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FIG. S1. Characterization of devices with different CrSBr thicknesses. (a-c) Optical images and corresponding
atomic force microscopy of three CrSBr juction devices with thickness of 47 nm (a), 80 nm (b), and 21 nm (c). The data
in the main text are mainly from the D1. (d) I — V curves of the power dependence under 1.937-eV laser excitation in D2.

(e) I —V curves of the power dependence under 1.937-eV of vertical and in-plane photocurrent from D3, indicating a weaker
photoresponse of the in-plane structure.
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FIG. S2. Photocurrent response of D1. (a) The photocurrent in D1 under 1.376-eV laser excitation with power increasing
from 0.28 W to 2 W, showing a photoresponsivity of ~0.8 mA W™, (b) Photocurrent in the parameter space of bias voltage
and magnetic field, showing that the photocurrent monotonically increases with increasing bias voltage and magnetic field.
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FIG. S3. Photon energy-dependent photocurrent and PL measurements. The normalized photocurrent (yellow) and
PL spectra (red) in the CrSBr device, showing significant peaks at 1.376 eV and 1.331 eV, respectively.



1 Elib 1.920 eV
1 . e
Responsivity: 4.0 mA W' D Dlj:‘
10.00 o o -0
] e
] A 1.376 eV
] pui P '
& 1.00+ ’
o
Responsivity: 0.8 mA W
0.10 o a(y=
] [jnocP *(a=1)
T T T T T T T
0.10 1.00 10.00

Exciation power (UW)

FIG. S4. Photocurrent versus incident power for different incident photon energies of D1. (a) At low incident
power, the photocurrent grows linearly with incident power (I, < P, o = 1), resulting in extracted photocurrent responsivities
of 0.8 mA W~! and 4.0 mA W~ under 1.376-eV and 1.937-eV laser excitations, respectively.
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FIG. S5. Photocurrents under different laser excitations, polarization angles, and magnetic field of D1. (a-e)
Polarization-angle dependence of the photocurrent plotted in polar coordinates at 0 T with incident light of 1.376 eV, 1.362
eV, 1.761 eV, 1.920 eV, and 1.938 eV with power of 1 uW. (f-i) Anisotropic behavior incident light of 1.920 eV, 1.761 eV, 1.550
eV, and 1.376 eV, showing almost constant anisotropic polarization. We note that under certain photon energy excitations, the
measured I, maxima at 2.7 T show an angular rotation of ~ 8° compared to that at 0 T, which may be due to the Faraday
effect of the objective lens in the presence of a magnetic field.
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FIG. S6. Magnetic field-controlled photocurrent. (a-b) Photon energy-dependent photocurrent under different external
magnetic fields parallel to the ¢ axis illuminated by 0.5-uW laser excitation polarized along the b axis in the photon energy range
of 1.30-1.45 eV (a) and 1.55-1.73 eV (b). (c-d) Normalized photocurrent in the magnetic field-photon energy parameter space
in each range. The black dashed arrow lines indicate the redshift of each absorption peaks. The Hg represents the spin-flip
transition field that separates the CAFM state and the forced FM state. The two peaks in (c) are redshifted by ~18 meV, and
the peak in (d) redshifted by more than 80 meV. The energy remains almost constant when the magnetic field exceeds 2.4 T,
which is consistent with spin-flip field of CrSBr along the ¢ axis. (e) Extracted values and quadratic fit curves for each peak in
PL and photocurrent measurements.
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FIG. S7. RMCD and magnetoresistance charaterization of D1. (a) RMCD signal as a function of uoH swept along
the ¢ axis. (b) Magnetoresistance of CrSBr D1 in dark environment as a function of uoH swept along the ¢ axis.
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FIG. S8. DFT calculations of the electronic structure from in-plane A-type AFM state to out-of-plane FM
state. (a) Calculated band structure of bilayer CrSBr in the FM state, and the allowed interband transitions are identified.
(b) Calculated energy level evolution of CBM, VBM1, and VBM2. M is the magnetization along the ¢ axis, which is defined as
M = Mscos(6/2), where M is the saturation magnetization of each layer, and 0 is the angle between the magnetization vectors
of the two layers. (c) Calculated optical bandgap evolution for the VBM1 to CBM (E:1) and VBM2 to CBM (Es) interband
transitions, showing decreasing values for each optical transition.
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FIG. S9. Magnetic field-controlled photocurrent of D1. (a) Magnetic field dependence of photocurrent with incident
photon energies ranging from 1.343 eV and 1.358 eV. The results are extracted from the data in Fig. S6(a). We can illustrate
the different magnetic field-dependent profiles at different excitation energies for different potential applications. For example,
when illuminated by a 1.343-eV laser excitation, Iy increases abruptly and rapidly with magnetic field above 1.5 T, reflecting
a behavior similar to the magnetic field threshold. Thus, for an incident light of 1.343 eV, setting the magnetic field to a
certain value (e.g. 1.5 T) produces device low (“off” state) and high (“on” state) photocurrents within a tolerance range that
corresponds to an “on/off” switch associated with the magnetic field. Illuminating the CrSBr device with photons of different
energies will lead to different magnetic field response profiles. (b) The magneto-photocurrent responsivity (Rm) of the device
(Rm = (Ipn(m) — Ipn(0))/B) at B=2.6 T, which suggests a responsivity of 30 nA T~ for 1.343 eV. Note that this value is only
an indication of the response, since the photocurrent increases not linear with respect to the magnetic field.
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FIG. S10. Magneto-photocurrent at specific photon energies. (a-d) Current versus poH in dark (a) and light excitation
of 1.376 eV (b), 1.761 eV (c), and 1.937 eV (d). The top panels show the first derivatives. Arrows indicate the additional
transitions other than the spin-flip transition around 2.4 T. The transition fields H; shown in the main text are determined by
the steeply falling position of the current derivative. (e-f) The current evolution under 1.343-eV light illumination polarized
along the b axis under continuous sweeping magnetic field strength ranging from 2.25 T to 2.26 T. By depicting the magnetic
field-dependent photocurrent with refined field steps (mT levels), one can establish a relationship between I, (e) and the
external magnetic field (f), which can be used to probe the changes of the magnetic field. The Iignt shows a synchronized

response to the magnetic field.
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FIG. S11.

Photocurrent helicity of D2. (a) Photocurrent response versus poH for different circularly polarized light
illumination. (b) Variation of the circular photocurrent difference (Al (o4 —o0-) = Ipn(oy4) — Ipn(o—)) measured from D2
with poH at a light power of 5 uW.
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