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Supplementary Figure 1 - The median island coercive field, }T; .(a) I-Té as a function of island volume V. (b) IF-I‘E

as a function of the island anisotropy.
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Supplementary Figure 2 - SOT images of nano-patterned island array in CrGeTes. (a-p) Sequence of magnetic images
B,(x,y) of different island volumes at distinct values of applied out-of-plane field pyH,. Imaging parameters: (a-d)
V =30 % 10°% nm3, scan area 11 X11 um?, pixel size 115 nm. pgH, = 0 a, 15 b, 30 ¢, 50 mT d. (e-h) V = 22 % 10°
nm3, scan area 11 X11 um?, pixel size 115 nm. poH, = 0e, 20 f, 30 g, 50 mT h. (i-1) V = 7.5 * 10° nm3, scan area
11x11 um?, pixel size 115 nm. uoH, =01, 60j, 70 k, 100 mT I. (m-p) V =2* 10°nm3, scan area 5 X 5 um?, pixel size

40 nm. uoH, = 0m, 70 n, 90 0, 120 mT p. The black to white color scale represents lower to higher magnetic fields,
respectively.
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Supplementary Figure 3 - SOT images of magnetic edges due to amorphization in CrGeTe; at zero field. (a-d) Sequence
of magnetic images B, (x,y) of amorphized CGT islands after distinct field excursions. (a, ¢) Hoxe < Hj , (b, d) Hoye > H.
The flake thickness is d = 60 nm. Imaging parameters: yyH, = 0 mT, area scan 4.2 X 4.2 um?, pixel size 30 nm. The black
to white color scale represents a lower and higher magnetic field, respectively.
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Supplementary Figure 4 — SOT images of the first and last island to demagnetize (a-h) Magneticimages B, (x, y) acquired
with the SOT that shows the first a-d and last e-h to demagnetize in different set of measurements. The field at which the
first and last particle demagnetizes is labeled H, r and Hy ;, respectively. The black to white color scale represents lower
and higher magnetic field, respectively. Each image is 8.5 X 8.5 um? and comprise 64 X 64 pixels.



Supplementary Figure 5 - High angle annular dark-HAADF image of each volume the arrays. The area inside
the dark red dotted line trapezoid is the region where magnetic crystalline CrGeTes is found. Above the
crystalline region, an amorphous region is observed for volumes V,, Vs, Vg, V; and V.
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Supplementary Figure 6 — EDS measurements of CrGeTe;s island. (a) High-angle annular dark field (HAADF) image
of the Vzarray (150 X 150 X 60 nm3). (b) Energy-Dispersive X-ray Spectroscopy (EDS) cross-sections, showing the
relative amount of Cr, O, and Ga in a cross section of the island.
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Supplementary Figure 7 - Powder diffraction pattern of CrGeTes. Red symbols are the experimental points. The
black line is the best fit to CrGeTes diffraction pattern with refined lattice parameters a = 0.6809 nm, b = 0.6809
nm, ¢ = 2.0444 nm. Residuals are given by the blue line. The vertical green strikes represent the position in 20
scale of the reflections from the CrGeTes (space group R-3h (148)). Green triangles identify the effects of Te flux.
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Supplementary Figure 8 — Bulk M(H) measurements. Magnetization as a function of the temperature for ZFC
(black symbols) and FC (red symbols) for a magnetic field of 100 Oe applied parallel to the ab-plane. Inset shows

Magnetization as a function of the magnetic field for different temperatures.
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Supplementary Figure 9 - — Measurement reproducibility.. (a) Hysteresis curves drawn from B, (x,y) images
measured for V, over 8 complete hysteresis loops. (b) Same data as in a but showing M(H) for the sweep up
(blue dots) and —M (—H) for the sweep down (red dots).



Array name Number of measured loops Steps in field (mT) 6H, Number of Island in Inter-island Spacing

the array N (nm)

1’4 8 2.5 11 x11 100

v, 7 2.5 11 x11 80

Vs 3 2.0 9%9 200

V, 8 2.5 11 x 11 60

Vs 3 2.5 10 x 10 200

Ve 5 2.0 10 x 10 200

v, 4 2.0 10 x 10 200

Vg 6 2.0 10 x 10 200

Supplementary Table 1 — Measurement parameter of the magnetic island array measured and discussed in
Figure 2 of the main text. Each array, is named here with the same name as in table 1 and figure 2.




