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Figure S1|The CGT sample thickness was determined using a reference sample. (a) The transmission microscopy image of
the reference sample on PDMS shows three thin regions (1-3) of different thickness. Here, a clear contrast between 1 and 2 is
visible, whereas the contrast between 1 and 3 is poor. The reflection light image (b) of the same sample on a Si/SiO2 substrate
reveals a difference in layer thickness between 1 and 3 which manifests itself in different nuances of blue. The contrast is
reflected in all colour channels (c¢). (d,e) AFM measurements were performed to elucidate the actual sample thickness.
Assuming a monolayer step height of 1.1 nm and a step height of 0.7nm for every subsequent layer in accordance with [1], region
2 consists of 6, region 1 of 7 and region 3 of 8 layers. (f,g) From the transmission microscopy images the degree of transmission
for the reference flake and the CGT flake shown in the main text was determined, using the PDMS film as a calibration. We
assume a reduction of about 3 percent per layer. A comparison between the values for the flake shown in the main text and the
reference flake hints at layer thicknesses of 9 layers in region I and 14 layers in region II.
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Figure S2 | Photoluminescence scans of the area marked in Fig. S3a. Trion and exciton intensities (a), (c) were obtained by
numerical integration over the respective energetic range. Lorentz fits were used to determine the trion and exciton peak
positions (b), (d).
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Figure S3 | (a) In the optical microscope image, the yellow box indicates the area shown in the maps obtained from PL scans.
The MoSe; monolayer emission is quenched in the heterostructure region (see main text and Fig. S2). Here, larger exciton-trion
ratios are observed compared to the MoSez monolayer (b). The strong scatter between occurring ratios is attributed to
inhomogeneous interfacial contact between the MoSez monolayer and the CGT flake. On average, a slightly larger exciton-trion
ratio is observed for region I compared to region II. Due to the large ratio change from monolayer to heterostructure region this
is not apparent in the colour map.
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Figure S4| PL spectra for different (excitation/detection) helicities and magnetic field directions (arrows). For a constant
excitation helicity, the population dynamics is independent of the detection helicity. Measurements were conducted at a
magnetic field of +50mT.
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Figure S5 | No magnetic-field-dependent intensity differences for left (solid) and right (dashed line) circularly polarized
excitation are detected in the isolated monolayer (a) at a magnetic field of +50 mT. This proves that the
magnetic-field-dependent intensity differences result from an interaction between the MoSes monolayer and the overlying CGT
layer. For better visibility only the spectra for B| are shown in the lower panel. The upper panels show a zoom in of trion and
exciton peak for both magnetic field directions. Small intensity differences for left and right polarized excitation result from
minor changes of laser excitation spot. In comparison, magnetic-field-dependent changes of exciton and trion intensities occur in
the heterostructure (b). The PL spectra were recorded on a second sample that is not shown in the main text.
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Figure S6 | In a second sample, the effect resulting from spin-dependent tunneling takes on different characteristics. While at
some sample positions the relative intensity difference upon flip of the magnetic field is opposite between exciton and trion
as discussed in the main text (see Fig. S5b), at other sample positions both exciton and trion emission are suppressed under
conditions of enhanced electron tunneling into the CGT layer.



S2. DFT CALCULATIONS ON MOSE;/CR.GE->TE;s

A. Structural Setup

Cr,Ge,Teg

Figure S7 \ Top and side view of the MoSez/CraGezTeg heterostructure. The supercell has 69 atoms, with the lattice
parameters of |a| = |b| = 11.855 A and |c| = 34.065 A. The relaxed average interlayer distance between the layers is d = 3.515 A.
The purple (blue) shaded area indicates the monolayer MoSez (CrzGezTeg) unit cell, while the black dashed line is the
heterostructure unit cell. The twist angle between the layers is 16.102°.

