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Magnetometry of Novel 2D Materials

Kasturi Saha, Madhur Parashar, Anuj Bhatla, Dasika Shishir
Department of Electrical Engineering, Indian Institute of Technology Bombay, Powai, Mumbai-400076, India
(Dated: May 10, 2022)

I. INTRODUCTION

In the past couple of years several new two dimensional
(2D) systems which show magnetic ordering have been dis-
covered. These include crystalline atomic layers of CrTe,
CtTe;,, MnSe;, VSe,, Crls, FePSs, and Cr,Ge, Teg. These sys-
tems provide an opportunity to study theoretical models such
as the Ising transition, the Berezinskii—Kosterlitz—Thouless
(BKT) transition, and the Mermin—Wagner model [|]. On the
practical side, these magnetic states can be controlled through
external interactions such as strain, light, electrical gating etc..
. Furthermore, novel quantum phases such as quantum Hall
effect, quantum spin Hall effect, quantum spin liquids are
expected to be present in these systems[2]. The success in
understanding these 2D magnetic materials and their techno-
logical utility critically relies on sensitive measurement tech-
niques to probe them. It is especially desirable to do spatially
resolved studies in contrast to bulk measurements.

Nitrogen vacancy(NV) centers in diamond can sense a wide
range of physical quantities in both scanning and wide-field
configurations. NV centers have been used to sense mag-
netic fields [3], temperature [4], electric fields [5], stress[0],
and conductivity [7]. The scanning mode offers a high spatial
resolution limited by the optical diffraction while the wide-
field mode offers a fast simultaneous readout of a large mea-
surement space at the cost of spatial resolution. Further, NV
center based magnetometry works at a wide range of tempera-
tures starting from 1 K[8] to 1000 K [9]. NV centers are non-
magnetic point-like defects with no back action on the sam-
ples. This allows non-invasive sensing of a variety of materi-
als ranging from thin superconducting films to magnetotactic
bacterial cells.

NV center-based magnetometry has been extensively used
to probe the magnetic state of 2D magnetic materials. L.
Thiel et al., (2019) [10], used scanning probe NV magnetome-
ter to measure the magnetization of Crl; crystalline layers. An
interesting dependence on the magnetic state and the num-
ber of layers (whether even or odd) was found. A similar
study was done on CrTe, by F. Fabreet al. , (2021), [I1].
McLaughlinet al. (2021)[12] used wide-field NV magne-
tometer to image exfoliated layers of Fe-chalcogenide. Fe-
chalcogenide (FeTe,Se;_,) shows coexistence of supercon-
ducting and ferromagnetic phase under a critical temperature.
Dynamic decoupling sequences extend the capabilities of NV
center based magnetometry from DC sensing to AC sens-
ing [13]. X.Y. Zhanget al. (2021) [14] made AC susceptibility
measurements at a frequency of 200 kHz on CrBr; using XY-
8 dynamical decoupling method. Another tool available using
NV based quantum system is relaxometry [13]. In relaxom-
etry, the T coherence time of the spin is measured. The co-
herence time is effected by surrounding magnetic interactions,

giving us valuable information about complex magnetic inter-
actions. Lillieetal. ,2018 [15] examined broadband magnetic
noise arising from various types of contamination of 2D films
using 7'} relaxometry.

II. DEVELOPMENT OF QUANTUM DIAMOND
MICROSCOPE

A. NV Magnetometry

In this section, we briefly describe the measurement pro-
tocol for measuring magnetic fields using NV centers in di-
amond. Several reviews can be found providing detailed de-
scription of quantum sensing and magnetometry [3, 16]. The
negatively charged nitrogen vacancy center has § = 1 elec-
tron spin. The system has an excited state manifold that lies
1.945eV (corresponding to a wavelength of 637 nm) above
the ground state manifold. In the ground state manifold,
mg = 0 is the lower energy state and the near degenerate
mg = =1 are the excited states. The energy difference between
these spin sub-levels is D = 2.87 GHz, where D is called the
zero field splitting parameter. In general, D is a function of
temperature and the internal crystal strain. In the presence
of external magnetic field B,,,, the degeneracy between states
mg = %1 is lifted. The spin Hamiltonian, H, can be written
as[3]

H
7=DS§+E(S)2(—S§)+'}/eBext'S’ (1)

where y, = gup/h =28 MHzmT! is the electron gyromag-
netic ratio, and E is the crystal strain coupling, and S, Sy, S,
are the Pauli spin-1 matrices. Here z-axis is one of the four
possible NV defect quantization axis in a diamond crystal as
shown in Fig.1. In the weak-field regime (Y.Bperp < D),

