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FIG. 1. Measurement series of phase boundary movement through bilayer CrSBr going from high field (200 mT) to low field
(165 mT). a Illustration of bilayer CrSBr with FM (dark blue) and AFM (light blue) region. b Measurements were taken with
single point Iso-B imaging.

1. AFM TO FM PHASE TRANSITION

In this section, we give additional details on the measurements of the AFM to FM phase transition in the main
text. We also show additional data that was not used in the main text.

A. Phase boundary movement

As mentioned in the main text, we imaged the phase boundary movement through the bilayer using the Iso-B
technique. The applied frequency was tuned to give a signal of zero while in contact away from the flake, resulting in
more magnetised regions having a higher signal value. To perform these sweeps we first applied a large enough field
(B = 300 mT) to fully initialise the bilayer into the FM state. We then decreased the field incrementally, taking an
image (approximately 3 hours) at each field strength.

In Fig. 1 we show an additional dataset of the same flake but from a separate measurement series to that shown in
the main text. The image region consistences of a bilayer and monolayer section with an adjoining thicker sections
(4L) that remains in the AFM state throughout the series (Fig. 1 a). As the field is decreased the FM region in the
bilayer recedes (Fig. 1 b). During this process, the FM phase boundary moves faster along the a-axis (intermediate
axis) of the material than the b-axis (easy axis). The tendency for the phase wall to move along the a-axis was also
observed in a trilayer flake which will be discussed in Section 1 B.

B. Formation of FM region in trilayer CrSBr

To investigate the domain movement in trilayer CrSBr, we imaged a trilayer section of sample S2Encap , see Fig. 2a.
The small trilayer section flipped to a FM state in an external magnetic field of B = 300 mT applied along the NV
axis, Fig. 2b. Reducing the applied field to B = 290 mT introduced AFM domains in the trilayer flake, Fig. 2c. These
domains were evolving as a function of time: by re-imaging the flake at the same field (B = 290 mT) the AFM regions
extended further. Reinitilaizing the trilayer flake in the FM state by applying B = 300 mT and subsequently imaging
the flake at B = 250 mT shows a similar trend: AFM domains form and propagate though the flake, Fig. 2d. In both
cases, the domains propagated along the a-axis (intermediate axis) of the CrSBr flake. This finding is consistent with
the domain movement observed in bilayer CrSBr, Fig. 1, where propagation along the a-axis was preferred compared
to the b-axis (easy axis). Differently to the domain in bilayer CrSBr, which was stable for multiple hours under an
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FIG. 2. Measurement series of the formation of FM/AFM regions in trilayer CrSBr. a Magnetic field map of sample S2Encap .
Dashed box marks the region of the trilayer region shown in panels b-d. b Magnetic field map of FM ordered trilayer CrSBr
measured in an external field of B = 300 mT. c Consecutive measurements of the formation of AFM regions in predominantly
FM ordered trilayer CrSBr. The flake was first initialised in its FM state by applying B > 300 mT and subsequently measured
in a lower field (290mT) for three times in a row (1st to 3rd measurement). d Analog to c but measured in a lower external
B-field (250mT).

external applied magnetic field, the domain observed in trilayer was changing during scans, most likely due to a more
meta-stable state of the FM/AFM phase coexistence or an effect of dragging the domain with laser light.

C. Hysteresis loop

Using the Iso-B measurement method we took a series of images at different magnetic fields to map out the hysteresis
of the domain wall movement through the bi-layer, see Fig. 3a. These images show a clear difference in the domain
wall position with different magnetic sweeping directions. In order to calculate the hysteresis of the domain wall we
sum the number of pixels that are in the ferromagnetic state, as illustrated in Fig. 3b. Where the ferromagnetic state
is define as pixels with a normalised signal greater than 1:05. This is normalised by the number of total pixels on the
bi-layer region, such that

M =

P
pixelsFMP

pixels
: (1)

While is not a perfect estimation of the region it roughly approximates the FM region. The final result is then
normalised by the state when the flake to purely in the FM state to force this value to be 1 and minimise issues with
the imperfect threshold definition. This results in the hysteresis curve shown in Fig. 3c.

2. TEMPERATURE DEPENDENCE

A series of different measurements were performed at elevated temperatures with the aim of extracting the in-plane
anisotropy of the material and investigating the loss of long-range order. This is discussed in detail below.

In all measurements (unless otherwise stated) the temperature was measured by a resistivity thermal couple located
at the top of the piezo stack which held the sample. Due to the application of microwaves to drive the NV spin we
expect some offset in the real sample temperature compared with the sensor temperature. This offset is MW power-
dependent and hard to calibrate for a large range of temperatures. As such, we reference the temperature that was
measured by the sensor, which ultimately means the real temperature is several unknown degrees warmer.