The MoSez/CraGesTeg heterostructure was set-up with the atomic simulation environment (ASE) [2] and the
CellMatch code [3], implementing the coincidence lattice method [4, 5]. The lattice constant of CryGesTeg within
the heterostructure is 6.8445 A, slightly strained by 0.25% [6]. The MoSe, layer is kept unstrained with a lattice
constant of 3.288 A [7]. Therefore, the individual monolayers are barely strained in our heterostructure and we should
be able to reliably extract band offsets as well as proximity exchange effets. In order to simulate quasi-2D systems,
we add a vacuum of about 18 A to avoid interactions between periodic images in our slab geometry. The resulting
heterostructure is shown in Fig. S7.

B. Computational Details

The electronic structure calculations and structural relaxations of the MoSes /CraGes Teg heterostructure is performed
by DFT [8] with Quantum ESPRESSO [9]. Self-consistent calculations are carried out with a k-point sampling of 24 x 24 x 1.
We perform open shell calculations that provide the spin-polarized ground state of the CroGesTeg monolayer. A
Hubbard parameter of U = 1.0 eV is used for Cr d-orbitals, being in the range of proposed U values especially
for this compound [1]. We use an energy cutoff for charge density of 600 Ry and the kinetic energy cutoff for
wavefunctions is 75 Ry for the (scalar) relativistic pseudopotentials with the projector augmented wave method [10]
with the Perdew-Burke-Ernzerhof exchange correlation functional [11]. For the relaxation of the heterostructures,
we add DFT-D2 vdW corrections [12-14] and use quasi-Newton algorithm based on trust radius procedure. To get
proper interlayer distances and to capture possible moiré reconstructions, we allow all atoms to move freely within the
heterostructure geometry during relaxation. Relaxation is performed until every component of each force is reduced
below 5 x 10~* [Ry/ao], where aq is the Bohr radius.

C. Results
1. Without Spin-Orbit Coupling

First, we discuss the first-principles results, where spin-orbit coupling is excluded from the calculations and the
magnetization direction of CroGesTeg is fixed to be collinear with the z-axis (transverse to the interface). In Fig. S8



we show the calculated band structure and density of states (DOS) of the MoSes /CraGeyTeg heterostructure. We find
that the heterostructure forms a type I band alignment, as the CroGesTeg band edges reside within the MoSes band
edges. The calculated dipole of the heterostructure is -0.0542 debye, so there is almost no electric field across the
interface. The averaged induced magnetic moments on the different atomic layers are: Cr = 3.484 ug, Ge = 0.058 ugp,
Te = —0.192 up, Se; = —0.0015 pp, Mo = —0.002 up, and Ses = —0.0001 up.

In particular the DOS gives a first indication of a strong hybridization of conduction band states. To further confirm
this, we have calculated a layer-projected band structure, shown in Fig. S10. The valence band edges of MoSe, are
almost unperturbed within the heterostructure, but the conduction band edge states are rather strongly hybridized.
A detailed zoom to the MoSes band edges is given in Fig. S11. Due to proximity-induced exchange coupling, the
band edges experience spin splittings, as indicated. Since the valence band edge of MoSes rather weakly hybridizes
(anticrosses) with CroGegTeg bands, the splitting is about 1.2 meV. In contrast, the conduction band edge of MoSes is
much stronger hybridized leading to a spin-splitting of about 2.5 meV near the band edge.

Experimentally, the hybridization opens an efficient charge transfer channel for photo-excited charge carriers from
MoSe; into CroGesTeg. Since most of the heterostructure bands below the MoSe; conduction band edge are spin-up
polarized CroGesTeg bands, a predominant transfer of spin-up polarized electrons is expected. The predominant
tunneling of spin-up electrons is supported by the layer-resolved density of states, see Fig. S9.
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Figure S8 | Left: DFT-calculated band structure of the MoSes/CraGe2Teg heterostructure towards the MoSes valley edges at
K/K’. Red (blue) lines correspond to spin up (down). Right: The corresponding spin and atom resolved density of states.
Positive (negative) DOS is for spin up (down).
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Figure S9 | The calculated layer-resolved density of states of the MoSez/CraGezTeg heterostructure. Positive (negative) DOS
is for spin up (down). Black vertical lines indicate the MoSez band edges at K/K’.
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Figure S10 | The layer-projected band structure for spin up (left) and spin down (right) channels. The color code indicates
the projection onto the monolayers.
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Figure S11 | Zoom to the band edges near the K-valley of MoSes.

