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Figure S1 The transport and output curves of SnS, (a, b) and SnSe, (c, d) for SnSe,/SnS,/h-

BN/graphene heterostructure.

In order to enhance the comprehension of the charge transfer mechanism in the SnS, and SnSe,
heterostructure, electrical measurements are applied on individual SnS; and SnSe, flakes. The
output and transfer curves of SnS, and SnSe, are shown in Figure S1. It is observed that the
gate voltage has a significant impact on the SnS, current, implying that the Fermi level of SnS,
can be readily modulated by the gate voltage. The SnSe, transfer curve exhibits n-type
conduction characteristics, with a high drain current and minimal modulation within the gate
voltage range of -5 to 5 V (Figure S1c), implying that a high electron density and a Fermi level

situated close to the SnSe, conduction band minimum.
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Figure S2 (a) Optical image of the SnSe,/SnS, heterostructure. (b) Raman spectra of the
SnSe,/SnS, heterostructure. The output (¢) and transport (d) curves for SnSe,/SnS,

heterostructure.

Figure S2c¢-S2d illustrates the electrical characteristics of the SnSe,/SnS, heterostructure at
various voltages. The currents exhibit a decreasing trend as the V, decreases, indicating the gate

tunability of the SnSe,/SnS, heterostructure in Figure S2c.
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Figure S3 The output and transport curves of SnS, (a, b) and SnSe, (c, d) for SnSe,/SnS,

heterostructure.

According to Figure S3, the output characteristics of the SnSe,/SnS, heterostructure are
investigated under varying gate voltage. Notably, the current of SnS, demonstrates a substantial
variation across different gate voltages, indicating that the current is predominantly modulated
by the gate voltage. The transfer characteristics of SnSe, (SnS;) under a gate voltage of 1V
demonstrate n-type semiconductor behavior. This indicates that the material exhibits

characteristics associated with electron conduction.



Q

Intensity (a.u.)

OR

Intensity (a.u.)

Figure S4 XPS spectra of (a) Sn 3d, (b) S 2p in SnS,, (d) Sn 3d, (e) Se 3d in SnSe;,, valence
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The X-ray photoelectron spectroscopy (XPS) spectra of SnS, and SnSe,, are illustrated in

Figure S4. In the SnS, heterostructure, the characteristic peaks of the S element are attributed

to the S 2p;,(161.31 eV) and S 2p;, (162.52 eV) (Figure S4b), respectively. Additionally, the

peaks of Se element at 53.49 eV (Se 3ds;) and 54.35 eV (Se 3d;/,) correspond to SnSe, (Figure

S4e). To validate the band structure, we assess the valence band spectra of both SnS; and SnSe,,

the valence band maximum values of 6.65 eV and 5.71 eV for SnS, (Figure S4c) and SnSe,

(Figure S4f) are conducted.
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Figure S5 Absorption spectra of (a) SnS,, (b) SnSe, and (¢) SnS,/SnSe, heterostructure.

By analyzing the absorption spectra (as illustrated in Figure S5), SnS, exhibits a broad
absorption peak spanning from 350 nm to 500 nm, indicating that its remarkable optical
absorption characteristics across the ultraviolet-visible spectrum. SnSe; has the light absorption
peak in the range of ultraviolet-visible spectrum, featuring a pronounced absorption peak at
wavelengths between 400 nm and 700 nm. A noticeable expansion in the range of light
absorption is found in the SnSe,/SnS, heterostructure, with heightened absorption intensity
particularly in the visible region, which signifies the potential of the SnSe,/SnS; heterostructure

in the realm of optoelectronic devices.
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Figure S6 Responsivity as a function of wavelengths for the SnSe,/SnS,/h-BN/graphene

heterostructure.
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Figure S7 The rise (a) and decay time (b)of the SnSe,/SnS, heterostructure.
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Table S1 Comparison the parameters of various type I-II1 vdW heterostructures photodetectors.

Materials Type Wavelength R On/off D* 7. (ms) 74 (Ms) Reference
(nm) (A/W) ratio (Jones)
WS,/h-BN/PdSe, - 520 - 106 2.7x101? - 1
GaTe/InSe I 1064 267.4 - 104 103 103 2
Bily/Bil II 638 1 >103 8.8x1012 0.00382 0.00467 3
SnS,/MoS, II 532 28 106 4x10M 640 410 4
MoTe,/SnSe, I 885 36 10° 1.03x1012 10 12 5
PdSey/MoS, II 532 9 - 3x1010 125 7 6
WS,/PtS, I 653 0.33 >10° 4.3x1010 55 54 7
GeSe/MoS,; I 532 0.105 104 1.46x1010 110 750 8
InSe/ReS, - 365 1921 - 6.51x10"3 21.6 43.2 9
WSe,/MoS, II 532 2700 102 5x10!! 17 29 10
InSe/PdSe, I 1650 58.8 - 1x10'0 160 180 11
WSe,/ReS; II 532 3 - 8.39x1010 0.005 0.005 12
SnSe,/SnS, I 365 37.5 107 1.2x10'0 47 48 This work
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