Supplementary Note 1: Sample synthesis and fabrication

Sample synthesis:

Single crystals of CrGeTe; were grown using slight excess of Tel2. We grew our samples from high-purity Cr (Alfa Aesar 99.999%), Ge
(GoodFellow 99.999%) and Te (GoodFellow 99.999%). Cr, Ge and Te were introduced and sealed in quartz ampoules. Then, the
ampoules were heated from room temperature to 930 2Cin 12 h, cooled down to 7152C in 54 h, and finally cooled down to 500 ¢C in
54 h; here the samples remain during 99 h. We quenched the crystals down to ambient temperature by immersion in cold water. We
obtained layered crystals of 2 mm x 2 mm x 0.5 mm.

Sample fabrication:

CGT samples were fabricated using the dry transfer technique, which was carried out in a glovebox with an argon atmosphere. The
CGT flakes were cleaved using the scotch tape method and exfoliated on commercially available Gelfilm from Gelpack. The CGT flakes
were transferred onto a SiO, substrate. The flakes were exfoliated from the crystals in areas without any Te flux. This was achieved by
optically checking that the sample area was free of any inclusions and had large and flat surfaces. The various island shapes were
etched or amorphized using a 30 keV Ga* focused ion beam (FIB)3.

Supplementary Note 2: Sample characterization:

Scanning transmission electron microscopy images of CrGeTes islands:

Lamellas were prepared and imaged by Helios Nanolab 460F1 Lite focused ion beam (FIB) - Thermo Fisher Scientific. The site-specific
thin lamella was extracted from the CGT array using FIB lift-out techniques®. Scanning transmission electron microscopy (STEM) and
Energy-Dispersive X-ray Spectroscopy (EDS) analyses were conducted using an Aberration Prob-Corrected S/TEM Themis Z G3 (Thermo
Fisher Scientific) operated at 300 KV and equipped with a high-angle annular dark field (HAADF) detector from Fischione Instruments
and a Super-X EDS detection system (Thermo Fisher Scientific).

To determine the CGT islands’ dimensions, we performed cross-section STEM on all islands presented in Figure 2 of the main text.
HAADF STEM images are shown in Supplementary Figure 5.

Energy-Dispersive X-ray Spectroscopy of CrGeTes island

In Supplementary Figure 6 we present the High-angle annular dark field (HAADF) image of the 150 X 150 X 60 nm3 island. The image
resolves that the crystal structure is damaged due to the FIB etching. Near the etched area, the material is amorphous (bright gray
color scale) where the crystalized CGT appears darker. The images reveal the precise thickness of the flake (d = 60 + 2 nm) and the
edge cross-section w = 150 + 5 nm. To understand the stoichiometry of the flakes we perform an energy-dispersive spectroscopy
(EDS) measurement. The EDS reveals accumulation of Ga and oxidation peaks near the amorphous edge. The concentration decays
abruptly over a length of tens nm. We emphasize that Ga concentration peaks appear only in the amorphous part which we found to
be non-magnetic. The Ga in the crystalline area less than 2% according to our EDS measurements. Traces of Silicon were also observed
in the EDS measurements which seem to originate from organic residues from the PDMS used during the exfoliation process.

Bulk X-ray diffraction

To characterize the bulk crystals, we made x-ray diffraction on crystals milled down to powder (Supplementary Figure 7). X-ray
diffraction experiments were performed using an X-ray Bruker D8 Discover Diffractometer at room temperature. Rietveld analysis was
performed on X-ray diffractograms using FullProf suite®. After Rietveld refinement, we find CrGeTes (space group R-3h (148)), with
refined lattice parameters a = 0.6809 nm, b = 0.6809 nm, c = 2.0444 nm, with a small trace of Te (see green triangles in Figure).

