between first and second sets of nano-magnets 110 and 120.

Controller 610 is configured to control both device 100 and data processing unit 620.
Controller 610 instructs source 130 to apply the second electrical signal to first set of
nano-magnets 110. Controller 610 instructs data processing unit 620 to collect data, for
example, phase and/or frequency data from a first electrical signal from detector 140.
Data processing unit 620 is configured to associate with controller 610. Data
processing unit 620 collects data from detector 140 of device 100 and generates and
outputs images for display based on the collected data. In some embodiments, MRI
device 600 can optionally include a display 630 configured to display the images from
data processing unit 620. For example, display 630 includes a screen, such as LCD
display, and is configured to display the output images generated from data processing
unit 620 on the screen.

In some embodiment, MRI device 600 can be used as a health monitoring device. In
some embodiments, MRI device 600 examines a target (for example, an organ or a
tissue of the target) by receiving an electrical signal (for example, a second electrical

signal from source 130 in FIG. 1) to excite spinsof the target, and detecting an
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electrical signal (for example, the first electrical signal detected by detector 140 in
FIG. 1) generated in response to a magnetic resonance signal caused by the excited
spins. Since MRI device 600 can be configured as a hand-held portable MRI device, a
small size of target, such as a part of a body (for example, a human finger) can be
easily examined at any place.

As described above, a magnetic resonance signal can be easily detected in devices
100 and 400, and MRI device 600 by applying an electric signal between first and
second sets of nano-magnets which are relatively small and simply manufactured.
Further, the simple and small configuration of devices 100, and 400 allow MRI device
600 to be compact and portable. Thus, a certain small part of a target can be examined
using MRI 600 conveniently at home as well as a hospital.

One skilled in the art will appreciate that, for this and other processes and methods
disclosed herein, the functions performed in the processesand methods may be im-
plemented in differing order. Furthermore, the outlined steps and operations are only
provided as examples, and some of the steps and operations may be optional,
combined into fewer steps and operations, or expanded into additional steps and op-
erations without detracting from the essence of the disclosed embodiments.

The present disclosure is not to be limited in terms of the particular embodiments
described in this application, which are intended as illustrations of various aspects.
Many modifications and variations can be made without departing from its spirit and
scope, as will be apparent to those skilled in the art. Functionally equivalent methods
and apparatuses within the scope of the disclosure, in addition to those enumerated
herein, will be apparent to those skilled in the art from the foregoing descriptions. Such
modifications and variations are intended to fall within the scope of the appended
claims. The present disclosure is to be limited only by the terms of the appended
claims, along with the full scope of equivalents to which such claims are entitled. It is
to be understood that this disclosure is not limited to particular methods, reagents,
compounds compositions or biological systems, which can, of course, vary. It is also to
be understood that the terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to be limiting.

With respect to the use of substantially any plural and/or singular terms herein, those
having skill in the art can translate from the plural to the singular and/or from the
singular to the plural as is appropriate to the context and/or application. The various
singular/plural permutations may be expressly set forth herein for sake of clarity.

It will be understood by those within the art that, in general, terms used herein, and
especially in the appended claims (e.g., bodies of the appended claims) are generally
intended as "open" terms (e.g., the term "including"should be interpreted as "including

but not limited to," the term "having" should be interpreted as "having at least," the
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term "includes" should be interpreted as "includes but is not limited to,"etc.). It will be
further understood by those within the art that if a specific number of anintroduced
claim recitation is intended, such an intent will be explicitly recited in the claim, and in
the absence of such recitation no such intent is present. For example, as an aid to un-
derstanding, the following appended claims may contain usage of the introductory
phrases "at least one" and "one or more" to introduce claim recitations. However, the
use of such phrases should not be construed to imply that the introduction of a claim
recitation by the indefinite articles "a" or "an" limits any particular claim containing
such introduced claim recitation to embodiments containing only one such recitation,
even when the same claim includes the introductory phrases "one or more" or "at least
one" and indefinite articles such as "a" or "an" (e.g., "a" and/or "an" should be in-
terpreted to mean "at least one" or "one or more"); the same holds true for the use of
definite articles used to introduce claim recitations. In addition, even if a specific
number of an introduced claim recitation is explicitly recited, those skilled in the art
will recognize that such recitation should be interpreted to mean at least the recited
number (e.g., the bare recitation of "two recitations," without other modifiers, means at
least two recitations, or two or more recitations). Furthermore, in those instances where
a convention analogous to "at least one of A, B, and C, etc."is used, in general such a
construction is intended in the sense one having skill in the art would understand the
convention (e.g., " a system having at least one of A, B, and C"would include but not
be limited to systems that have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.). In those instances where
a convention analogous to "at least one of A, B, or C, etc." is used, in general such a
construction is intended in the sense one having skill in the art would understand the
convention (e.g., " a system having at least one of A, B, or C"would include but not be
limited to systems that have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.). It will be further un-
derstood by those within the art that virtually any disjunctive word and/or phrase
presenting two or more alternative terms, whether in the description, claims, or
drawings, should be understood to contemplate the possibilities of including one of the
terms, either of the terms, or both terms. For example, the phrase "A or B"will be un-
derstood to include the possibilities of "A" or "B" or "A and B."