FIG. 1: Four possible orientations of NV-centers in a
diamond crystals. The red circle depicts the vacancy and the
blue circles depict the possible relative positions of nitrogen

atoms with respect to the defect.

the electron spin resonance frequencies v, of Hamiltonian of
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Eq. (1) are given by

ve =D+ JE? + (B )

When y,.B, > E, the split in resonances can be further sim-
plified as

ve=D=xvy.B,. 3

When excited by off-resonant green light (typically
532nm), the NV center shows a spin dependent photo-
luminescence (at 637 nm), where the state mg = 0 is brighter
than mg = =+1 states[!7]. By sweeping the microwave field
and recording the photo-luminescence, one can obtain the
magnetic field dependent resonant frequencies optically de-
tected magnetic resonance (ODMR) as shown in Eq. (3). The
typical field sensitivities obtained using the above mentioned
protocol range from few tens of nT/ VHz[18] to few tens
uT/ \Hz. The best reported sensitivity is 900 fT [19], for sin-
gle point detection corresponding to 25nT [19] per pixel in
wide-field imaging. Imaging magnetic fields using NV center
can be done in two modes. In a wide-field mode, the fluo-
rescence from a diamond with high surface NV concentration
is projected onto a CCD camera[20, 21] to reconstruct the
magnetic field map. This mode offers a large field of view
(few hundreds pum) in a time scale of a few minutes [20]. A
lock-in camera can improve the signal-to-noise ratio by re-
jecting the phase incoherent parts of the PL. The total acquisi-
tion time from a lock-in camera can be reduced to a few sec-
onds [22, 23]. The spatial resolution is however limited by the
optical diffraction. In the scanning mode, a nano-fabricated
diamond cantilever with a single NV center at the tip is used
in an AFM-like experimental setup [24, 25]. This mode offers
a high spatial resolution of few nano meters [25], and is ideal
for probing sub-diffraction magnetic features. However, the
scanning mode mechanism significantly increases the acqui-
sition time and system complexity.

B. Experimental Setup

We have built a wide field setup that enables the imaging
of a two-dimensional vector magnetic field from the sample.
The excitation starts with a Lighthouse photonics Sprout-H
532nm continuous laser adjustable upto SW [1. in Fig.2].
The laser is passed through two halfwave plates (Thorlabs
WPHI10M-532) [2. in Fig.2], which help in adjusting the
polarization of the light. The output from the halfwave
plate passes through a polarizing beam splitter (Thorlabs
PBS102) [3. in Fig. 2]. A polarizing beam splitter reflects the
s-polarized light at 45° angle and transmits the p-polarized
light. Combined with the half-wave plate, this allows for a
fine control of the laser output power. The laser beam is then
passed through a telescopic lens combination which reduces
the beam diameter. The narrow beam is passed through an
acousto-optic modulator (AOM, Isomet M1133-aQ80L-H) [4.
in Fig.2]. Crystalline quartz optical medium present in the
AOM is driven by 3.6 W, and 80 MHz RF signal to produce a
controlled diffraction pattern. The first-order diffraction spot

_~» Diamond
1
8. Camera/ 6'.10(.])(
Photodiode Objective | -
._-1 ‘1 / : 5. Dichroic /
; Mirror
7. Red Filter I 9. Movable
| stage
|
———d —_
/I( | + _‘, \
|
-/
1.532 nm

2. HWP 3. PBS 4. AOM

FIG. 2: Optical setup for magnetic field NV-center based
magnetic field sensing experiments.

from the AOM is only present when the RF signal is enabled.
By blocking the zeroth-order beam and with an iris (Thorlabs
ID25), and allowing only the first-order beam we can obtain
a switchable laser. The rise time of the laser was measured
to be around 70ns. All the switching, including the switch-
ing of RF signal for AOM, the microwave antenna is per-
formed by a digital pulse generator (PulseBlasterESR-PRO).
The first order spot is broadened again using a telescope lens
combination, and is made to fall on a 100x objective (Olym-
pus MPLFLN100X) [6. in Fig.2]. On the other end of the
objective, the diamond (procured from Element Six, with 1
ppm NV center layer of 1 um thickness) is placed. The di-
amond is glued to the microwave antenna mentioned above.
The red fluorescence from the diamond is collected through
the same objective. In order to separate the red fluorescence
from the excitation green laser, a dichroic mirror (Thorlabs
DMLP567) [S. in Fig.2] is placed, followed by optical long
pass filters (Di03-R488/561-t1-25x36) [7. in Fig. 2].

