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HIGHER MAGNETIC SENSITIVITY THROUGH FLUORESCENCE MANIPULATION

BY PHONON SPECTRUM CONTROL

FIELD

[0001] The present invention generally relates to magnetometers, and more particularly, to

higher magnetic sensitivity through fluorescence manipulation by phonon spectrum control.

BACKGROUND

[0002] A number of industrial applications including, but not limited to, medical devices,

communication devices, long range magnetic imaging and navigation systems, as well as

scientific areas such as physics and chemistry can benefit from magnetic detection and imaging

with a device that has extraordinary sensitivity, ability to capture signals that fluctuate very

rapidly (bandwidth) all with a substantive package that is extraordinarily small in size, efficient

in power and infinitesimal in volume.

[0003] Atomic-sized nitrogen-vacancy (NV) centers in diamond lattices have been shown to

have excellent sensitivity for magnetic field measurement and enable fabrication of small

magnetic sensors that can readily replace existing-technology (e.g., Hall-effect) systems and

devices. Diamond NV (DNV) sensors can be maintained in room temperature and atmospheric

pressure and can even be used in liquid environments (e.g., for biological imaging). DNV-based

magnetometry relies on measuring small changes on large signal background. The background

signal is large because over half of the content is coming from NV states that do not contribute to

the signal. The NV background overlaps with the desired NV- signal making it difficult to

optically separate the background from the desired signals.

SUMMARY

[0004] According to various aspects of the subject technology, methods and systems are

described for achieving higher magnetic sensitivity through fluorescence manipulation by

phonon spectrum control. Manipulating the phonon content within the diamond by the subject

technology alters the fluorescence spectrum. The alteration of the fluorescence spectrum results

in narrower bandwidths allowing background suppression through optical filtering.

[0005] One implementation relates to a method for increasing magnetic sensitivity for a

diamond nitrogen vacancy sensor. The method includes providing a diamond having nitrogen

vacancies of a DNV sensor and an acoustic driver and acoustically driving the diamond with the

acoustic driver to manipulate a phonon spectrum of the DNV sensor.



[0006] In some implementations, the acoustic driver acoustically drives the diamond parallel

to the nitrogen vacancies of a lattice of the diamond. In other implementations, the acoustic

drive acoustically drives the diamond parallel, orthogonal, or at any angle relative to the cut of

the diamond. In some implementations, the acoustic driver is a piezoelectric acoustic driver. In

some implementations, the method further includes applying a long pass filter to filter NV°

photon emissions from NV photon emissions. In some implementations, the method further

includes modifying a shape of the diamond to manipulate the phonon spectrum based on

resonance of the diamond from the shape. In some implementations, the method further includes

matching an optical drive of the DNV sensor with a NV° zero phonon line.

[0007] Another implementation relates to a diamond nitrogen-vacancy sensor that includes a

diamond having nitrogen vacancies, a photo detector configured to detect photon emissions from

the diamond responsive to laser excitation of the diamond, and an acoustic driver configured to

manipulate a phonon spectrum for the DNV sensor by acoustically driving the diamond.

[0008] In some implementations, the acoustic driver acoustically drives the diamond parallel

to the nitrogen vacancies of a lattice of the diamond. In some implementations, the acoustic

driver is a piezoelectric acoustic driver. In some implementations, the DNV sensor further

includes a long pass filter to filter NV° photon emissions from NV photon emissions detected by

the photo detector. In some implementations, the diamond is formed to manipulate the phonon

spectrum based on resonance of the diamond.

[0009] Yet another implementation relates to a diamond nitrogen-vacancy sensor that

includes a diamond having nitrogen vacancies along several lattices, a photo detector configured

to detect photon emissions from the diamond responsive to laser excitation of the diamond, and

an acoustic driver configured to manipulate a phonon spectrum for the DNV sensor by

acoustically driving the diamond. The diamond is shaped to manipulate the phonon spectrum

based on resonance of the diamond for the plurality of lattices

[0010] In some implementations, the acoustic driver acoustically drives the diamond parallel

to the nitrogen vacancies of a lattice of the diamond. In some implementations, the acoustic

driver is a piezoelectric acoustic driver. In some implementations, the DNV sensor further

includes a long pass filter to filter NV° photon emissions from NV photon emissions detected by

the photo detector.