Figure S12| DFT-calculated charge redistribution, by subtracting the monolayer charge densities from the heterostructure
one. The colors yellow and gray correspond to gain and loss of charge. The isovalue is set to 1 x 107* e/ A3,
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2. With Spin-Orbit Coupling, Noncollinear Case

To get a more realistic description of the heterostructure dispersion, we consider noncollinear magnetism and
spin-orbit coupling in the calculations. The reason is that spin-orbit coupling is utterly important for the description
of MoSey. Additionally, the noncollinear calculation allows the atoms to freely adjust their magnetization directions,
as interfacial hybridization may disturb the out-of-plane magnetism of CroGesTeg.

In Fig. S13, we show the band structure of the heterostructure including spin-orbit coupling. The type-I band
alignment remains, as we find from the layer-projected dispersion. The spin character of the bands is mainly of s,
indicating that the MoSey Ising spin-orbit coupling and the out-of-plane magnetism of CryGesTeg also remain intact.
Zooming into the band edges of MoSes, see Fig. S14, we find that the valence band edges at K/K’ are well preserved, but
are energetically split by about 1.6 meV, stemming from the proximity-induced magnetism. In contrast, the conduction
band edges can also still be recognized, but are well hybridized. Apart from the additional spin-orbit coupling induced
band splittings, the overall picture remains the same, supporting spin-dependent tunneling of photo-excited electrons
from MoSes into CroGesTeg.
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Figure S13 | DFT-calculated band structure of the MoSez/CraGezTeg heterostructure, with spin-orbit coupling and including
noncollinear magnetism. We show the bands with s, and layer projections.
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Figure S14 | Zoom to the band edges near K/K’ valleys of MoSes.
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8. Increasing the thickness of the magnet

Experimentally, MoSe; is considered on few (9-15) layers of CroGesTeg. Initial experiments on the thickness-
dependence of the Curie temperature of CroGeaTeg, indicate that this thickness can be regarded as bulk crystal [1].
Computationally it is very demanding to simulate heterostructures, since many atoms are involved in the geometry.
However, we know from previous studies that the proximity-coupling is short-ranged and typically restricted to
neighboring layers [15]. Therefore, we add a second CryGesTeg layer beneath the first one, in AB-stacking configuration
and without changing the interfacial alignment of the MoSes/CraGesTeg heterostructure, and look for qualitative
changes in the results. Before calculating the dispersion, we allow for full structural relaxation of this trilayer system.
Based on the results in Figs. S15, S16, S17, and S18, we find barely any qualitative difference to the monolayer case,
indicating the short-rangeness of proximity coupling.
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Figure S15 | Left: DFT-calculated band structure of the MoSes /bilayer-CraGeaTeg heterostructure towards the MoSes valley

edges at K/K’. Red (blue) lines correspond to spin up (down). Right: The corresponding spin and atom resolved density of
states. Positive (negative) DOS is for spin up (down).
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Figure S16 | The calculated layer-resolved density of states of the MoSes /bilayer-CroGesTeg heterostructure. Positive
(negative) DOS is for spin up (down). Black vertical lines indicate the MoSez band edges at K/K’.
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Figure S17 | The layer-projected band structure for spin up (left) and spin down (right) channels. The color code indicates
the projection onto the monolayers.
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Figure S18 | Zoom to the band edges near the K-valley of MoSes.
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