The fluorescence data is collected through a photo-diode
(Thorlabs DET102) [8. in Fig.2], which is connected to a
lock-in amplifier (SRS-850). The lock-in amplifier has an in-
ternal trans-impedance amplifier, with a gain of one million.
In the case of wide-field imaging, a fast lock-in camera (He-
liotis Helicam C3) is used. The lock-in camera can indepen-
dently demodulate each pixel giving a microscopic image of
the magnetic field.

Microwave signals in the range of 2.3 GHz to 3.2 GHz are
provided by a microwave signal generator (SRS SG-380) [1.
in Fig.3]. The signal generator is equipped with Inphase-
Quadrature (IQ) - modulation. 1Q modulation is required for
AC sensing protocols to control the phase of the microwave
signals. The microwave signals are switched on of and off
by a microwave switch (Miniciruits ZFSWA2-63DR+) [2. in
Fig. 3]. The signal is provided to a microwave amplifier (Mini
circuits ZHL-2W-63-S+)[3. in Fig. 3] with a 45 dB gain. Any
reflections from the microwave due to impedance mismatches
are prevented by a microwave circulator[4. in Fig. 3]. Finally
the microwave power is delivered to a microstrip based omega
antenna [S. in Fig. 3].
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FIG. 3: Microwave path for magnetic field NV-center based
magnetic field sensing experiments.
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hyper-fines due to '>N nucleus
resolved.

FIG. 4: cw-ODMR spectrum of NV~ center.

III. RESULTS
A. Continous Wave Experiments

In continuous wave experiments, microwave drive, laser ex-
citation, and signal readout occur simultaneously. This tech-
nique called the continuous-wave optically detected magnetic
resonance (cw-ODMR) is a simple and widely used technique
for magnetic field sensing. The simplicity of this technique
implies that it can be readily extended to a CCD camera for
wide-field magnetic field imaging. In cw-ODMR, laser exci-
tation continuously polarizes the NV-center into mg = 0 state.
When the microwave drive is resonant with mg = 0 — +1,
the states are driven to mg = =1 states. These states being
less fluorescent than mg = 0, state, result in a spectrum as
shown in Fig. 4a. The four peaks correspond to four different
NV~ axis as shown in Fig. 1. Whenever the microwave fre-
quency is resonant with mg = 0 — =*1 transition, there is a
drop in the fluorescence. This drop is typically of a few per-
cent below the baseline fluorescence. On a finer inspection of
each resonant frequency, we find that each resonant frequency
is split by the hyper-fine interaction between the NV~ elec-
trons and the spin-1/2 >N nucleus as shown in Fig.4b. The
splitting is usually around 3 MHz. Magnetic field sensitivity
in cw-ODMR experiments is given by [26]

4 h T
33 85 C,,, VR

New “)

Signal Reference

T

FIG. 5: Experimental protocol to obtain Rabi cycle. Orange
is a microwave pulse, green is the laser excitation pulse, and
red is photo-diode readout pulse. Contrast is measured as
defined in Eq. (6).

with photon detection rate R, line-width I', cw-ODMR con-
trast C,,,, and the rest being the standard physical constants.
In the experiments that we performed, the mean photo am-
plifier voltage was 0.2V. The amplifier was set to a gain
of 1 x 10° VA~!. The responsivity of the photo-diode was
0.45 AW~ at the NV-center resonance frequency of 637 nm.
This implies that the rate of incident photons R was ap-
proximately 8.95 x 10¥s™!. Using a spectral fit function
S(f,c1, fi.T1,¢2, f2,T2]) that is a sum of two Lorentzian
functions

S =l-—F =2 5)
LAY 1+ (BB

where ¢, I'1 2, fi2 are the contrast, line-width, and reso-
nant frequencies of the individual peaks, we extract the rele-
vant parameters. For the spectrum shown Fig. 4b, we obtain
the line-width I to be 1.7 MHz, and the contrast to be 0.006.
From Eq. (5), the sensitivity turns out to be 0.7 nT/ VHz.

B. Pulsed Experiments

In pulsed experiments, the electron spin evolves in the ab-
sence of excitation sources like light and microwave fields,
with only the fields to be sensed being present. This reduces
the effects of inhomogeneities that are present in the excitation
sources and leads to enhanced sensitivity. Pulsed experiments
are also essential for sensing AC fields.