[0011] Still a further implementation relates to a method for determining an acoustic driving

frequency for a diamond of a diamond nitrogen vacancy sensor. The method includes

acoustically driving a diamond having nitrogen vacancies of a DNV sensor at a first frequency

using an acoustic driver, detecting a first set of NV° photon emissions and a first set of NV

photon emissions from the DNV sensor, acoustically driving the diamond of the DNV sensor at a

second frequency using the acoustic driver, detecting a second set of NV° photon emissions and

a second set of NV photon emissions from the DNV sensor, and selecting the second frequency

for acoustically driving the diamond with the acoustic driver to manipulate a phonon spectrum

based on a wavelength difference between a peak of the second set of NV° photon emissions and

the second set of NV photon emissions from the DNV sensor.

[0012] In some implementations, the acoustic driver acoustically drives the diamond parallel

to the nitrogen vacancies of a lattice of the diamond. In some implementations, the acoustic

driver is a piezoelectric acoustic driver. In some implementations, the method further includes

applying a long pass filter to filter NV° photon emissions from NV photon emissions detected

by the photo. In some implementations, the method further includes modifying a shape of the

diamond to manipulate the phonon spectrum based on resonance of the diamond.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The details of one or more implementations are set forth in the accompanying

drawings and the description below. Other features, aspects, and advantages of the disclosure

will become apparent from the description, the drawings, and the claims, in which:

[0014] FIG. 1 is a graphical diagram depicting NV° and NV photon intensity relative to

wavelength without fluorescence manipulation;

[0015] FIG. 2 is a graphical diagram for the indirect band gap for a diamond having nitrogen

vacancies depicting a valence band and a conduction band on an energy versus momentum (E vs.

k) plot and showing a zero phonon line, an optical drive for exciting an electron over the band

gap, and the recombination of the electron from various points of the conduction band to

generate photons;

[0016] FIG. 3 is a graphical diagram depicting NV° and NV photon intensity relative to

wavelength with fluorescence manipulation;

[0017] FIG. 4 is a process diagram for fluorescence manipulation of the diamond having

nitrogen vacancies through phonon spectrum manipulation using an acoustic driver;



[0018] FIG. 5 is a process diagram for determining an acoustic driving frequency for phonon

spectrum manipulation; and

[0019] FIG. 6 is a block diagram depicting a general architecture for a computer system that

may be employed to interact various elements of the systems and methods described and

illustrated herein.

[0020] It will be recognized that some or all of the figures are schematic representations for

purposes of illustration. The figures are provided for the purpose of illustrating one or more

embodiments with the explicit understanding that they will not be used to limit the scope or the

meaning of the claims.

DETAILED DESCRIPTION

[0021] In some aspects of the present technology, methods and systems are disclosed for

providing higher magnetic sensitivity magnetometers through fluorescence manipulation by

phonon spectrum control. For diamond nitrogen-vacancy sensors, optical contrast between a

resonant microwave frequency and an off resonant frequency fundamentally determines

sensitivity. The total fluorescence of the system is a combination of the desired negatively

charged NV centers (NV-) and the magnetically neutral uncharged NV centers (NV°).The

subject technology can manipulate the phonon spectrum to alter the phonon sideband of

fluorescence spectrum of both the NV° and NV centers. During room temperature operation, the

NV° fluorescence spectrum overlaps with the NV spectrum. Thus, generating separation

between these overlapping spectrums by altering the phonon mediated spectrum allows a filter to

be used with the magnetometer device and/or with the data output from the magnetometer device

to filter out the unwanted spectrum of NV° photon emissions while reducing the amount of NV

photon emissions filtered out.

