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S1. Sample properties and preparation

Bulk Fe5GeTe2 crystals were grown by chemical vapor transport (CVT) as described in detail

in Ref.1 A slightly Fe-rich mixture of the constituent Fe, Ge, and Te elements of 6:1:2 was

mixed and sealed together with the iodine �ux in a quartz tube, and brought to 700◦C in a

horizontal tube furnace, and kept at this temperature for seven days. After slowly cooling

down to room temperature, the crystals, typically measuring 2× 2× 0.1mm3, were analyzed

by x-ray di�raction (XRD) to con�rm the crystallographic phase and determine their quality.

The stoichiometry was determined using energy-dispersive x-ray spectroscopy (EDS). Typical

stoichiometries of Fe:Ge:Te = 4.6:1:2.1 were obtained by averaging the EDS data of �ve

random sample spots.1 The magnetic properties of the bulk crystal were determined using a

superconducting quantum interference device (SQUID) magnetometer. A typical magnetic

transition temperature of 270K was determined, however, note that it is strongly depending

on the precise stoichiometry which can vary across the crystalline sample.1 As it is impractical

to determine the precise stoichiometry Fe5−δGeTe2 (with a varying non-stoichiometry δ(x, y))

of the individual areas investigated by x-ray photoelectron emission microscopy (XPEEM),

we are referring to the crystals as Fe5GeTe2, i.e., as the idealized stoichiometry.

The Fe5GeTe2 �akes for the XPEEM measurements were obtained by exfoliation via a

gold-assisted method.2 An example of a large exfoliated area is shown in Figure S1. The

process was carried out in an inert Ar glovebox with O2 and H2O concentrations below

10 ppm. In order to protect the �akes from exfoliation, they were capped in the glove box

with a thin Se layer, which is deposited at room-temperature without heating the sample.

A thickness of ∼5 nm prevents oxidation, as evidenced by the metallic (i.e., featureless)

x-ray absorption spectra shown in the main text, yet allowing surface-sensitive soft x-ray

spectroscopy at the Fe L2,3 absorption edges.

In order to determine the thickness of the exfoliated Fe5GeTe2 �akes, we deduced a lin-

ear correlation between the thicknesses and optical contrasts. In detail, freshly exfoliated

Fe5GeTe2 �akes were examined with optical microscopy (Figure S2(a)). Atomic force mi-
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croscopy (AFM) scans (Figure S2(b)) were taken from monolayer (1L) to three layer (3L)

regions as indicated in Figure S2(a). The monolayer thickness was determined to be 0.66

nm, which is consistent with XRD1 and high-resolution transmission electron microscopy

(HRTEM)3 results. A plot of the optical contrasts as a function of layer thickness for 1L to

4L is shown in Figure S2(c).

In Figure S3, we compare the X-ray absorption spectroscopy (XAS) data across the Fe

L3 and L2 edges of an unoxidized Fe5GeTe2 �ake in the ultrathin limit with an example of an

oxidized bulk-like �ake. The clear signs of oxidation at the Fe edges are (i) a characteristic

double peak structure at the L2 edge, as well as (ii) an oxidation shoulder at the L3 edge,

representing a chemical shift to higher photon energies.4 The data shown in the main text

was collected on unoxidized samples, which do not show these typical oxidation features.

Also, given that it is known from Fe3GeTe2 that the oxidation proceeds quickly and reaches

∼5 nm after even slight exposure to ambient conditions,5 the fact that XMCD contrast can

be seen for ultrathin �akes (see main text) is a strong hint that the �akes are unoxidized.

Note, however, that the XAS spectra obtained in XPEEM are usually broader than the

ones obtained in, e.g., total-electron-yield mode by measuring the drain current. This is

especially noticeable for very thin layers, where the signal is low, in which case the energy

resolution of the monochromator is being reduced in order to increase the beam intensity.

This broadening can then be easily mistaken for an oxidation shoulder.

In Figure S4, we compare the magnetic domain structure of Fe5GeTe2 in the bulk limit

after positive and negative �eld pulses. As can be seen, the maze domains remain unchanged

when applying magnetic �elds of ±66mT.

Figure S5 shows the domain structure of Fe3GeTe2 for comparison. The XPEEM im-

ages, taken at two temperatures below TC, reveal that the maze domains are una�ected by

temperature changes between 60 and 100K.

Finally, we show the correlation between Fe stoichiometry and magnetic contrast in

Figure S6 by recording (b) the structural contrast along with the corresponding (c) out-
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of-plane and (d) in-plane magnetic XPEEM contrast, respectively. As Fe5GeTe2 is prone

to defect formation and non-stoichiometry, including stacking faults and interstitial lattice

defects,3,6 we �nd a distribution of Fe-rich and Fe-poor areas in Figure S6(b). While the

magnetic contrast in areas of Fe de�ciency is enhanced, for both the out-of-plane and in-plane

components, it is reduced in areas with excess Fe. A more detailed study of the structural

and chemical properties of exfoliated Fe5GeTe2 would be necessary for determining the type

and the concentration of the defects, and their possible e�ects on magnetic properties of

the layers. To facilitate a direct comparison of the in-plane and out-of-plane magnetization

components of 5L and 6L areas as discussed in the main text, we selected the defect-free

area marked by the dashed black rectangle in Figure S6(b).
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Supplemental Figures

Figure S1: Optical micrograph of the Fe5GeTe2 �akes investigated by XPEEM.
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Figure S2: (a) Optical micrograph of monolayer, bilayer and trilayer Fe5GeTe2 �akes. (b)
AFM scan showing a single monolayer thickness of 0.66 nm. (c) Layer-dependent optical
contrasts for n = 1, 2, 3 and 4 layers.
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Figure S3: XAS spectra across the Fe L3 and L2 edges for (a) 1L and 2L areas of an
unoxidized Fe5GeTe2 sample, and (b) a thicker area of a di�erent, oxidized sample. Note
that the oxide shows a characteristic double peak structure, which is absent on the unoxidized
sample. Further, in (b), the oxidation shoulder, representing a chemical shift to higher photon
energies (see, e.g., the comparison of iron compounds and oxides in Figure 9 of Ref.4), is
very clearly visible.
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Figure S4: XPEEM images of maze domains in Fe5GeTe2 at 50K. The images were taken at
remanence after negative (a) and positive (b) out-of-plane magnetic �eld pulses of ±66mT
(magnet current ±1500mA). As can be seen in the images, and particularly when comparing
the insets of a zoomed-in area, the maze domains remain unchanged.
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Figure S5: XPEEM images of maze domains in Fe3GeTe2 at 60K (a) and 100K (b), showing
that the magnetic domain structure remains una�ected by the temperature change.
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Figure S6: Study of the out-of-plane and in-plane magnetic contrast of 5L and 6L �akes,
and its dependence on Fe stoichiometry. (a) The legend denotes the following features: 5L-
6L boundaries (yellow triangles), and areas of Fe de�ciency (blue triangles) and Fe excess
(red circles). (b) XAS and (c) out-of-plane and (d) in-plane magnetic XPEEM contrast,
respectively, of 5L and 6L �akes. The magnetic contrast (for both the out-of-plane and
in-plane component) is stronger in Fe-de�cient areas, while excess Fe leads to a weakening
of the magnetic contrast. All images are 10 µm × 10 µm. The dashed black square in (a)
indicates the close-up shown in Figure 5 in the main text.
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