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[bookmark: _Hlk126379913]FIGURE S1 The illustration of the fabrication process of MnSe/WSe2 heterojunction.






[image: ]
[bookmark: _Hlk126415630]FIGURE S2 (A) XRD pattern. (B) XPS patterns. (C) HRTEM image with the inset of SAED pattern. (D) TEM image. EDS patterns of (E) W and (F) Se in the exfoliated WSe2 flakes.
[bookmark: _Hlk124175926][bookmark: _Hlk124179430]Figure S2A shows the XRD patterns of WSe2 with diffraction peaks at 2θ = 13.6, 27.5, 41.7, 56.8, and 72.8 degree, respectively, which correspond to the (002), (004), (006), (008), and (0010) faces of WSe2 (PDF no.38-1388). The peaks at binding energies of 34.75 and 32.55 eV in Figure S2B are represented as W 4f5/2 and W 4f3/2 states, respectively. The two peaks at 55.85 and 55 eV represent Se 3d3/2 and Se 3d5/2 states of WSe2, respectively. HRTEM plot shows spacings of 0.16 and 0.28 nm, corresponding to the (100) and (110) faces of WSe2, as shown in Figure S2C.The clear hexagonal shape of the SAED pattern in the inset indicates its single crystal nature. Figure S2D-F visualize the uniform distribution of W and Se elements in raw WSe2 nanosheets.
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[bookmark: _Hlk126379788][bookmark: _Hlk124913463][bookmark: _Hlk126415582]FIGURE S3 (A) Optical micrograph of device using MnSe nanosheets as channel materials and its transfer curve at Vds=1V and Ids-Vds curve in the dark. (B) Optical micrograph of device using WSe2 nanosheet as channel material and its transfer curve at Vds=2V in the dark, and Ids-Vds curves at different optical powers of 405 nm laser.
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FIGURE S4 The SPD MnSe and WSe2 with an inset of the potential height profile near the interface of the MnSe/WSe2 heterojunction.
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[bookmark: _GoBack]FIGURE S5 The semi-logarithmic curves for (A) the I-V and (B) the transfer characteristics.
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FIGURE S6 Optical response of MnSe/WSe2 heterojunction at Vds = 5 V and Vg = 0 V for one cycle under 300 nm laser irradiation.
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[bookmark: _Hlk124902843]FIGURE S7 The photoresponse of the MnSe/WSe2 heterojunction at Vds = 5 V and Vg = 0 V under the irradiation of (A) 1060 nm, (B) 1310 nm, (C) 1550 nm and (D) 2200 nm laser respectively with different light power intensities.
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[bookmark: _Hlk124902906]FIGURE S8 (A) The rise and (B) fall time of the MnSe/WSe2 heterojunction under the irradiation of 405 nm laser. (C) Optical opening characteristics of MnSe/WSe2 heterojunction for 300 consecutive cycles of irradiation (405 nm laser).
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FIGURE S9 The photoresponse of the MnSe/WSe2 heterojunction on the first day and after two months.

TABLE S1 The self-powered performance of photodetector based on 2D heterojunctions.
	Heterojunction
	Wavelength [nm]
	Responsivity [mA/W]
	EQE [%]
	Detectivity [jones]
	Reference

	AsP/InSe
	532
	6
	1.5
	-
	[1]

	We2/MoS2
	514
	44
	12
	-
	[2]

	WSe2/ WSe2
	532
	11.2
	2.6
	4.4×1010
	[3]

	MoS2/FePS3
	532
	52
	12
	1.4×1010
	[4]

	MoTe2/MoS2
	473
	64
	-
	1.6×1010
	[5]

	GaSe/MoSe2
	White light
	5.5
	0.12
	-
	[6]

	Graphene/WSe2/Fe3GeTe2
	650
	116.38
	-
	3.4×1010
	[7]

	MnSe/WSe2
	405
	148
	45.4
	2.74×1010
	This work
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