[0022] In the context of DNV spectrometry, optical contrast is defined by ratio of NV

photon emissions to total fluorescence. The total fluorescence is a combination of NV° photon

emissions, NV photon emissions, and a ratio of photon emissions transmitted to scattered optical

drive, such as transmitted into the diamond of the DNV and/or absorbed by other nitrogen

vacancies. The optical drive is traditionally higher energy and narrowband making it easy to

filter out. The majority of fluorescence from NV° centers and NVcenters that originates from a

phonon sideband is a function of the energy versus momentum (E vs. k). That is, the

fluorescence from the NV° centers and NVcenters that originates from the phonon sideband is a



function of the applied optical drive and the momentum imparted by a phonon assisting the

transition of the electron from the conduction band to the valence band. The width and shape of

the spectral content of the photon emissions is thus a function of the combination of the phonon

spectrum and the E vs. k variation.

[0023] At room temperature, the fluorescence of wavelengths of the NV° photon emissions

and the NV photon emissions overlap because the phonon spectrum is dominated by

temperature. Controlling the phonon spectrum can alter the response fluorescence spectrum,

which can allow the spectrum profile of wavelengths of the NV° photon emissions and the NV

photon emissions to be narrowed. By narrowing the spectrum profiles, the peaks of the NV°

photon emissions at a particular wavelength and the NV photon emissions at another particular

wavelength display a more defined difference in fluorescence intensity peaks based on the

greater separation of the NV° and NV spectra. The more defined fluorescence intensity peaks

can permit a filter, such as a long pass filter, to be used to filter out the unwanted NV° photon

emissions, thereby increasing the optical contrast for the remaining NV photon emissions.

[0024] The NV° and NV spectra can be manipulated through acoustic driving and diamond

shape optimization that affects the phonon spectrum experienced by the NV° centers and NV

centers. For instance, acoustic driving can increase and/or control the phonon spectrum by

generating phonons within the lattice structure of the diamond at a specific frequency or at a set

of specific frequencies. The generation of phonons at a specific frequency can narrow the

phonons experienced by the NV centers within the diamond such that the effects of other

phonons, e.g., lattice vibrations, such as those introduced based upon the temperature of the

material, may be reduced. The narrowing of phonons experienced by the NV centers can result in

sharper wavelength intensity peaks for the NV° photon emissions and the NV photon emissions.

Thus, by acoustically driving the diamond at a particular frequency, the bandwidth of the NV°

and NV spectra can be narrowed to permit optical filtering. In some implementations, the shape

of the diamond can be modified to enhance the phonon spectrum by modifying the resonance of

the diamond. The resonance of the diamond can also narrow the phonons experienced by the

NV° and NV centers. In some further implementations, the optical drive applied to the diamond

of the DNV sensor may be matched with a NV° zero phonon line to decrease the phonon

sideband.



[0025] FIG. 1 is a graphical diagram 100 depicting an example of a DNV optical

fluorescence spectrum from NV° centers and NV centers. For a DNV based optically detected

magnetic resonance (ODMR) sensor, the meaningful signal is a change in fluorescence of the

NV states, indicating a resonant energy level. The inactive NV° fluorescence spectrum 120,

however, overlaps the desired signal of the NV fluorescence spectrum 110. Thus, for a large

portion of the NV fluorescence spectrum 110, the NV° fluorescence spectrum 120 causes a large

background signal that is subject to noise and that ultimately raises the noise floor and reduces

magnetic field detection sensitivity. The majority of the spectral content of the NV fluorescence

spectrum is the result of the phonon mediated transitions. In some materials, such as indirect

bandgap materials, exciton recombination requires absorption of a phonon and release of a

photon. The released photon is the fluorescence of the NV fluorescence spectrum 110 and/or

NV° fluorescence spectrum 120 shown in FIG. 1 . In room temperature diamonds, there is a

Boltzmann distribution of phonon energies dictated by the temperature and variations in

vibrations experienced in the lattice structure of the diamond, resulting in a broad phonon

spectrum that can be experienced by the NV° and NV centers of the diamond. Thus, the broad

phonon spectrum results in the broad bandwidth of the NV fluorescence spectrum 110 and NV°

fluorescence spectrum 120 as shown in FIG. 1 . The NV fluorescence spectrum 110 and NV°

fluorescence spectrum 120 overlap, thus resulting in an increase in the background of the signal

and low optical contrast.