In addition, where features or aspects of the disclosure are described in terms of
Markush groups, those skilled in the art will recognize that the disclosure is also
thereby described in terms of any individual member or subgroup of members of the
Markush group.

As will be understood by one skilled in the art, for any and all purposes, such as in

terms of providing a written description, all ranges disclosed herein also encompass
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any and all possible subranges and combinations of subranges thereof. Any listed
range can be easily recognized as sufficiently describing and enabling the same range
being broken down into at least equal halves, thirds, quarters, fifths, tenths, etc. As a
non-limiting example, each range discussed herein can be readily broken down into a
lower third, middle third and upper third, etc. As will also be understood by one skilled

in the art all language such as "up to," "at least," and the like include the number
recited and refer to ranges whichcan be subsequently broken down into subranges as
discussed above. Finally, as will be understood by one skilled in the art, a range
includes each individual member. Thus, for example, a group having 1-3 cells refers to
groups having 1, 2, or 3 cells. Similarly, a group having 1-5 cells refers to groups
having 1, 2, 3, 4, or 5 cells, and so forth.

From the foregoing, it will be appreciated that various embodiments of the present
disclosure have been described herein for purposes of illustration, and that various
modifications may be made without departing from the scope and spirit of the present
disclosure. Accordingly, the various embodiments disclosed herein are not intended to

be limiting, with the true scope and spirit being indicated by the following claims.
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Claims

A device for detecting a magnetic field comprising:

a first set of nano-magnets operable to induce a radio frequency (RF)
magnetic field; and

a second set of nano-magnets operable to induce a first electrical signal
in response to a magnetic resonance signal caused by the RF magnetic
field.

The device of claim 1, further comprising a detector configured to
detect the first electrical signal.

The device of claim 1, further comprising a source configured to apply
a second electrical signal to the first set of nano-magnets.

The device of claim 1, wherein the first set of nano-magnets and the
second set of nano-magnets are arranged in a two-dimensional array.
The device of claim 1, wherein the RF magnetic field excites spins of a
target disposed between the first set of nano-magnets and the second set
of nano-magnets, and wherein the magnetic resonance signal is
generated in response to the excited spins.

The device of claim 1, wherein each nano-magnet of the first and
second sets comprises a material selected from the group consisting of
ferromagnetic metals, transition metals, and single-molecule magnets.
The device of claim 1, further comprising:

a negative refractive index medium positioned between the first and
second sets of nano-magnets and operable to convert the magnetic
resonance signal into a sub-wavelength focused magnetic field signal,
wherein the second set of nano-magnets is operable to induce the first
electrical signal in response to the sub-wavelength focused magnetic
field signal.

The device of claim 7, wherein the RF magnetic field excites spins of a
target disposed between the first set of nano-magnets and the negative
refractive index medium, and wherein the magnetic resonance signal is
generated in response to the excited spins of the target.

A magnetic resonance imaging ("MRI") device comprising:

the device of claim 1 configured to detect the RF magnetic field;

a detector configured to detect the first electrical signal;

a source configured to apply a second electrical signal to the first set of
nano-magnets;

a controller, coupled to both the source and a data processing unit,
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configured to instruct the source to apply the second electrical signal to
the first set of nano-magnets and the data processing unit to collect data
related to the first electrical signal; and

the data processing unit configured to create images for display based
on the collected data.

The MRI device of claim 9, further comprising:

a negative refractive index medium that is positionedbetween the first
and second sets of nano-magents and configured to convert the
magnetic resonance signal into a sub-wavelength focused magnetic
field signal,

wherein the second set of nano-magnets is operable to induce the first
electrical signal in response to the sub-wavelength focused magnetic
field signal.

The MRI device of claim 9, wherein the RF magnetic field excites
spins of a target disposed between the first set of nano-magnets and the
second set of nano-magnets, andwherein the magnetic resonance signal
is generated in response to the excited spins.

The MRI device of claim 9, wherein the RF magnetic field is between
approximately 0.2 and 3 Tesla.

The MRI device of claim 11, wherein the spins of the target are
resonant at a frequency between approximately 8.5 and 128 MHz.

The MRI device of claim 10, wherein the RF magnetic field excites
spins of a target disposed between the first set of nano-magnets and the
negative refractive index medium, and wherein the magnetic resonance
signal is generated in response to the excited spins of the target.

The MRI device of claim 10, wherein the RF magnetic field is between
approximately 0.2 and 3 Tesla.

The MRI device of claim 14, wherein the spins of the target are
resonant at a frequency between approximately 8.5 and 128 MHz.

A method for detecting magnetic field comprising:

generating a RF magnetic field from a first set of nano-magnets;
exciting spins of a target based on the RF magnetic field;

generating a magnetic resonance signal from the excited spins of the
target; and

inducing a first electrical signal based on the magnetic resonance signal
at a second set of nano-magnets.

The method of claim 17, wherein the generating RF magnetic field

comprises applying a second electrical signal to the first set of nano-
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magnets and inducing the RF magnetic field based on the second
electrical signal at the first set of nano-magnets.

[Claim 19] The method of claim 17 further comprising:
converting the magnetic resonance signal into a sub-wavelength
focused magnetic field signal prior to inducing the first electrical
signal,
wherein inducing the first electrical signal is performed based on the

sub-wavelength focused magnetic field signal.
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