1. Rabi Oscillations

Two levels of a quantum system |0), [1), show a cyclic
behaviour in the presence of an oscillatory driving field
B sin w.t, known as the Rabi oscillations. To obtain a Rabi
cycle, we first initialize the NV~ state to mg = 0 using a long
laser pulse (around 5us). Then we sweep the resonant mi-
crowave excitation time 7 as shown in Fig.5. At resonance
frequency, the Rabi oscillation frequency should be equal to
Qr = v.B;. To obtain a contrast we measurement again with
the microwave excitation off (Reference). The contrast is de-
fined as

Signal — Reference

Cmbi =1+ (6)

Signal + Reference’

with symbols Reference and Signal elaborated in Fig. 5. Rabi
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FIG. 6: Rabi cycle.

cycle that we obtained is shown in Fig. 6. The data obtained
is fit to the following function

R(t;[C, T4, Tg,0]) =1 —-Cexp (_Tid) cos (;—: (- 0)), @)

where C is the contrast, T, is the decay due to inhomogeneous
broadening, Ty is the Rabi cycle period, and 6 is an auxiliary
variable to account for small phase errors. The so called 7 and
the 7/2-pulse duration are defined as

T T
fr= 2, tgp = — (8)

4

For the Rabi cycle shown in Fig. 6, the m-pulse duration is
130ns, and the m/2-pulse duration is 65 ns. These durations
signify the durations for which we need to apply microwave
excitation to flip the spin from |0) to |1), |0) to a vector along
transverse axis in the Bloch sphere respectively.

2. Ramsey Fringes

Ramsey method is used to sense static fields. In Ramsey
experiment, the interaction of the qubit with sense field is seg-
regated from microwave drive and laser excitation. In gen-
eral, Ramsey method gives the best static field sensitivity. In
the Ramsey method, the qubit is initialized to |0) using a long
laser pulse.

(5),  (5),signat (%),

( 3 )Reference

FIG. 7: Ramsey experiment protocol.

Then using microwave n/2-pulse, the qubit is rotated to

transverse plane, with the spin state

1
=—(0)+]1 9
¥ \/§(|>+|>) (€))

After interacting with a static field which generates a de-
tuning of Aw for a duration 7, the spin evolves to

L
V2

A final /2 pulse converts the acquired phase to a population
difference

7 (10) + 7 |1)) (10)

y=3 (1™ )+ 5 (1=, an

with a transition probability
1
p=1=KO0W)P = 3 [1 - cos (Awr)]. (12)

The experimental protocol is illustrated in Fig. 7. Contrast is
defined similar to Eq. (6). The Ramsey fringes we obtained at
a de-tuning of 10 MHz are shown in Fig. 8. The data is fit to
the function

T
—F) cos (Awt +0), (13)

R(t;[C,T;, Aw,0]) = 1 - Cexp(
2

where C is the contrast, T7 is the transverse relaxation time,
and 6 is an auxiliary variable used to correct for phase er-
rors. T} signifies the time duration for which a qubit retains
its coherence in the transverse plane. For the fringes shown
in Fig.8, T; =380ns. The shot-noise limited sensitivity of
Ramsey method is [26]

h 1
NRamsey = Solln Cm’

where C is the contrast, and N, is the total photons collected.
The total photons collected as the product of photon emission
rate R and the collection time. In our experiment, the pho-
ton collection time is 500 ns. From Eq. (14), the shot noise
sensitivity turns out to be 450 pT.

(14)

3. Spin Echo and ESEEM

The spin echo experiment is used to probe the environment
of the spin. Spin environment is characterized by a decay time
period T, called the spin-spin relaxation time. The pulse se-
quence used in the experiment is depicted in Fig.9. The se-
quence consists of a 7/2 — 7 — 1 — 7 — /2 sequence. The spin
is initialized to my; = O using a green laser pulse. This is fol-
lowed by a 7r/2 pulse, which rotates the spin to a superposition
of my; = 0, and m; = 1. The coherence in the superposition is
lost due to the presence of spin-spin interactions. For common
noise cancellation, the pulse sequence is applied twice. In the
second sequence, the last /2 pulse of the spin-echo is phase-
shifted by 180° relative to the last /2 pulse of the first. The
contrast is calculated as difference over sum of these signals.
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FIG. 8: Ramsey fringes.
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FIG. 9: Experimental protocol for Spin echo experiment.