[0026] FIG. 2 depicts an energy vs. momentum diagram 200 for the indirect band gap of a

diamond of a DNV sensor showing a valence band 210 and a conduction band 220. When an

optical drive 230 is applied to and absorbed by an electron in the valence band 210, the excited

electron is elevated to the conduction band 220. When the electron returns to the ground state

from the conduction band 220 through recombination, a photon is emitted. When electrons in a

diamond of a DNV sensor recombine from various points of the conduction band 220, such as

due to the phonon sideband, a fluorescence spectrum of photons 250 are emitted as shown in

FIG. 1 . In some implementations, matching the optical drive frequency 230 with a zero phonon

line (ZPL) 240 can decrease the phonon sideband, thereby increasing the optical contrast.

However, at low temperatures, such as near 0 Kelvin, the vibrational energy due to temperature

is minimal, which results in a minimal phonon sideband. The energy of the resulting photons is

h , where h is the Plank constant and ω is the angular frequency, which is equal to 2 f , where /



is the frequency. Thus, when an optical drive 230 is applied along a zero phonon line (ZPL) 240,

the fluorescence spectrum would include a single peak at the ZPL frequency when a fluorescence

photon 250 is emitted. If vibrational energy is introduced into the diamond at such low

temperatures, such as through an acoustic driver, then the added vibrational energy results in

phonon energy, hP 0 non, that can be imparted to the electrons in the momentum direction of the

diagram 200 for phonon assisted transitioning. The resulting fluorescence photons 250 emitted

from the phonon driven electrons results in a second peak for the driven vibrational frequency.

The driven vibrational frequency can be adjusted to narrow the phonon spectrum at room

temperature, thereby narrowing the fluorescence spectrum for the photons 250 that are emitted

from the diamond at room temperature. In some implementations, the shape of the diamond can

be modified to manipulate the phonon spectrum by modifying the resonance of the diamond,

either separately or in addition to the driven vibrational frequency.

[0027] FIG. 3 illustrates is a graphical diagram 300 depicting NV° and NV photon intensity

spectra relative to wavelength with fluorescence manipulation. As shown in FIG. 3, the desired

signal of the NV fluorescence spectrum 310 and the inactive NV° fluorescence spectrum 320

include narrower bandwidths for the peaks at particular frequencies due to controlling the

phonon spectrum that alters the response fluorescence spectrum. The phonon spectrum

manipulation can be controlled through acoustic driving and/or diamond size and/or shape

optimization. The narrow bandwidth peaks allows for greater separation between the NV° and

NV spectra, which enables the use of filtering to increase optical contrast. For instance, a filter,

such as a long pass filter, can be used to filter out the unwanted NV° photon emissions while

filtering a minimal amount of NV photon emissions, thereby increasing the optical contrast. The

subject technology provides a device that can control the phonon content within the diamond

resulting in a controlled spectral content. This allows for better background suppression and

overall greater optical contrast. The optical contrast can be directly related to the overall system

sensitivity. For instance, with narrower bandwidth peaks for the NV fluorescence spectrum 310,

smaller changes in magnitude of an external magnetic field can be detected. In some instances,

controlling the phonon spectrum within the diamond may allow achieving an optical contrast that

approaches the theoretical limit or approximately 25%.

[0028] FIG. 4 depicts a method 400 for fluorescence manipulation of a diamond having

nitrogen vacancies through phonon spectrum manipulation using an acoustic driver. The method



400 includes providing a diamond having nitrogen vacancies and an acoustic driver (block 402).

