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Fig. S1 (a) Schematic of crystal structure of 1L-WSe>, CrPSs and WSe2/CrPSs vdW
heterostructure. The green lines and black circle dots show the axis of inversion symmetry and the
center of rotational symmetry, respectively. In the vdW heterostructure, the inversion symmetry is
reduced to left in only one-mirror plane and rotational symmetry is vanished. The induced
polarization by the broken inversion symmetry is indicated by a yellow arrow. (b) Optical image
of 1L-WSe2/CrPSs vdW heterostructure. The monolayer WSez and CrPSs are highlighted in red
and orange dotted lines, respectively. Moreover, h-BN and graphene are highlighted in blue and
green dotted lines, respectively. The scale bar of 10 um is shown in the image. (c) Excitation power
dependence of I-V characteristics of WSe2/CrPS4 vdW heterostructure under laser illumination of
532 nm. The I-V curves show finite photocurrents at zero-bias voltage depending on the excitation

laser power.
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Fig. S2 I-V curves of the MoS2/CrPS4 heterostructure (red line) and monolayer MoS; device (blue

line) under linearly polarized light (LPL) with a power of 600 uW. The inset shows a photograph
of the monolayer MoS; device.
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Fig. S3 I~V curves of bulk CrPSs under circularly polarized light (CPL) and the MoS2/CrPS4
heterostructure under LPL excitation conditions. The inset shows the -V curves of the

MoS,/CrPS4 heterostructure device and bulk CrPS4 with different electrode materials.
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Fig. S4 (a) Optical image of 1L-MoS,/CrPSs vdW heterostructure. The positions of photocurrent
measurement are indicated by red, blue and black dot, respectively. The scale bar of 5 um is shown
in the image. (b) I-V characteristics of MoS2/CrPSs vdW heterostructure measured at center of
heterostructure and around electrodes. Each color of I-V curve corresponds to the measured
position indicated in (a). Only P3 shows the large spontaneous photocurrent around the center of
heterostructure region, and P1 and P2 show opposite spontaneous photocurrent around electrodes

at zero-bias voltage from Schottky-barrier.
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Fig. S5 (a) Optical image of different 1L-MoS2/CrPS4 vdW heterostructure. The MoS2 monolayer
and CrPS; are highlighted in white and orange dotted lines, respectively. Each electrode is assigned
to E1-E4. The scale bar of 20 and 10 um are shown in the images. (b) I-V characteristics of
MoS2/CrPSs vdW heterostructure under various excitation powers. (c) Excitation laser power
dependence of spontaneous photocurrent. In the low power region below 10 pW, the photocurrent
is proportional to the laser power, whereas the photocurrent shows the square-root power
dependence above high power region above 10 uW. (d) and (e¢) Mapping of spontaneous

photocurrent measured between E1 and E2 electrodes and E3 and E4 electrodes, respectively.



Fig. S6 (a) Optical image of another MoS2/CrPSs heterostructure device. (b) Plot of the

polarization-dependent spontaneous photocurrent.
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Fig. S7 I-V curves of the MoS,/CrPS4 heterostructure device with LPL (red line) and CPL (blue
line).
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Fig. S8 Temperature dependence of the fill factor from the [~} curves of the MoS2/CrPS4

heterostructure device. The dotted line is a visual guide.
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Fig. S9 (a) Temperature dependence of differential reflectance spectra in 1L-MoS/CrPSs vdW

heterostructure. The differential reflectance is defined by AR/R = (Rsyb — Rsample)/Rsub, Where

the Rsub and Rsampie cOrrespond to the reflectance spectra of the substrate and sample, respectively.

Inset shows the value of differential reflectance monitored at 2.3 eV. (b) Photoluminescence (PL)

spectra of 1L-MoS,/CrPSs vdW heterostructure. The inset shows the temperature dependence of

PL intensity at 1.94 eV in monolayer MoS..
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Fig. S10 (a) Raman scattering spectrum of 1L-MoS2/CrPSs vdW heterostructure at 100 K. (b)

Temperature dependence of Raman scattering spectra with Az, B4 and Az phonon peaks. (c)

Temperature dependence of Raman peak position of Az, Bs and A: peak. (d) Temperature

dependence of A1, B4 and A2 Raman peak intensity normalized by Raman peak intensity of Si at

520 cm™.
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Fig. S11 (a) Schematic crystal structure of bulk CrPS4 from top view. (b) Temperature dependence
of lattice constants of bulk CrPS4!. Spontaneous polarization at the interface of 1L-MoS,/CrPS,
heterostructure is expected along to a-axis of CrPSs. The change of lattice constants of a-axis
below Neel temperature of 40 K shows continuously changes from 10 to 300 K straddling 40 K

(Tn).
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Fig. S12 (a) Temperature dependence of I-V characteristics of another 1L-MoS,/CrPSs vdW
heterostructure under the light illumination from 10 to 100 K. (b) Spontaneous photocurrent at

zero-bias voltage as a function of temperature. The black dotted line at 40 K indicates Neel

temperature of CrPSa.
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Fig. S13 (a) I-V curves of the bulk CrPS4 and MoS2/CrPS4 heterostructures at 10 (below Ty) and
300 K (above Tn), excited by LPL. (b) Temperature dependence of the spontaneous photocurrent
of the MoS2/CrPS4 heterostructure (red circles) and bulk CrPSs (black triangle)
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Fig. S14 Magnetic phase of CrPS, as a function of temperature and external magnetic field?. The
experimental conditions at 10 and 35 K followed by the external magnetic field are shown by the

dotted lines.
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Fig. S15 Spontaneous photocurrent hysteresis in the MoS2/CrPSs heterostructure when the
external magnetic field was swept from0to 7 T and from 7to O T.
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Fig. S16 (a) R and (b) Voc as a function of the external magnetic field at 35 K.
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Fig. S17 (a) Raman scattering spectrum of the MoS2/CrPS4 heterostructure. The inset shows an
optical image of the measured heterostructure. The relative crystal angles are indicated in the
optical image. (b) Polar plot of the polarized Raman scattering intensity as a function of the angle
of linearly polarized light: CrPS, A-type peak at 306 cm™ (red), mixed peak of MoS; A and
CrPS4 A-type peak at 406 cm™ (green).
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Fig. S18 Optical images of the (a) MoS> monolayer, (b) CrPSs bulk, and (¢) MoS>/CrPS4
heterostructure samples. Polar plot of the SHG intensity of the (d) MoS, monolayer, (e) CrPS4
bulk, and (f) MoS»/CrPS4 heterostructure. Each inset shows a schematic of the crystal structure
and characteristic crystal axes, as shown by the dotted lines. The fitted linzZAAZAZZes of the polar

plots are shown, and the mirror plane angle is calculated from the fitting result.
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Table. R1 Relationship between the shift current, injection current and magnetic phase of CrPSas.
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