The resultant signal, shown in Fig. 10 was fit to the follow-
ing model function [27]

_t Ot . t
Popo(t) = exp(T—z) [1 — sin? ¢ sin® wT sin’ (L)Tl , (15

where w, is the envelop frequency, w; is the modulation fre-
quency, and T3 is the decay time. These parameters turn out
to be w, = 21 x 238krads™!, w; = 27 x 3Mrads~!, and
T, =7.89us. The modulation frequency is given approxi-

1 |- |

0.8 |- n

0.6 |- n
-
29

04 - n

0.2 N

0 - ]

! ! ! ! !
0 10 20 30 40
Time (us)

FIG. 10: ESEEM modulations in spin echo experiment.

mately by [27]
wy ~ 21 X [A] + wnB;], (16)

where A is the parallel hyper-fine constant (3 MHz), y, is the
nuclear Bohr magneton of 15N nucleus, and B, is the field
parallel to N'V-axis. Because y, is small, the modulation fre-
quency is generally close to the hyper-fine constant. The en-
velop frequency is given by [27]

woy ~ 271 X [y15n/27] By, (17

Substituting the values we obtained, the perpendicular field
is around 3.9 mT and the parallel field (from CW-ODMR) is
2.5mT. The 15N nucleus induces two modulation frequen-
cies, the faster modulation frequency corresponds to the Lar-
mor precession of the nucleus, and the envelop approximately
proportional to the component of the external magnetic field
perpendicular to the NV-center axis. The relaxation constant
T, dictates the minimum AC magnetic-field frequency can be
detected.

C. Widefield Magnetometry

In a wide-field magnetic microscope, we place a lock-in
camera to collect the red photo-luminescence from the ex-
cited diamond. The camera is fitted with a 75 mm tube lens.
The total optical magnification of the system is 33x. Each
camera pixel size is 40 pm in size. Thus, light from 1.3 pm
falls on 1 pixel of the lock-in camera. The microwave sig-
nal is frequency-shift keyed at a frequency of 6.25 kHz with a
frequency deviation of 100 kHz. The resultant signal from a
pixel of the camera at resonance is shown in Fig. 11. The sig-
nal shown in Fig. 11 is a derivative of sum of two Lorentzian
functions. The interaction with a nearby '>N nucleus leads to
a hyperfine splitting of 3.05 MHz.

5.000 |- N
0.000 |- I
—5.000 - I
—-10.000 ‘ ‘ ‘ ‘
2790 2795 2800 2805
Frequency (MHz)

FIG. 11: Lock-in signal at NV resonance from an individual
pixel of the lock-in camera.
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To obtain a magnetic field map, we extract the resonance
frequencies of each pixel and use Eq. (3) to get the magnetic
field along a particular axis of that pixel. For a quasi-static
magnetic field in a source-free region, Maxwell’s equations
require the field to be divergence and curl-free. With these
two conditions imposed, one can reconstruct the entire vector
field by knowing the field along any one axis. In the reciprocal
domain, we have the relations

—ikyb,(ky, ky)

blksky) = (18)
JE+ i
—iky,b,(ky, k

by (ko by) = 2o ) (19)

2+ k2

In a diamond crystal [111] direction has a unit vector
( Vv2/3,0, V1/ 3), with respect to lab frame of reference. Thus,
we can write

2 1
bini(ky, ky) = \/;bx(kmky)+ \/;bz(kx, ky).  (20)

By using Eq. (18) through Eq. (20), one can find all the mag-
netic field components from the field along a single NV axis.
To verify and calibrate our magnetic microscope, we fabri-
cated a 10 um wide gold wire on top a silicon wafer using e-
beam lithography and sputtering. We glued the silicon wafer
to the diamond and passed a current of 10 um through it.
The vector magnetic field image from the sample is shown
in Fig. 12. The magnetic field map matches the expectation of
field profile from a current carrying wire.

200 {Z4HHHHEHTHIEIEITI L s> 20
— - e e e 44 44 A ‘ R R N 444/ «
= IS
=: Ty T 1] AN
FITTATITTOTS | o
E ’;;ffff‘f“f‘Ii‘E &
= = 0<
= po =
= -10
S fiiie 20
100 150 200

(um)

FIG. 12: Vector magnetic field map from a 10 um current
carrying wide gold wire. The black arrows represent the
location of the gold wire.