The diamond having nitrogen vacancies can be part of a DNV sensor that includes a photo

detector configured to detect photon emissions from the diamond responsive to laser excitation

of the diamond. The acoustic driver may be a piezoelectric acoustic driver or any other acoustic

driver for inducing vibrations to the diamond. In some implementations, the acoustic driver may

be coupled to the diamond to directly impart vibrational energy to the diamond or may be spaced

apart from the diamond to indirectly impart vibrational energy to the diamond. In some

implementations, the acoustic driver may be positioned relative to the diamond such that the

acoustic driver drives the diamond parallel to the nitrogen vacancies of a lattice of the diamond.

[0029] The method 400 may include modifying a shape and/or size of the diamond to

manipulate a phonon spectrum based on resonance of the diamond (block 404). The shape of the

diamond may be modified to alter the internal resonance of the diamond such that the phonons

resulting from the vibrational energy imparted based on the temperature can be narrowed for the

phonon spectrum. In some instances, the size of the diamond may also be modified to alter the

resonance to manipulate the phonon spectrum.

[0030] The method 400 further includes acoustically driving the diamond with the acoustic

driver to manipulate the phonon spectrum (block 406). Acoustically driving the diamond may

include activating the acoustic driver at a particular frequency to narrow the phonon spectrum. In

some implementations, the acoustic driver may be a piezoelectric acoustic driver. In some

implementations, the acoustic driver may be positioned relative to the diamond such that the

acoustic driver drives the diamond parallel to the nitrogen vacancies of a lattice of the diamond.

[0031] The method may include applying a long pass filter to filter NV° photon emissions

from NV photon emissions (block 408). The filter, such as a long pass filter, can be used to filter

out the unwanted NV° photon emissions while filtering a minimal amount of NV photon

emissions, thereby increasing the optical contrast. In some implementations, the long pass filter

may be incorporated into the photo detector of the DNV sensor and/or may be applied to data

output from the photo detector.

[0032] FIG. 5 depicts a method 500 for determining an acoustic driving frequency for

phonon spectrum manipulation for a DNV sensor. The method 500 can include subjecting a

diamond of a DNV sensor to near 0 Kelvin (block 502). The diamond of the DNV sensor

includes nitrogen vacancies and the DNV sensor may include a photo detector configured to



detect photon emissions from the diamond responsive to laser excitation of the diamond.

Subjecting the diamond to near 0 Kelvin may include cryogenically cooling the diamond to a

near 0 Kelvin temperature.

[0033] The method 500 includes acoustically driving the diamond having nitrogen vacancies

of the DNV sensor at a first frequency using an acoustic driver (block 504). Acoustically driving

the diamond may include activating the acoustic driver at a particular frequency to narrow the

phonon spectrum. In some implementations, the acoustic driver may be a piezoelectric acoustic

driver. In some implementations, the acoustic driver may be positioned relative to the diamond

such that the acoustic driver drives the diamond parallel to the nitrogen vacancies of a lattice of

the diamond. The first frequency can be a randomly selected frequency, a frequency within a

range of frequencies, and/or a frequency based on a frequency response output.

[0034] The method 500 includes detecting a first set of NV° photon emissions and a first set

of NV photon emissions from the DNV sensor (block 506). The detection of the first set of NV°

photon emissions and the first set of NV photon emissions from the DNV sensor may include

receiving and processing data from a photo detector of the DNV sensor. In some

implementations, the first set of NV° photon emissions and the first set of NV photon emissions

from the DNV sensor may form spectra such as those shown in FIGS. 1 or 3 .

[0035] The method 500 includes acoustically driving the diamond having nitrogen vacancies

of the DNV sensor at a second frequency using an acoustic driver (block 508). The second

frequency can be a randomly selected frequency, a frequency within a range of frequencies,

and/or a frequency based on a frequency response output.

