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Supplementary Note 1. Determination of layer thickness for the ferromagnetic crystals 

The magnetic material properties of vdW crystals such as their Curie temperature are strongly 

related to their thickness, particularly when exfoliating from a few layers down to the monolayer 

limit1,2. In contrast, the CGT and FeGT crystals utilized in this study remain with values of 55-150 

nm in the “bulk-limit”, and thus show ferromagnetic properties (antiferromagnetic if oxidized) that 

are bulk-like. The AFM line scans shown in Figure S1 reveal a layer thickness for the Fe3GT 

sample of 150 nm (Fig.S1c) and a thickness of around 100 nm for the Fe5GT sample (Fig.S1d), 

while the CGT comparison sample has a step height of 55 nm (Fig.S1e). 

 

 

Figure S1: Atomic-force microscope (AFM) measurement of step height. (a) Optical-

microscope image of an assembled Fe3GT/WSe2 heterostructure. (b) Corresponding AFM image 

recorded from the area highlighted with the blue rectangle. (c) AFM line scan across the white 

dotted line shown in panel (b) yields a thickness of 150 nm. Similar AFM line scans are shown for 

the Fe5GT/WSe2 heterostructure (d) and the CGT/WSe2 heterostructure (e) with layer thickness of 

100 nm and 55 nm, respectively. 

Supplementary Note 2. Surface darkening effect for Fe3GT and Fe5GT.  

Air oxidization is a common effect in 2D material such as black phosphorus and was recently also 

reported for Fe3GT to lead to a thin surface oxide with a thickness of 1-2 nm if exposed for 7 min2. 

For prolonged exposure of several weeks these oxide layers can grow to tens of nm thickness3. In 

our fabrication process the typical air exposure duration is about 30-60 min before forming the 

heterostructures with WSe2, leading to an omnipresent thin oxide layer on top of the Fe3GT and 

Fe5GT crystals that is encapsulated by the WSe2 monolayer. Samples utilizing Fe3GT look initially 



clear in optical microscope images with the typical faint intensity contrast when monolayer WSe2 

is transferred on top, as shown in Fig. S2a by the dashed triangle. After prolonged storage of 170 

days one can observe a significant darkening of the heterostructure region, as highlighted by the 

arrow in Figure Fig. S2b. In contrast, the exfoliated Fe5GT flake shown in Fig.S2c develops 

surface darkening already within a few seconds after layer transfer if the Fe5GT crystal is thinner 

than 100 nm (region highlighted by the arrow). However, for thicker crystals (>100 nm) surface 

darkening was not observed. It is likely that this pronounced surface darkening is an image contrast 

that forms when the surface oxide continues to grow. Note that for the data recorded in the main 

manuscript we have only utilized heterostructures where surface darkening was not present.    

 

Figure S2: Observation of surface darkening in Fe3GT and Fe5GT. (a) Optical microscope image of 

Fe3GT/WSe2 heterostructure recorded immediately after the transfer process was completed (day 

1). The heterostructure region is highlighted by the white arrow and the monolayer WSe2 is 

outlined by the dashed triangle (b) Optical image of the same Fe3GT/WSe2 heterostructure 

recorded after 170 days showing significantly darkened in the heterostructure region. (c) Optical 

image of Fe5GT recorded after immediately transfer the process. The region with significantly 

thinner Fe5GT which darkens rapidly is enclosed by the dashed line.  

 

 

Supplementary Table 1: Magneto-optical properties for 7 different quantum emitters residing in 

heterostructures with Fe3GT and Fe5GT.  Wavelength and energy are stated for the exciton transition 

line with the highest intensity of the doublet. The fine-structure splitting energy is determined at zero 

magnetic field strength (0T-split). All emitters display antiferromagnetic coupling with M values 

determined from the hysteresis slopes (Max-difference) as stated in the last row.   
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