We then demonstrated for the first time a wide-field mag-
netic field microscope capable of probing dynamically vary-
ing microscale magnetic field features at tunable imaging
frame rates of 50-200 frames per second. In our demonstra-
tion we used planar microcoil sample with detailed microscale
features, consisting of multiple current flow paths separated
by ~ 7 um, current flow track width 10 um and multiple 90°

turns in the current flow path. While maintaining microscale
spatial resolution, individual pixels in the imaging view were
shown to track applied magnetic fields in time with correct
amplitude and phase for both periodic current waveforms and
short 150 ms arbitrary current waveform. More details are
available. In Fig. 13, we show magnetic field imaging of an
arbitrary millisecond scale magnetic variation at 208 frames
per second from the microcoil sample. The current signal here
mimicks the current from a neuronal axon.

(@) ®) 300ms  389ms  394ms
1000 . ; " :L. |
[ ) ., B B
. 500 ‘ ‘
E 2 = 2% - | LY
5 0
H 436 ms
3

413 ms 427 ms
-500 - [ 4 o | benea F 5_
J— =
1000 R I [ ] 0 2
250 300 350 400 450 500 _{ k L o
Time (ms) - ~ e -5

FIG. 13: Temporal imaging of an arbitrary millisecond scale
magnetic field variation at 208 frames per second of the
microcoil sample.

We also imaged the magnetic fields arising from 20nm
thick Nickel micro-magnets shown in Fig. 14a. In Fig. 14b,
the variation in NV resonance frequency arising from the
micro-magnet array is shown. Each micro-magnet has a dipo-
lar kind of field as shown in Fig. 15a. The resultant was fit to
a dipolar field

o3 )
B(m,r):'u— (m-:t)f —m

4n r3 @1

to extract the dipole moment and stand-off distance of the
micro-magnets as shown in Fig. 15b. The dipole moment of
each micro-magnet was found to be 1.3 x 10" JT~!, with a
stand-off distance of 13 um.

el
2771.058
a
a
<
2771.00 2
e
S

2770.95

(a) Array of Nickel (pm)

micromagnets. (b) Resonance frequency map from an

array of nickel micromagnets.

FIG. 14: Micro-magnet Array

IV. ACCOMPLISHMENTS

In a prior research work, published in Communication
Physics (2020) [28], we have proposed a novel algorithm to
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FIG. 15: Micro-magnet Array

reconstruct 3D magnetic field activity produced by action po-
tentials (AP) of mammalian neurons located in a cortical vol-
ume. We have simulated the expected 2D microscale mag-
netic field patterns measured by diamond NV microscopy. In
fundamental work by Roth ez. al[29], it has been shown that
3D current source reconstruction is a non-unique inverse prob-
lem, unless additionally constrained with prior source infor-
mation. Our analyses have shown that the axon hillock seg-
ment in the neuron provides a unique dominant signature to
resolve neuronal activity in 3D with sufficient accuracy. Since
AP magnetic fields are millisecond scale phenomena, our dy-
namic magnetic microscopy setup may enable us to probe
novel AP associated magnetic fields at microscope resolution.
In Ref. [30], we demonstrated for the first time a wide-field
magnetic field microscope capable of probing dynamically
varying microscale magnetic field features at tunable imaging
frame rates of 50-200 frames per second.

V. FUTURE WORK

While the orginal proposal was intended to investigate 2D
materials ar low temperature, the lack of funding for procur-
ing the cryostat led us to focus on developing the room tem-
perature quantum diamond microscope with the capability to
investigate dynamic microscopic magnetic features. With the
advent of room temperature 2D ferromagnetic materials, in
the near future, we would like to use the capabilities of our
wide-field magnetic microscope to investigate the properties
of Ferromagnetic van der Waals (vdW) crystals. Although,
most of the vdW compounds have a Curie temperature T¢
well below 300K, compounds of Chromium and Tellurium
are known to show ferromagnetic order under ambient condi-
tions as well [31]. In Fig. 16, magnetic field images of a CrTe,
flake obtained using a scanning based NV magnetometer is
shown by F Fabreet al. 2021 [11]. A quantitative estimate of

the magnetization was obtained to be 27 kA m~!. We would
like to perform a similar characterization of these materials us-
ing the wide-field microscope described in previous sections.
Despite the loss of spatial resolution while using a wide-field
microscope, we can gain insight over a large field of view (of
the order of hundreds of microns.). Not only would we like
to do DC characterization, but extend the characterization to
wide-field relaxometry and AC-sensing [32]. In this context
we have recently interacted with Prof. Efren Navvaro for ob-
taining CrTe samples.
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FIG. 16: (a) AFM topography of CrTe, flake. (b) Magnetic field image obtained from scanning probe. (c) Simulated field
image. [Adapted from [ 1]]
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