[0036] The method 500 includes detecting a second set of NV° photon emissions and a

second set of NV photon emissions from the DNV sensor (block 510). The detection of the

second set of NV° photon emissions and the second set of NV photon emissions from the DNV

sensor may include receiving and processing data from a photo detector of the DNV sensor. In

some implementations, the second set of NV° photon emissions and the second set of NV

photon emissions from the DNV sensor may form spectra such as those shown in FIGS. 1 or 3 .

[0037] The method 500 includes selecting the second frequency for acoustically driving the

diamond with the acoustic driver to manipulate a phonon spectrum based on a wavelength

difference between a peak of the second set of NV° photon emissions and the second set of NV

photon emissions from the DNV sensor (block 512). The selection of the second frequency may



be based on the second frequency producing a fluorescence spectrum similar to FIG. 3 rather

than FIG. 1 . In some implementations, the method 500 may include applying a long pass filter to

filter NV° photon emissions from NV photon emissions detected by the photo detector. In some

implementations, the method 500 can include modifying a shape of the diamond to manipulate

the phonon spectrum based on resonance of the diamond.

[0038] FIG. 6 is a diagram illustrating an example of a system 600 for implementing some

aspects of the subject technology. The system 600 includes a processing system 602, which may

include one or more processors or one or more processing systems. A processor can be one or

more processors. The processing system 602 may include a general-purpose processor or a

specific-purpose processor for executing instructions and may further include a machine-

readable medium 619, such as a volatile or non-volatile memory, for storing data and/or

instructions for software programs. The instructions, which may be stored in a machine-readable

medium 610 and/or 619, may be executed by the processing system 602 to control and manage

access to the various networks, as well as provide other communication and processing

functions. The instructions may also include instructions executed by the processing system 602

for various user interface devices, such as a display 612 and a keypad 614. The processing

system 602 may include an input port 622 and an output port 624. Each of the input port 622

and the output port 624 may include one or more ports. The input port 622 and the output port

624 may be the same port (e.g., a bi-directional port) or may be different ports.

[0039] The processing system 602 may be implemented using software, hardware, or a

combination of both. By way of example, the processing system 602 may be implemented with

one or more processors. A processor may be a general-purpose microprocessor, a

microcontroller, a Digital Signal Processor (DSP), an Application Specific Integrated Circuit

(ASIC), a Field Programmable Gate Array (FPGA), a Programmable Logic Device (PLD), a

controller, a state machine, gated logic, discrete hardware components, or any other suitable

device that can perform calculations or other manipulations of information.

[0040] A machine-readable medium can be one or more machine-readable media. Software

shall be construed broadly to mean instructions, data, or any combination thereof, whether

referred to as software, firmware, middleware, microcode, hardware description language, or

otherwise. Instructions may include code (e.g., in source code format, binary code format,

executable code format, or any other suitable format of code).



[0041] Machine-readable media (e.g., 619) may include storage integrated into a processing

system such as might be the case with an ASIC. Machine-readable media (e.g., 610) may also

include storage external to a processing system, such as a Random Access Memory (RAM), a

flash memory, a Read Only Memory (ROM), a Programmable Read-Only Memory (PROM), an

Erasable PROM (EPROM), registers, a hard disk, a removable disk, a CD-ROM, a DVD, or any

other suitable storage device. Those skilled in the art will recognize how best to implement the

described functionality for the processing system 602. According to one aspect of the disclosure,

a machine-readable medium is a computer-readable medium encoded or stored with instructions

and is a computing element, which defines structural and functional interrelationships between

the instructions and the rest of the system, which permit the instructions' functionality to be

realized. Instructions may be executable, for example, by the processing system 602 or one or

more processors. Instructions can be, for example, a computer program including code.

[0042] A network interface 616 may be any type of interface to a network (e.g., an Internet

network interface), and may reside between any of the components shown in FIG. 6 and coupled

to the processor via the bus 604.