Bulk SQUID measurements

Bulk magnetic characterization was performed using a Quantum Design SQUID magnetometer. Supplementary Figure 8 depicts the
magnetization of a bulk crystal as a function of temperature M(T). We see a clear transition around the expected Currie temperature
T. = 65 K. In the inset of Supplementary Figure 8 we show the magnetization as a function of the applied field M(H). At low
temperature we obtain the expected value for the saturation magnetization which is around 3 pg/Cr. This value is consistent with the
value obtain in previous reports.5”’



Supplementary Note 3: Uncertainty estimation

Uncertainty on the island dimensions (w and d)

The uncertainties associated with w and d were estimated from the TEM measurements. In samples with
d = 35 nm, the islands were created by FIB amorphization. Therefore, the uncertainty in d is only due to oxidation, §d = 2 nm, and
with respect to w it is a fraction of the Ga* beam profile Sw = 5 nm. However, other islands were created by FIB etching, resulting in
a trapezoid shape, and the islands are covered by amorphized CGT (which is non-magnetic). In this case, the uncertainty is larger
because the amorphous area is not well defined in the TEM image. This results in §d = 10 to 20 nm, and dw = 10 to 100 nm,
depending on the specific case.

To estimate the uncertainty dp in the parameterp = % = ﬁ, we consider the uncertainties associated with each parameter separately

and then propagate these uncertainties using the following expression:

dap 2 dap 2
o= |(5, ) + (50 59)

Where, 8p, dw, and §d are the the uncertainties corresponding to p,w, and d, respectively.

Uncertainty on the median island coercivity H:

The main source of uncertainty is related to the large transition over which the islands reverse their magnetization. If all island were
identical and neglecting thermal fluctuations, all island should reverse their magnetization at the same field AH, = H; — Hy . In all the
measured array, the value of AH, was rather nearly constant around 73 mT (see Table 1 in the main text). The other source of
uncertainty is the field step separating two measurements, which was around 8H, = 2.5 mT (see supplementary table 1 for the specific
values corresponding to each array.

To estimate the resulting uncertainty on the coercive field §H., we consider we sum in quadrature those uncorrelated sources of noise.
H—Hj

2N’
islands, see Supplementary Table 1 for exact values). In addition given that we consider difference from the mean value we also divide
this number by 2. The result is written as follows:

The uncertainty component generated by AH, is written as where N is the number of island measured in the array (around 100

H;-Hp\ 2
6HC=\/( ;Wf) + (8H)2 ~ 4mT

Reproducibility of the coercivity measurement.

To measure the reproducibility in probing the island median coercive field H:, we measure the array’s magnetization M(H,)/M,,; for
8 complete hysteresis loops. The results are presented in Supplementary Figure 9a. We calculate the array’s coercive field from the
data for each of the 16 occurrences. The obtained standard deviation on the value of H, is 0.7 mT which is smaller than our uncertainty
which is dominated by the width of the transition AH,/v/N = 8 mT and the steps size in field §H, = 2.5 mT. This suggests that the
width of the transition AH, is likely dominated by variability in the island property rather than thermal fluctuations. Further
investigation could confirm this finding.

Symmetrization of the M (H,) curves

We also compare the coercivity measured at H, > 0 and H, < 0 by plotting the M (H,) for the sweep up with —M (—H,) for the sweep
down (Supplementary Figure 9b). The data overlaps very nicely over the 8 complete hysteresis loops. To further quantify that point,
we calculate the array’s coercive field for both data sets. We obtain 66.8 + 0.4 mT and 67.8 + 0.7 mT for the sweep down and sweep
up data, respectively. This justify the symmetrization of our curves in Figure 2a.

Supplementary Note 4: Scanning SQUID-On-Tip microscopy

The SOT was fabricated using self-aligned three-step thermal deposition of Pb at cryogenic temperatures, as described previously®°.
The measurements were performed using tips with effective SQUID loop diameters ranging from 145 to 175 nm. All measurements
were performed at 4.2 K in a low pressure He of 1 to 10 mbar. The quantification of the measured magnetic field was performed as
described previously®°.
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