A. Anisotropy measurement series

To investigate the transition from AFM to FM at higher temperatures we applied a magnetic field along the
intermediate a-axis of S4Air . In doing so we partially magnetised the bilayer to point along the B-field while the
monolayer was still anisotropy-dominated, resulting in it pointing along the b-axis of the material. We then maintained
this magnetic field (B = 150 mT, � = 262�, and � = 62�) while increasing the temperature, imaging the magnetic
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FIG. 3. Measurements of domain wall hysteresis. a Measurement series of the domain wall movement through the material
using the Iso-B technique for both increasing and decreasing �elds. b Illustration of partially �ipped state with thresholding
to sum up the pixels in the ferromagnetic state. c Magnetic hystersis extracted from the images in a.

FIG. 4. Temperature series of monolayer and bilayer sample. Full temperature series of sample S4Air shown in the main text
all taken with a magnetic �eld strength of B = 150mT roughly along the a-axis of the material with an out of plane component
of approximately 28� .

�eld at each temperature. The magnetic images are all shown in Fig. 4. This data is used for the reconstruction of
the non-uniform magnetisation and the extraction of in-plane anisotropy in the main text.

B. Emergence of the near 2D-XY interaction model

We took a series of measurements on di�erent samples to investigate the emergence of the high temperature near
2D-XY regime, referred to here as the anisotropy transition.

Anisotropy transition in encapsulated material. In the main, text we showed magnetic images of sample
S2Encap at elevated temperatures. This measurement series was taken similar to the anisotropy series. We initialised
the �ake through cooling below the critical temperature with zero magnetic �eld. At T = 120 K we applied a small
magnetic �eld B = ( �; �; jB j) = (55 � ; 80� ; 5mT) and image the �ake (Fig. 5, left panel). At this �eld and temperature
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FIG. 5. Temperature series of sample D5. Full temperature series of the sample shown in the main text all taken with a
magnetic �eld strength of B = 5 mT roughly along the b-axis of the material with an out-of-plane component of approximately
35� .

the odd layer (1,3) regions were FM coupled and the even-layer (2) regions were AFM coupled, resulting in zero stray
magnetic �eld being observed. This con�guration was maintained up at T = 130 K without evidence of deviation.
However, at T = 138K we observed a dramatic shift, where magnetic features appear in the previously pristine mono
and tri-layer regions. Increasing the temperature further to T = 140 K removed many of these features, illustrating
the very small temperature window (�T KT � � 10 K ) that this e�ect is observable.

In this measurement series, one can observe a gradient in the magnetic �eld strength across the sample, particularly
at higher temperatures (Fig. 5, right panels). We attribute this to a temperature gradient that is induced across the
sample due to joule heating from the MW antenna, which is used to drive the NV spin and is located to the right of
these images, approximately 80� m away. Additionally, during this measurement series, the temperature readout to the
main sensor was lost. As such, the temperature quoted was measured further away than the rest of the measurement
series. We expect that this will lead to a larger di�erence in the real temperature versus the measured temperature,
which could be greater than 5 degrees but is unknown.

Anisotropy transition in non-encapsulated material We also performed a smaller temperature scan on Sample
S1Air , over a region containing both a bi- and tri-layer. At T = 4K and low applied magnetic �elds, the bilayer was
observed to be perfectly AFM, with no observable stray magnetic �eld, while the tri-layer was uniformly magnetised
over regions of 10s of microns, shown in Fig. 6a. When heated to near the Néel Temperature (T = 130K � TN ) the
trilayer showed evidence of spontaneous reordering of the magnetisation direction. This is observed in the small red
section of the left hand side in Fig. 6b. The change in magnetic �eld direction indicates that for a few lines (image
taken by scanning with a faster horizontal axis and a slow vertical axis) the magnetisation direction had �ipped. We
also observed for a previous smaller scan at the same temperature that the magnetisation direction was opposite to the
scan shown inb. We suggest that the system was close enough to the Néel temperature that small local perturbations
in temperature may have resulted in a �ipping of the magnetisation direction through heating above TN and then
cooling back down.

By increasing the temperature further to above the Néel Temperature (T = 140 K), we observed the bi-layer
to become weakly FM, which results in a small stray �eld even for weak applied magnetic �elds. While the tri-
layer became signi�cantly weaker in strength and formed small magnetic textures similar to the encapsulated sample
(Fig. 6c).

C. Magnetic �eld dependence of the anisotropy transition

Near TN , the anisotropy transition can be suppressed (i.e. the triaxial FM phase can be stabilized) with a modest
applied magnetic �eld. In the case of the trilayer �ake shown in Fig. 6 increasing the �eld to B = 150 mT was enough
to completely remove the magnetic textures. Unfortunately, this sample was damaged before more extensive studies
of these magnetic textures could be performed.

We did however take a series of di�erent measurements on SampleS4Air , shown in Fig. 7, taken at T = 145K .
These measurements also con�rm that magnetic �eld strength ofB > 200mT are su�cient to orientate the spins
along the Zeeman direction. However, we also observe di�erences in the stray magnetic �elds for small changes in the
external magnetic �eld ( � B < 10mT )
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