[0043] A device interface 618 may be any type of interface to a device and may reside

between any of the components shown in FIG. 6 . A device interface 618 may, for example, be

an interface to an external device (e.g., USB device) that plugs into a port (e.g., USB port) of the

system 600.

[0044] The foregoing description is provided to enable a person skilled in the art to practice

the various configurations described herein. While the subject technology has been particularly

described with reference to the various figures and configurations, it should be understood that

these are for illustration purposes only and should not be taken as limiting the scope of the

subject technology.

[0045] One or more of the above-described features and applications may be implemented as

software processes that are specified as a set of instructions recorded on a computer readable

storage medium (alternatively referred to as computer-readable media, machine-readable media,

or machine-readable storage media). When these instructions are executed by one or more

processing unit(s) (e.g., one or more processors, cores of processors, or other processing units),

they cause the processing unit(s) to perform the actions indicated in the instructions. In one or

more implementations, the computer readable media does not include carrier waves and



electronic signals passing wirelessly or over wired connections, or any other ephemeral signals.

For example, the computer readable media may be entirely restricted to tangible, physical objects

that store information in a form that is readable by a computer. In one or more implementations,

the computer readable media is non-transitory computer readable media, computer readable

storage media, or non-transitory computer readable storage media.

[0046] In one or more implementations, a computer program product (also known as a

program, software, software application, script, or code) can be written in any form of

programming language, including compiled or interpreted languages, declarative or procedural

languages, and it can be deployed in any form, including as a stand-alone program or as a

module, component, subroutine, object, or other unit suitable for use in a computing

environment. A computer program may, but need not, correspond to a file in a file system. A

program can be stored in a portion of a file that holds other programs or data (e.g., one or more

scripts stored in a markup language document), in a single file dedicated to the program in

question, or in multiple coordinated files (e.g., files that store one or more modules, sub

programs, or portions of code). A computer program can be deployed to be executed on one

computer or on multiple computers that are located at one site or distributed across multiple sites

and interconnected by a communication network.

[0047] While the above discussion primarily refers to microprocessor or multi-core

processors that execute software, one or more implementations are performed by one or more

integrated circuits, such as application specific integrated circuits (ASICs) or field programmable

gate arrays (FPGAs). In one or more implementations, such integrated circuits execute

instructions that are stored on the circuit itself.

[0048] In some aspects, the subject technology is related magnetometers, and more

particularly to higher magnetic sensitivity magnetometers using fluorescence manipulation by

phonon spectrum control. In some aspects, the subject technology may be used in various

markets, including for example and without limitation, advanced sensors markets.

[0049] The description of the subject technology is provided to enable any person skilled in

the art to practice the various embodiments described herein. While the subject technology has

been particularly described with reference to the various figures and embodiments, it should be

understood that these are for illustration purposes only and should not be taken as limiting the

scope of the subject technology.



[0050] There may be many other ways to implement the subject technology. Various

functions and elements described herein may be partitioned differently from those shown without

departing from the scope of the subject technology. Various modifications to these embodiments

may be readily apparent to those skilled in the art, and generic principles defined herein may be

applied to other embodiments. Thus, many changes and modifications may be made to the

subject technology, by one having ordinary skill in the art, without departing from the scope of

the subject technology.

[0051] A reference to an element in the singular is not intended to mean "one and only one"

unless specifically stated, but rather "one or more." The term "some" refers to one or more.

Underlined and/or italicized headings and subheadings are used for convenience only, do not

limit the subject technology, and are not referred to in connection with the interpretation of the

description of the subject technology. All structural and functional equivalents to the elements

of the various embodiments described throughout this disclosure that are known or later come to

be known to those of ordinary skill in the art are expressly incorporated herein by reference and

intended to be encompassed by the subject technology. Moreover, nothing disclosed herein is

intended to be dedicated to the public regardless of whether such disclosure is explicitly recited

in the above description.



WHAT IS CLAIMED IS:

1. A method for increasing magnetic sensitivity for a diamond nitrogen vacancy

(DNV) sensor comprising:

providing a diamond having nitrogen vacancies of a DNV sensor and an acoustic driver;

and

acoustically driving the diamond with the acoustic driver to manipulate a phonon

spectrum for the DNV sensor.

2 . The method of claim 1, wherein the acoustic driver acoustically drives the

diamond parallel to the nitrogen vacancies of a lattice of the diamond.

3 . The method of claim 1, wherein the acoustic driver is a piezoelectric acoustic

driver.

4 . The method of claim 1 further comprising:

applying a long pass filter to filter NV° photon emissions from NV photon emissions.

5 . The method of claim 1 further comprising:

modifying a shape of the diamond to manipulate the phonon spectrum based on

resonance of the diamond from the shape.

6 . The method of claim 1 further comprising:

matching an optical drive of the DNV sensor with a NV° zero phonon line.

7 . A diamond nitrogen-vacancy (DNV) sensor comprising:

a diamond having nitrogen vacancies;

a photo detector configured to detect photon emissions from the diamond responsive to

laser excitation of the diamond; and

an acoustic driver configured to manipulate a phonon spectrum for the DNV sensor by

acoustically driving the diamond.

8 . The DNV sensor of claim 7, wherein the acoustic driver acoustically drives the

diamond parallel to the nitrogen vacancies of a lattice of the diamond.

9 . The DNV sensor of claim 7, wherein the acoustic driver is a piezoelectric acoustic

driver.

10. The DNV sensor of claim 7 further comprising:



a long pass filter to filter NV photon emissions from NV photon emissions detected by

the photo detector.

11. The DNV sensor of claim 7, wherein the diamond is formed to manipulate the

phonon spectrum based on resonance of the diamond.

12. A diamond nitrogen-vacancy (DNV) sensor comprising:

a diamond having nitrogen vacancies along a plurality of lattices, the diamond shaped to

manipulate the phonon spectrum based on resonance of the diamond for the plurality of lattices;

a photo detector configured to detect photon emissions from the diamond responsive to

laser excitation of the diamond; and

an acoustic driver configured to manipulate a phonon spectrum for the DNV sensor by

acoustically driving the diamond.

13. The DNV sensor of claim 12, wherein the acoustic driver acoustically drives the

diamond parallel to the nitrogen vacancies of a lattice of the diamond.

14. The DNV sensor of claim 12, wherein the acoustic driver is a piezoelectric

acoustic driver.

15. The DNV sensor of claim 12 further comprising:

a long pass filter to filter NV° photon emissions from NV photon emissions detected by

the photo detector.

16. A method for determining an acoustic driving frequency for a diamond of a

diamond nitrogen vacancy (DNV) sensor comprising:

acoustically driving a diamond having nitrogen vacancies of a DNV sensor at a first

frequency using an acoustic driver;

detecting a first set of NV° photon emissions and a first set of NV photon emissions from

the DNV sensor;

acoustically driving the diamond of the DNV sensor at a second frequency using the

acoustic driver;

detecting a second set of NV° photon emissions and a second set of NV photon

emissions from the DNV sensor; and



selecting the second frequency for acoustically driving the diamond with the acoustic

driver to manipulate a phonon spectrum based on a wavelength difference between a peak of the

second set of NV° photon emissions and the second set of NV photon emissions from the DNV

sensor.

17. The method of claim 16, wherein the acoustic driver acoustically drives the

diamond parallel to the nitrogen vacancies of a lattice of the diamond.

18. The method of claim 16, wherein the acoustic driver is a piezoelectric acoustic

driver.

19. The method of claim 16 further comprising:

applying a long pass filter to filter NV° photon emissions from NV photon emissions

detected by the photo detector.

20. The method of claim 16 further comprising:

modifying a shape of the diamond to manipulate the phonon spectrum based on

resonance of the diamond.
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